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STUDY ON MORPHOLOGICAL AND STRUCTURAL CHANGES 
INDUCED BY ULTRASONIC DEGREASING OF WOOL AND HUMAN 

HAIR WASTES 
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Abstract. Recovery and reuse of wool and hair waste is a challenge with the ultimate goal environment 
protection. One of the early stages of the recovery process is the operation of scouring-degreasing wool and 
human hair waste. In recent decades the use of ultrasound technology has established an important place in 
different industrial processes and has started to revolutionize environmental protection. The power of ultrasound 
can enhance a wide variety of chemical and physical processes, mainly due to the phenomenon known as 
cavitation in a liquid medium. The objective of the present work is to develop eco-friendly effective degreasing 
system for keratin fiber waste with the aid of ultrasound, using distilled water and also trichlorethylene as a 
medium of propagation-degreasing, and realized a comparative analysis of efficiency of fat extraction by Soxhlet 
classical method and via ultrasonication. This work investigate the effect that ultrasonic irradiation has on the 
structure of wool and hair fibers. Thus were highlighted both morphological and structural changes of treated 
materials using optical microscopy, and FTIR spectroscopy. By using the unconventional method of cleaning 
and degreasing with an ultrasonic resonator tube are possible reductions in utility and solvents consumption 
together with changes in the cuticular layer of wool and hair fibers. 
 
Key words: keratin wastes, morphological structure, resonator tube, scouring, spectral analysis 
 
 

1. INTRODUCTION  
 
Recycling organic waste from preliminary operations of wool processing industry and human 

hair from hairdressing salons, aims to use the resulting by-products in areas as diverse as agriculture, 
cosmetics, building materials, biomaterials, etc [1-3]. 

For cleaning and removal of fatty substances in the composition of human hair and wool 
waste the following methods are used [4]: 

- degreasing in an aqueous medium with a non-ionic surfactant; 
- degreasing in a solvent medium; 
- degreasing in an aqueous medium with an organic solvent and a non-ionic surfactant; 

- degreasing by pressurized extraction with a fluid; 
- degreasing by supercritical extraction with a fluid. 

In recent decades the use of ultrasound technology has established an important place in 
different industrial processes and has started to revolutionize environmental protection.The idea of 
using ultrasound in textile wet processes is not a new one [5, 6] but the ultrasound-assisted wet wool 
and hair processes have not been implemented on an industrial scale as yet [7, 8]. In practice, for wool 
and hair wet processes are reported use of the frequency 20-100 kHz [9].  

The power of ultrasound can enhance a wide variety of chemical and physical processes, 
mainly due to the phenomenon known as cavitation in a liquid medium that is the growth and 
explosive collapse of microscopic bubbles. Sudden and explosive collapse of these bubbles can 
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generate ‘‘hot spots’’ i.e., localized high temperature, high pressure, shock waves and severe shear 
force capable of breaking chemical bonds [10-12].  

The objective of the present work is to develop eco-friendly effective degreasing system for 
keratin fiber waste with the aid of ultrasound using distilled water and also trichlorethylene as a 
medium of propagation-degreasing, and realized a comparative analysis of efficiency of fat extraction 
by Soxhlet classical method and via ultrasonication. 

This work investigate the effect that ultrasonic irradiation has on the morphological and 
chemical structure of wool and hair fibers. Thus were highlighted both morphological and structural 
changes using optical microscopy, and FTIR spectroscopy. 

 
2. APPARATUS AND MATERIALS  
 

  For the scouring-degreasing comparative experiments some specific reagents were used such 
as: trichloroethylene (TCE), distilled water, sodium carbonate, and hydroalcoholic solution.  
  The analysis techniques were: IR-ATR spectroscopy using a DIGILAB – SCIMITAR Series 
FTS 2000 spectrometer with ZnSe crystal, 750 - 4000 cm-1 range, 4 cm-1 resolution, and optical 
microscopy using an Optical Microscope EUROMEX ME 2665(Holland) with video digital camera.  
  For degreasing a classic Soxhlet installation and an ultrasonic device Sonic Vibrocell type 
with resonator tube were used. The ultrasonic device worked at the following parameters: power:    
750 W; frequency: 25 kHz; duty cycle: 2 s. 
 
 3.   WORKING METHOD  
    

The washing of wool and hair poses some technical problems, and need to be designed to 
minimise fiber movement but maximise liquor transfer so as to avoid felting. For the same reason 
detergents for scouring process need to be in a slightly alkaline range (pH ~ 8.5). Thus, in the first 
phase, wool and hair samples were cleaned in distilled water at 50oC, and then washed with a solution 
of 2 g/l Na2CO3 and a surfactant solution of 0.5 g/l concentration.  

 
            Soxhlet extraction method 

The traditional method for determining grease content within wool and hair fiber samples [13] 
is solvent extraction process in Soxhlet equipment using organic solvents. Thus six parallel hair and 
wool samples with a weight of 5 g each were extracted individually by Soxhlet equipment with 300 ml 
of trichloroethylene for 3 h with approximately three extractions performed per hour.  

After fat extraction sample cartridges were subjected to washing with 50% alcohol solution, 
and then dried at 50oC for 24 hours and conditioned at 20 oC and 65% humidity for 24 hours.  

 
Ultrasonic extraction 
In this experiment six parallel hair and wool samples with a weight of 5 g each were 

ultrasonicated with a resonator tube for 30 min to 120 min, in 150 ml of distilled water, and 
trichloroethylene, respectively. The extracted hair and wool samples were then washed with 50% 
hydroalcoholic solution to recover any remaining organic residue, and then dried in the same 
conditions as above.  

 
4. RESULTS AND DISCUSSION 
 
The measured percent extractables of the hair and wool samples depended upon the method 

and solvent used as can be seen in figure 1.  
These data show that the extracted fat percentages increase in the order: ultrasonic treatment 

in water bath, Soxhlet extraction, and ultrasonic treatment in TCE bath. However, the extraction by 
Soxhlet method has a longer duration (3h) comparated with ultrasound extraction (2h), and also uses a 
two-fold amount of solvent. 

The highest percentage of fat is removed for 2h duration of ultrasonic extraction regardless 
whether the sample is degreased by ultrasonication in distilled water or in solvent bath. Concomitant 
use of sonication and degreasing solvent enhances the cavitation effect enabling a more rapid removal 
of fat.  
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US-water 3,07 3,15 3,32 3,42

US-TCE 4,05 4,2 4,46 4,57

30 60 90 120

 
       

Fig.1. Percent extractables of wool and hair samples depending on the duration 
 and the method of degreasing. 

 
Fibers surface morphology 
Microscopic images of initial samples (un-scoured) and after fat extraction by ultrasonic 

treatment in water and solvent (TCE) respectively, are shown in figure 2 and 3.  
Microscopy studies of wool and hair fibres revealed that the ultrasonic waves induced changes 

in fibre cuticle structure. The defatted fibers have the grease and other surface contaminant removed 
and show good scale definition and a clean surface.  

Wool samples (fig. 2c) show a change at the surface of cuticular layer as well as in its depth 
due to the cavitation effect induced by ultrasonication and further emphasized by the presence of 
solvent in the treatment bath. Treatment in water only (fig. 2b) left a cushion of air on the surface or 
within the fibre that limited the impact of cavitation to a mild cracking of the cuticle.  

Human hair samples treated with solvent in ultrasonic bath (fig. 3c) reveal also a more 
affected cuticular layer at the surface and in its depth comparated with the initial sample (fig. 3a) and 
samples ultrasonicated in distillated water, respectively (fig. 3b). This destruction of the cuticle is 
more pronounced than for wool samples degreased in the same conditions. 
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             a                                                              b                                                       c 

Fig.2. Microscopic images of wool samples: a) initial sample; b) ultrasonicated in water for 2h;  
c) ultrasonicated in TCE for 2h. 

 

   

             a                                                              b                                                       c 
Fig.3. Microscopic images of human hair samples: a) initial sample; 
 b) ultrasonicated in water for 2h; c) ultrasonicated in TCE for 2h. 

 
Spectral analysis 
IR-ATR spectra of the initial sample and of the samples degreased via sonication in water and 

TCE for 2 h are presented in figure 4 and 5.  
In the figure 4a and 5a the spectra of both initial samples of hair and wool respectively, 

showed a band at 3470 cm-1 assigned to the H-bonded OH stretch of water residing in keratin. The 
cuticular layer of hair and wool samples (b) affected by cavitation effect presents a lower signal 
intensity in this spectral zone, and samples (c), sonicated in TCE bath show a shift of the same band to 
the left indicating a more tightly bound water structure and possible new intermolecular bonds in 
different positions in the affected cuticle. 

Both initial samples (a) show spectral bands at 3000-2700 cm-1 wich are assigned to the 
stretching modes of the lipid alkyl chains (the methyl CH3 are observed at 2955 and 2933 cm-1, and 
CH2 at 2875 and 2855 cm-1). In the case of ultrasonicated samples signal strength in these areas 
decreases as well as its response surface, and the hair sample degreased in TCE (fig. 4c) shows the 
most attenuated signal. This may be due to the degreasing produced by cavitation effect during 
sonication. 

Region between 1700-1500 cm-1 contains the most intense features, arising from peptide bond 
(-CONH-) from protein structures such as amide I and amide II: amide I at 1670-1657 cm-1 which is 
an indicative of alpha-helical structures, is mainly associated with the C=O vibration and is directly 
related to the backbone conformation; amide II at 1547-1538 cm-1 corresponds to N-H bending and   
C-N vibrations; amide III at 1266-1230 cm-1 corresponds to the in-phase combination of C-N 
stretching and N-H bending, with some contribution from C-C stretching and C=O bending vibrations. 
The latter is a complex band, and depends on the nature of side chains and hydrogen bonding. 

The sonicated hair and wool samples (b and c in figures) shows a lower signal intensity in 
these spectral zones wich is much more attenuated for the solvent degreased samples; this could be 
atributted to conformational changes in secondary structure and possible reformation of intramolecular 
hydrogen bond in the α helical structures and β layers, which can affect also cystine bonds occuring in 
the near spectral  zone.  
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.  
 

Fig.4. Human hair IR spectra: a) initial sample, b) ultrasonicated in water for 2h;  
c) ultrasonicated in TCE for 2h. 

 
 

Fig.5. Wool IR spectra: a) initial sample, b) ultrasonicated in water for 2h;  
c) ultrasonicated in TCE for 2h. 

 
   5. CONCLUSIONS 
 

1. Concomitant use of sonication and degreasing solvent (TCE) significantly improves the 
removal of fat from hair and wool fibers. 

2. The sonication in solvent bath is superior to the conventional Soxhlet method, at the same 
time decreasing the amount of solvent used for degreasing and reducing the working time. 

3. Ultrasonic extraction in aqueous bath enables also a good removal of fat from the fibers 
helping to minimize or eliminate the use of detergents and solvents. 

4. Human hair treated with solvent in ultrasonic bath reveal a more affected cuticular layer, 
destruction wich is more pronounced compared with degreased wool samples under the 
same conditions.  

5. IR-ATR highlights the structural changes that occur in both wool and hair after sonication, 
more pronounced by concomitant use of solvent.  
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6. The results can be a starting point in finding new ways of extracting components of 
interest from these sources of waste such as waxes, lanolin, some amino acids, melanin 
pigments, cholesterol, etc. 
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Abstract: Posidonia Oceanic is a seaweed from Mediterranean Sea and it is more concentrated at the Balerian 
SEA. This implies the Valencian Community also. It forms vaste underwater meadows in the sea and are part of 
the Mediterranean ecosystem. It is a seagrass specie with fruits and flowers. Leaves are ribbon-like and they 
grow in winter and at the end of summer some of them are separated and arrive to some sea line. Fuit is 
separated and can floate, it is known as “the olive of the sea” mainly in Italy, or as the Neptune Balls.  As it can 
be used in different fields, it is is being studied in order ro have the precitice tests. 
Some authors have reported the manufacturing of fully bio-based comites with a gluten matrix by hot-press 
molding. And it has been considered as an effective insulator for building industry or even though to determine 
the presence of mercure in the Mediterranean sea some years ago. As many applications can be designed from 
that fibres,  it has been considered to be bleached in order to used them in fashinable products. Consequently, its 
original brown color is not the most suitable one and it should be bleached as many other cellulosic fibres. 
The aim of this paper is to bleache neptune balls however, the inner fibres were not accesible at all and it 
implied not to bleach the inner fibres in the neptune ball. Further studiesd will consider bleaching the 
individualised fibres. 
 
Key words: Fiber, seaweed, Neptune ball, bleaching, and cellulose. 
 
 
  1. INTRODUCTION  
 

Posidonia Oceanic is a seaweed from Mediterranean Sea and it is more concentrated at the 
Balerian SEA. This implies the Valencian Community also. It forms vaste underwater meadows in the 
sea and are part of the Mediterranean ecosystem. It is a seagrass specie with fruits and flowers. Leaves 
are ribbon-like and they grow in winter and at the end of summer some of them are separated and 
arrive to some sea line. Fuit is separated and can floate, it is known as “the olive of the sea” mainly in 
Italy, or as the Neptune Balls.  

Because of a Eurpean directive about Habitats it is considered a Priority Habitat of 
Community Interest. However, When tehy arrive to the sea line, it is considered a solid residue which 
is water up  taken from the sea in the beaches so as to clean them.  

Some authors have reported the manufacturing of fully bio-based composites with a gluten 
matrix by hot-press molding [1]. And it has been considered as an effective insulator for building 
industry ore ven though to determine the presence of mercure in the Mediterranean sea some years 
ago. [2]. As many applications can be designed from that fibres,  it has been considered to be bleached 
in order to used them in fashinable products. Consequently, its original brown color is not the most 
suitable one and it should be bleached as many other cellulosic fibres [3-6]. Some authors have 
reported its chemical composition [7] and some have used it as reinforcement of some composites [8]. 
However, not many papers have been published about the topic. 

The aim of this paper is to bleache neptune balls however, the inner fibres were not accesible 
at all and it implied not to bleach the inner fibres in the neptune ball. Further studiesd will consider 
bleaching the individualised fibres.Regarles its concerns on environmental protection, it is importan to 
consider those fibres for some technical products or as the main component of some conventional 
garments. Thus it must be bleached so that it can follow the fashion standards in the future. The aim of 
this study is the suitability of bleaching Neptune balls in order to use them in a different color from the 



 14

characteristic brown as it can be observed in figure 1. 
 

                                                               
Fig. 1: Neptune ball appearance 

 
  2. EXPERIMENTAL  
 

2.1 Materials 
Seaweed from the Valencian Region have been used.   

 
2.2 Bleaching 
Two bleaching agents have been used, NaClO and H2 O2.. NaClO has been used at room 

temperature with different concentrations considering a bath ratio of 1/40 for periods of time from 1 h 
to 12 h. H2O2 has been used at 100º C for periods od 1 h and the same liquor ratio.  
 

2.4. SEM microscopy. 
 Fibres surface was obserbed by SEM microscopy. A scanning electron microscopy (Phenom 
Microscope FEI Company, Hillsboro, OR, USA) was used. Each sample was fixed on a standard 
sample holder and sputtered with gold and palladium accurately in order to convert the sample into a 
conductive one so as to be observed properly. 
 
  3. RESULTS AND DISCUSSION 
 
 Balls treated with NaClO were treated at different concentrations, 4gCl/L and 6 gCl/L.  Balls 
were inmersen in the NaClO solution for 1 hour at room temperature. Then the balls were observed 
and as apparently no changes had occurred, it was observed in periods of 1 hour until 6 hoours had 
passed., although it seemingly no changes were observed they were rinsed wth water and dried at 
room temperature. Once the Neptune balls had been dried it was confirmed that no changes in colour 
were observed. Thus, some new balls were immersed in NaClO for 12 hours, and it could be 
appreciated a slightly difference in the fibre colour (figure 2).  
 

 
a) b) 

Fig. 2: Neptune ball appearance after 12 hours with NaClO. a) Otside part. 
b)inner part 

 
 
                                   
        

 
. 
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 However, as soon as the balls were opened, it could be clearly appreciated that it was a 
superficial treatment and the inner parts were no affected by the changes in colour. 
 Simmilar behavior is appreciated when H2O2 samples were oserved, despite the fact that it was 
at boiling temperature. 
 The most streaking result to emerge from the data is that the most superficial fibres were 
treated but not the inner part, despite the high ratio of  hydrophobicity stated by previous authors [1]. 
In order to determine the reason of its low reduction in the brown colours from the balls microscopy 
technique was used. Figure 2a shows the fibre and ot can be observes that it seems a grooved surface, 
and when it has been treated by different processes it seems to be divided into different hollow fibres, 
as it can be observed in figure 2b.  
 

  
a) b) 

Fig. 2: Neptune ball appearance. a) without treatment. B) with NaClO (12 h) treatment 
 
 However, when the fibres are observed conciosely, it can be observed that it is formed by 
different fibres which ares disposed in a way which offers the grooved surface. When the coating is 
removed, it is clearly appreciated that fibrils are hollow ones as it can be observed in figure 3. This is 
the reason why they flotate. 
 

                                             
    

Fig. 3: Neptune ball appearance after bleaching treatment. 
 
 When fibres were trerated under long periods of time (12 hours) it can be appreciated that 
balls´surface show a courios state. It seems to be severely feltered on its surface and the reduction in 
brown colour is not considerably appreciated. Figure 4 shows this effect. 
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Fig. 3: Neptune ball appearance after bleaching treatment in extreme conditions. 

 
  4. CONCLUSIONS 
 
  It must be pointed out that the number of treatments could have been increased by the 
variation of different concentrations. However, it is not worth from an industrial point of view to treat 
the balls as its colour is slighty reduced and the inner fibres remain more or less in the same 
conditions. Further tests will control the belaching from Neptune fibres but not in the shape of balls 
but with the dibre without being sticked together. 
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Abstract: In order to convert the textile fibers in yarns, these must be subjected to twisting operation which 
confers them a certain tensile strength. Twisting also results in certain effects, such as crepe effect. The 
importance of knowing the twisting behavior consists in the possibility to avoid fiber degradation as the result of 
an excessive twisting. 
The present work took for study three types of chemical fibers (wool-type rayon, wool-type polyester, wool-type 
polyacrylonitrile) and two types of wool fibers S11 and S12. The main characteristics of wool type chemical 
fibers (fiber count, nominal length, breaking length, relative elongation, brightness) and of wool fibers 
(diameter, almeter length, uster irregularit) have been measured. Then the fibers were subjected to thermal 
treatments in certain conditions.  
From the researches performed for the both wool blends, S11 and S21, one can notice that the torsional 
rigidity/stiffness increases after the thermal treatment and the wool fibers changes their handle accordingly. 
The rayon fibers present the biggest torsional rigidity, as compared to the other types of analyzed fibers, both 
untreated and heat treated. After heat treatment, the rayon fibers considerable improves their handle. 
The variation coefficient of breaking torsion increases in the case of heat treated polyester and poly-acrylonitrile 
fibers while  for rayon and wool fibers this coefficient decreases.  
 
Key words: wool, breaking torsion, heat treatment, frequency polygon, variation coefficient 
 
 

1. INTRODUCTION  
 
The present work took for study five types of fibers whose main characteristics are 

summarized in the Tables 1 and 2. 
 

Table1: Characteristics of wool-type chemical fibers 
Fiber type No. 

 
Characteristics 

Rayon PES PAN 
1. Fiber count, dtex (den) 4.2(3.75) 4.4(4) 3.3(3) 
2. Deviations from fiber count, %  5  10  
3. Nominal length, mm 80 88 95 
4. Deviation from nominal length, %  5  5  
5. Breaking length, Km 19.5 3.5 2.2 
6. Relative elongation, % 19 40  
7. Brightness,  % 78 70 75 
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Table 2: Characteristics of wool fibers 
Fiber type No. 

 
Characteristics 

Wool S11 Wool S21 
1. Maximum diameter, m  24 29 

2. Coefficient of variation, max, % 22 27 
3. Almeter length mm 48 53 
4. Almeter variation coefficient, max, % 46 46 
5. Fibers with length under 40mm, % 35 25 
6. Fibers with length above 25mm, % 10 8 
7. Uster irregularity, % 5.5 5.5 
8. Fat content, max, % 11 11 

 
For the investigation of the stress properties of the studied fibers we used pre-stressed fibers 

with 0.5 cN/tex, on a torsiometer with a distance of 10 mm between clamps. 
The angle corresponding to the breaking torsion [1] was calculated with relation : 

Td

l
tg


              (1) 

 
where: l – initial fiber length, i.e. the distance between torsiometer’s clamps; 

d – fiber diameter; 
T – number of twists before breaking. 
The thermal treatments to which the fibers were subjected lasted 15 minutes and were 

performed at 100oC. 
 
  2. EXPERIMENTAL PART  
  
 The complexity of reality requires, in statistical surveys, the follow-up of two directions: 
- description of a population by a feature or multiple features highlighting; 
- comparison between populations [2]. 

In practice, the textile material must exhibit an optimum behaviour to repeated strains, 
flexions and abrasions during wearing process [3]. 

The obtained results were graphically summarized in Figure 1.a, 1.b, 1.c, 1.d, 1.e. 
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Fig. 1.a. Diagram of distribution according to turns to break of the fibers of wool-type rayon 
 
  
 The structural modifications of the fibres, which were determined during the processing 
phases determine the variance of the tension and of the viscoelastic characteristics, which can be 
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pursued rigorously and the experimental values become usefully in the adoption of the correct 
technological processing parameters. 
 Frequency polygon is an important graph to approximate not only the shape of the distribution 
of studied population, but also for comparing two distributions on the same chart. 
 

0

5

10

15

20

25

30

35

40

45

50

120 135 150 165 180 195 210

Ti (tors/cm)

fi
 (

%
)

Untreated Treated fibres
 

 
Fig. 1.b: Diagram of distribution according to turns to break of the fibers of  wool-type polyester 
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Fig.1.c: Diagram of distribution according to turns to break of the fibers of  wool-type polyacrylonitrile 
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Fig. 1.d: Diagram of distribution according to turns to break of the fibers of wool S11 
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Fig. 1.e: Diagram of distribution according to turns to break of the fibers of wool S12 

 
Table 3: Summarizing 

Untreated  
 

Thermally treated 
 

No. 
 

Sample name Tt  
tex 

T  
(tors/cm)

r
( 0 )

mod
( 0 ) 

CV 
( % )

T  
(tors/cm)

r  

( 0 ) 
mod  

( 0 ) 

CV 
( % )

1. Rayon 0.42 129 52 53 14.4 93 61 58 12.4 
2. PES 0.44 182 40 40 5.74 157 45 45 5.95 
3. PAN 0.33 166 45 45 5.99 160 46 45 6.68 
4. Wool S11 0.7 113 47 46 19.8 100 50 44 19.4 
5. Wool S21 0.87 95 49 52 22.2 87 51 52 17.1 

 
From the researches performed for the both wool blends, S11 and S21, one can notice that the 

torsional rigidity/stiffness increases after the thermal treatment and the wool fibers changes their 
handle accordingly. 
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The wool fibers consist of three structural parts, namely: cortical layer, cuticle layer and 
medullar layer, and the cuticle cells consist of keratin that belongs to the class of protein substances. 
Thus the keratin molecules contain some large side chains that obstruct the tight packing, necessary 
for a fiber with big orientation degree, the basic conditions for fiber big resistance. 

If one compares the two wool brands, one can notice that the fibers of wool 21 have a bigger 
torsional rigidity as compared to the fibers of wool 11, both under the conditions of a heat treatment 
and untreated. 

The angle α corresponding to breaking torsion increases from α= 47o to α= 50o under the 
conditions of the heat treatment for fibers of wool S11, while for fibers of wool S21 it increases from 
α= 49o to α= 51o under the conditions of the heat treatment. 

From the graphical representations of the distribution in terms of breaking torsion, Figure 1d 
and Figure 1e, one can notice a quite large range of breaking torsion variation for both, the fibers 
subjected to heat treatment and for those untreated. 

After the heat treatment, the coefficient of variation decreases for the both wool brands. Most 
fibers are irregular, and they are often subjected to combined loading conditions during processing and 
end-use. 

The results indicate that twist and level of fiber irregularity have a major impact on the 
mechanical properties of the fiber and the effect of the frequency of irregularity is relatively small [4]. 

The coefficient of variation (CV), also known as “relative variability”, equals the standard 
deviation divided by the mean. CV is often presented as the given ratio multiplied by 100.  

The CV for a single variable aims to describe the dispersion of the variable in a way that does 
not depend on the variable's measurement unit. The higher the CV, the greater the dispersion in the 
variable.  

The CV for a model aims to describe the model fit in terms of the relative sizes of the squared 
residuals and outcome values. The lower the CV, the smaller the residuals relative to the predicted 
value. This is suggestive of a good model fit [5], [6]. 
 

3. CONCLUSIONS 
 
1. As the result of the performed researches, it was found that the rayon fibers present the 

biggest torsional rigidity, as compared to the other types of analyzed fibers, both untreated and heat 
treated. 
  2. Subjected to heat treatment, the rayon fibers considerable improves their handle; this has to 
be considered during the fiber processing, finishing, and with respect to the utilization of the finite 
products. The increase of the torsional rigidity will result in obtaining a more pleasant handle for 
yarns. 
  3. As the result of the heat treatment, the polyester and polyacrylamidic fibers suffer a quite 
small modification of the torsional rigidity (especially the polyacrylamidic fibers), still maintaining 
their soft handle after the heat treatment. 
  4. Comparing the two investigated wool brands, S11 and S21, one can notice that the fibers of 
wool S11 have a little bigger increase of the torsional rigidity as compared to the fibers of wool S21, 
which is semi-fine wool. Yet, generally the torsional rigidity increases for the wool fibers subjected to 
heat treatment and the wool fibers modify their handle after the heat treatment. 

5. The coefficient of variation increases in the case of polyester and poly-acrylonitrile fibers, 
as compared to the coefficient of variation for the untreated polyester and polyacrylonitrile fibers. 

6. For the rayon and wool fibers, the coefficient of variation decreases when they are subjected 
to heat treatment. 
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Abstract: Functionalization of textiles has been the aim of many studies in the field of intelligent materials. The 
aplication of nanoparticules on the fabric is one of approaches used for get textile functionalization. Normally, 
there is no attraction between inorganic particles and polymeric materials such as textiles. The difference 
between surface energy of two aforementioned organic and inorganic materials causes a kind of repellency in 
their interfaces. This problem is intensified by using nanoparticles because of their high specific surfaces In this 
research, treated samples with silica particles are compared to evaluate the effectiveness of the binder used. 
Cotton fabrics´ surfaces were observed by scanning electron microscopy (SEM) and energy dispersive using X-
Ray (EDX). EDX technique showed that it was a suitable method to detect Si particles presence on fabric 
surface, this technique offers quantitive results which help to compare different formulations. We confirm that 
the treated fabric with resin contained higher quantity of Ti particles than the one treated without resin.  We 
analyzed %weight (Si/O) for unwashed and washed treated samples with and without binder. We concluded that 
whased samples which had been treated using acrylic resin contain higher quantity of the silica particles onto 
fabric than those whased samples which had been treated without resin. 
 
Key words: Silica particles, SEM, coulter, durability, washing machine. 
 
 
 

1. INTRODUCTION  
 
Functionalization of textiles has been the aim of many studies in the field of intelligent 

materials. The aplication of nanoparticules on the fabric is one of approaches used for get textile 
functionalization. These can impart new properties to the fabric, such as antimicrobial [1], UV 
protection [2], self cleaning [3], flame retardancy [4], hydrophobic [5], etc. These properties depend 
on the type of particle used.  

Normally, there is no attraction between inorganic particles and polymeric materials such as 
textiles [6]. The difference between surface energy of two aforementioned organic and inorganic 
materials causes a kind of repellency in their interfaces. This problem is intensified by using 
nanoparticles because of their high specific surfaces [7]. Consequently, surface modification of textiles 
with nanoparticles is not permanent, especially against washing. 

The aim of this work was to determine the influence of resin on the presence of silice particles 
on the fabric surface after the application of washing cycles. Therefore, we treated the fabrics with 
domestic washing cycles, and analyzed the way in which particles are lost from the fabric surface by 
means of image analysis.  

For surface observation, a scanning electron microscope was used. Each sample was fixed on 
a standard sample holder and sputter coated with palladium and gold. Samples were then examined 
with suitable acceleration voltaje and magnification. To get a quantitive result the washed and 
unwashed samples were analyzed by energy disperse X-Ray Spectroscopy (EDX-SEM). 
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  2. EXPERIMENTAL 
 
We used a 100% cotton fabric with the weight of 115 gr/m2. All cotton fabric samples were 

impregnated with four diferent solutions. To study the behavior of the resin, silica particles and acrilyc 
binder STK-100, suministrated by Color-Center, were used. The size of the particles are around 3 μm.   

We prepared four different solutions, these are shown in the table 1. 
 

Table 1:  Formulation used in each treatment. 
Samples Si Particles 

(g/L) 
Resin (g/L) 

10 Si 10 0 
10 Si 5 R 10 5 
5 Si  5 0 
5 Si 5 R 5 5 

 
The samples were immersed in the aqueous solution and then were passed through squeeze 

rolls to give a specified pick-up, we obtained 75% in both treated samples. 
Treated samples were washed by following UNE EN ISO 6330 method no. 2A, 5 cycles of 

washes were carried out. 
To verify the existece of silica particles on the fiber surface, treated samples were observed 

with a scanning electron microscope FEI model Phenom (Fei, Oregon, USA). Prior to sample 
observation, samples were covered with a gold–palladium alloy in a Sputter Coater EMITECHmod. 
SC7620 (QuorumTechnologiesLtd., EastSussex, UK). Samples were then examined with suitable 
accelerating voltage and magnification.  

To obtain quantitive results Energy dispersive X-Ray (EDX) was used. Analyses were 
condusted using a Scanning Electron Microscope JEOL JSM-6300. All the electron microscopy 
images were obtained with an accelerating voltaje of 10 KeV. The EDX spectrums were also 
performed to verify the elemental composition of the deposited material on the fiber surface. Analysis 
of this data allowed comparisons of Si particles at different locations on the fabric. 
 

3. RESULTS ANS DICUSSION 
 

To check the presence of the particles on the surface fiber, some images from SEM were taken 
from the fabrics that have been studied in this work. In Figure 1, we can observe the laundered treated 
samples with different concentration of silica particles.  

 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: SEM images of the treated samples using different concentration of silica particles and 5 g/L of resin 

at 2000 magnifications.a, b, c)5 g/L silica particles and d, e, f)10 g/L silica particles. a, d) unlaundered samples, 
b, e) treated fabric after 1 washing cycle, c, f) treated fabric after 5 washing cycle.  

a. b. c. 

d. e. f. 
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After the washing cycles, we can observe the presence of particles on the fabric, but when we 
used greater quantity of silica particles, the quantity of microcapsules on the fabric surface is higher in 
all cases. But images get by microscope SEM do not allow us to obtain a quantificate result. For this 
reason energy dispersive X-Ray (EDX) was used to compare different treatments. In order to know the 
quantity of Si bonded located on the fabric, every sample was analized on the same area (120x90 um), 
then we calculated the ratio Si atoms/O atoms, these results are represented in the figure 2. 
 

 
 

Fig. 2: Representation the ratio %weight (Si/O) obtained of the treated samples with different silica 
particles concentration after different wash cycles. 

 
We can observe with these results that this ratio, which expres the quantity of particles on the 

surface of the analized samples, decreases when washing cycles are applied. If we compare the results 
between treated samples with different concentration of silica particles with and without resin, we can 
see that there are more quantity of the silica particles on the treated samples with resin after the 
aplication. As expected, this quantity decreases less than treated samples without resin after 1 and 5 
wash cycles. 

 
  4. CONCLUSIONS 
 
 Samples analysis by EDX evaluated the effect of silica particles durability. We analyzed 
%weight (Si/O) for unwashed and washed treated samples with and without binder. We concluded that 
whased samples which had been treated using acrylic resin contain higher quantity of the silica 
particles onto fabric than those whased samples which had been treated without resin. This points out 
the acrylic resin as a good adhesive to join this kind of particles onto the fabric.   
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Abstract: Use and valorization of renewable resources is a key factor within the sustainable development 
concept. In this context, natural fibers have known a well-deserved revival, both for clothing and non-clothing 
applications. During the last decades, wool production and prices has fall, due to the rise and diversification of 
synthetic fibers. Great amounts of wool are treated as waste and are burnt or landfilled. At present, in search for 
sustainable resources,wool is regarded as a biodegradable renewable resource and due to its complex chemical 
composition and physical structure, can find various value- added application. Two main directions to add value 
to wool fibers have been developed: applications that use native or slightly chemically modified fibers and 
applications that use the keratin biopolymer, previously extracted from the solubilized fibers. Lately, intensive 
research has been done on wool and its potential non-conventional applications as renewable resource. 
Innovative application and valorization solutions are reported in the specialty literature and different kinds of 
products are patented and marketed. The aim of this paper is to present the actual and potential possibilities for 
the valorization of native wool fibers in novel, non-clothing applications, and their contribution to the economic, 
environmental and social pillars of sustainable development.  
 
Key words:. Renewable resources, sustainable development, biofiber, keratin, waste valorization 
 
 

1. INTRODUCTION  
 
The history of natural fibers coincides with the history of mankind. Population growth and the 

development of chemical industry has driven the production of synthetic fibers, which proved to be 
much more easier to manufacture and process, and exhibit superior properties for certain applications.  

Chemical fibers with 60 % in world fiber production in 2006 have already greatly surpassed 
natural fibers like cotton (38 %) and wool (2 %) [1]. The world wool production, as well as prices, has 
steadily declined since1990; its 2008 level, with about 1200 Mt clean wool produced, was only 20 % 
greater than the production of 1950 and accounted for only 2.5% of the total yearly fibre consumption 
[2]. As a consequence, many farmers prefer to treat the wool as a waste product and end up burning or 
burying it. Within the last decades, wool has become an underrated, underused resource, even if it is a 
high quality fiber, used for expensive textiles.  

One of the main operational principles of sustainable development is the use of renewable 
resources of plant or animal origin. Within this context, a resurgence of interest for natural fibers and 
for their uses for clothing and industrial applications has been noticed. With increasing demand for 
sustainable materials, wool is being regarded a a renewable, sustainable, biodegradable resource, 
worthy of a better exploitation. 

 
2. WOOL AS A BIOFIBER AND RENEWABLE RESOURCE 

 
  Biofiber means a natural fiber, naturally coming from a plant or animal source, which exists in 
nature. Wool is such a fiber and its unique properties rely on its main constituent, which is the keratin.  

As a protein, keratin is made up of amino acid building-blocks, of which cystine is 
characteristic. Cystine, a sulphur-rich amino acid accounts for the disulfide bridges, which crosslink 
the adiacent macromolecules and confers toughness, resistance and insolubility to the whole assembly.  
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Wool fiber is an ordered collection of elongated cells, consisting of multiple types of keratin 
proteins. Each fiber is divided into three main areas: the cuticle, cortex, and medulla (see Fig.1). The 
cuticle is a scaly outer layer that function to protect the fiber from physical and chemical damage. The 
cortex is the major body of the hair fiber, which is composed of many spindle-shaped cells that contain 
keratin filaments. Two main groups of proteins can be found within the cortex of the hair fiber: (1) 
low-sulfur, “alpha” keratins (MW 40−60 kDa) and (2) high-sulfur, matrix proteins (MW 10−25 kDa). 
Collectively, the wool fiber consists of 50−60% alpha keratins and 20−30% matrix proteins. Keratin 
may account for up to 95% of the dry matter of a wool fiber. The alpha keratins assemble together to 
form microfibrous structures known as keratin intermediate filaments (KIFs) that impart toughness to 
the wool fiber. The matrix proteins function primarily as a disulfide crosslinker or binder that holds 
the cortical superstructure together and are also termed keratin associated proteins or KAPs .  

 

 

Fig.1: Exploded view of the various structural units of the wool fibre [3] 
 
Wool can be considered a natural polymer matrix-fiber reinforced composite, having the most 

advanced hierachical organization nature has ever produced. Every year a sheep produces one new 
fleece, making it a renewable resource. 

 
3. MAIN DIRECTIONS FOR SUSTAINABLE VALORIZATION OF WOOL 
 
Valorization of wool and other keratin-based materials have been developed in two main 

application ranges: 
- applications that make use of native fibers subjected to non-distructive, non-solubilizing 

treatments, such as cleaning degreasing , cutting, cominution; some mild, surface chemical treatments, 
such as oxidation, may be also are applied, so that the physical integrity of the fiber is not affected; 

- applications in which keratin is extracted in different forms and degradation degrees from the 
solubilized wool fiber and is used in various applications. 

The first pathway mainly makes use of low quality (coarser grades) raw wool, but also can use 
wool wastes coming thus avoiding the  landfill or burning. 

Keratin is a versatile, bioactive polymer, which became very attractive for advanced 
applications, from agriculture and cosmetics to bioplastics and biomaterials used in tissue engineering, 
regenerative medicine etc. Keratin extraction from the containing resources is a difficult task and can 
be achieved by chemical or enzymatic methods. An ideal solubilization should keep intact the peptide 
backbone and split the disulfide bond only and protect the newborn functional groups, which become 
available for subsequent reactions, by which added-value materials are obtained.  

 
4. SUSTAINABLE ACTUAL AND POTENTIAL USES OF NATIVE WOOL FIBERS 
 
4.1 Wool fibers as thermal and acoustic insulation material 
Determined not only by demand for more natural building products, but also by a surplus of 

underused wool worldwide, sheep wool is beginning to appear as a feasible building insulation 
material due to its remarcable properties [4,5]. Significant properties of wool related to the insulation 
ability , compared with other common thermal insulators are given in Table 1. 

Sheep wool offers a safe, natural, renewable and environmentally friendly insulation material. 
It is healthy as it causes no irritation to the eyes, skin or lungs and has a higher flame retardancy than 
cellulose and cellular plastic insulation. For best performances in terms of density and strength, wool 
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is used in combination with other recycled fibers, usually low density polyester, in a ratio wool: other 
fibres = 3:1. 

 
Table 1: Wool properties, compared with other common insulation materials (data from [ 4 ] ) 

Insulation 
material 

Thermal 
conductivity 

(W/m·K 

Embodied 
energy 
(GJ/m3) 

Sound absorption 
coefficient 

(500 -2000 Hz) 

Water  
absorption 
(% wt/wt) 

Sheep wool 0.037 0.11 0.77 (60 mm) [5] up to 35 % 
Glass wool 0.032 – 0.04 0.83 0.65 (100 mm) 0.2 % 
Polystyrene foam 0.033 – 0.035 3.03 0.35 (50 mm) 0.03 – 0.1 % 

 
Precautions are related to the use of certain toxic chemicals during sheep grazing, which can 

be found in wool and the use of preservatives and antirodents (that must be applied to wool to protect 
it mainly if it is used in humid conditions) with potential toxic effects on humans.  

Sheep’s wool insulation is still a new product on the market, mainly used for the so-called 
green buildings [5] but a high performance, sustainable alternative.  

 
4.2 Wool as agricultural amendment  
One of the main qualities of wool is biodegradability, which means that when buried into soil, 

the keratin biopolymer is degraded by microorganisms and releases nutrients essential to the crops.  
Wool is quite resistant to the attack of microorganisms, which are able to breakdown the 

keratinous fiber only in hydrophilic conditions. The degradation is obvious in terms of months: the 
representative functional groups of wool start to degrade and convert into biomass after 4 weeks, and 
in hydrophylic conditions, the weight loss is 33% in three months [6]. 

Because wool slowly decomposes in soil it can be used as a slow-release fertiliser, and will act 
as a source of nitrogen-based nutrients and sulfur over a much longer period than conventional 
fertilisers. Low grade raw wool or wool waste can be used as agricultural amendments, layed directly 
in the bottom of the planting pits , or addeed to the compost mixture, to improve the nitrogen content 
and water retention. Wool in non-woven form can be also used as weedmats, which initially inhibit 
weed growth but then slowly break down to release nutrients for the crops [7].  

Experiments were done to check out the fertilizing potential of wool on the growth and yield 
of tomato, sweet peppper and eggplant [8]. Layers of clean wool (10 g per 1 dm3 substrate) were 
inserted into the soil at 5 cm from the pot bottom, in order to force root penetration through wool. It 
was found that wool amendment caused changes in nutrients content of substrate and leaves and up to 
33% higher yields, especially for tomato and pepper. Addition of wool or hair waste to soil increased 
yields of basil, thorn apple, peppermint and garden sage, increased the nitrogen content in soil and in 
plant tissue, stimulated soil microbial biomass.Wool acted as a slow-release fertilizer, and only 3.3 g 
per 1 kg of soil may support two to five harvests [9]. 

 
4.3 Wool as fiber reinforcement in polymer-fiber composites 
Fiber reinforced polymer composites (FRPC) are a class of engineering materials, best suited 

for advanced applications such as automotive, civil infrastructure, packaging, disposable consumer 
products. Conventional reinforcing fibers, such as carbon or glass fibers, are expensive their 
preparation or use may be hazardous. Natural fibers can succesfully replace conventional 
reinforcement fibers and apart from using a cheap, renewable, environmentally friendly resource, they 
can impart some additional properties to the composite, such as biodegradability, low density, easy 
processability, good thermal and mechanical properties. Plant fibers, such as flax, hemp, jute, sisal, 
coir, pineapple etc. are succesfully combined with synthetic or biobased polymer matrices  

Use of animal fibers is a solution for keratinous waste disposal. Chicken fibers can be 
succesfully used to reinforce high density polypropylene, for the obtaining of composites with high 
flexural, tensile and acoustic properties. Low fibre weight content led to better enhancement of the 
mechanical properties and 1-3 % wt/wt gave the best results [10]. 

Wool has certain applications in fiber – reinforced composite materials. It is used in native 
state or after some chemical surface treatments that improve the adherence to the polymer matrix. 

Geopolymers are inorganic aluminosilicate materials that possess relatively good mechanical 
properties and thermal stability but exhibit failure behavior similar to brittle solids. Strength and 
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toughness can be improved by fiber reinforcement. New aluminosilicate inorganic polymer reinforced 
composites with an average fiber content of 5 % wt/wt were prepared from kaolinite-type clay and 
wool, previously degreased with solvents and alkalies [11]. Improvement of fiber  hydrofilicity by 
degreasing determined  a better interaction with the hydrophilic inorganic matrix, which resulted in a 
homogenous fiber distribution. The flexural strength and failure/fracture characteristics of the 
composite were improved by 40 % compared with the matrix and the thermal stability was also higher. 
Moreover, environmentally friendliness and relatively low cost make these composites potentially 
attractive for some construction applications. 

Keratinous waste from a tannery, more precisely from the hair-saving liming proces, was used 
as a filler of synthetic acrylonitrile-butadiene rubber (NBR) [12]. The hair waste was grinded, mixed 
with ZnO and added to a acrylonitrile-butadien rubber. The rubber filled with 5 % wt/wt keratin fiber 
waste exhibited increased cross-linking density of the polymer matrix, shorter vulcanization time, 
improved resistance to thermal ageing and improved biodegradability. It is expected that similar 
waste, such as wool, will induce the same effects. 

 
4.4 Wool powder 
Wool can find promising applications by powderization, when the physical state is altered but 

the macromolecule structure is intact or slightly modified. Basicly, powders from natural fibers are 
obtained by cutting into short pieces and grinding. Due to high break and elongation strength of wool 
fiber, grinding is difficult and energy consuming, so certain pretreatments are applied before grinding, 
which reduce crystallinity and break some chemical bonds, in order to promote brittleness. By fiber 
comminution, some functional groups are exposed and become available for certain interactions and 
the specific surface increases; thus, the powder gains the characteristics of an active solid.  

Wool powders can be obtained in different sizes within the micrometric range, from fine (200 
-500 µm) to ultrafine (max 15 µm) depending on the grinding process parameters. For example, Xu 
and coworkers [13] obtained ultrafine wool powder (diameter 2 µm, length 5-10 µm, needle shape), 
starting from 25 µm Australian wool, by cutting in short pieces with a rotary blade (max. 3 mm) 
applying a mild surface oxidative treatment and grinding on a ball mill. As the powder particle size 
decreased, the temperature corresponding to the crystal cleavage and the destroying of the 
crosslinkages increased to around150°C from 120°C of the control wool fiber. Higher thermal stability 

 

(a) (b) 

Fig. 2: SEM images of wool powders: (a) Merino wool ground on a rotary ceramic mill ( medium 
particle size 51 µm); (b) Merino wool ground on a rotary ceramic mill, chemically treated  by 

chlorination and milled  by air-jet milling ( medium particle size 4.5 µm) [14]. 
 

suggest that the powder can be used for high temperature applications. FTIR spectra proved that no 
significant chemical modification of the keratin macromolecule takes place and little change of the X-
ray diffraction pattern show slight change of the crystaline structure and only amorphous portions are 
affected.  

Chemical treatment and combined  milling techniques allow the obtaining of low particle sizes 
(see Fig.2) and impart new properties, such as fast uptake of anionic dyes, which was comparable to 
those of activated charcoal with specific surface 100 times greater [14].  

 
4.5. Biobased films and coatings from wool powder 
At present, fossil fuel-based or conventional plastics are in flagrant contradiction with the 

sustainable development concept, as they are obtained from non-renewable resources and, because of 
their low biodegradability, create substantial solid waste disposal issue . This problem has driven the 
development of bioplastics, a class of innovative biodegradable materials, based on biopolymers 
extracted from plant or animal renewable resources [15]. For certain applications, such as packaging 
and short service life consumer products, bioplastics will become a sustainable alternative. Keratin, 
due to hidrophobicity, cross-linking ability and due to the abundance of sources, is a promising 
candidate but  the main difficulty is related to the extraction from the keratinous source. Research has 
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been done on the use of superfine wool powder instead of solubilized keratin for the obtaining of 
biobased thermoplastic materials. Basicly, wool powder is thoroughly mixed with plasticizers and 
optionally, other syntetic or natural polymers and thr mixture is supposed to hot pressure molding.  

Wang [16] mixed wool powder having an average particle size of 1.7 with glycerol plasticizer 
at 10 % - 50% mass content and subjected the blend to a molding pressure of 1-9 MPa at 100-160°C 
for 1 – 9 minutes and thermoplastic films with acceptable properties in terms of mechanical strength, 
tensile strength, swelling capacity, water resistance and ductility were obtained. The wool powder was 
intimately embeded into a continuous phase in the cross-section and the film surface was smooth. 
Such biodegradable films can be succesfully used for food and agriculture applications. 

Ke and Xu [17] reported the obtaining of films from a blend of wool powder and chitosan, a 
polysaccharide biopolymer, by solution casting, which exhibited high affinity for a natural cationic 
dye. Incorporating natural compounds in such films can be the starting  point for novel application, in 
food technology or medicine. 

 
4.6. Wool-based environmentally friendly adsorbents for heavy metals.  
Heavy metals are present in wastewaters coming from mining, metallurgical, electroplating, 

painting, textile and leather industries. They pose serious health hazard problems even if they are 
present in concentration lower than allowable limits, due to their bioaccumulative behavior. 
Conventional methods for heavy metals removal including precipitation, chelation, ion exchange are 
expensive and have several limitations. In recent years, there was an increasing interest in using 
biobased active solids acting as adsorbents, and biosorption became a viable alternative to the 
treatment of heavy metal contamination. Keratin fibers coming from different sources (wool, hair, 
feather, hooves) have proven their binding capacity of different heavy metals (Hg, Pb,Cu, Cr) in trace 
concentration [18,19]. The adsorption capacity of the keratin fibers is improved by chemical treatment 
and by reduction of the particle size, by chopping or grinding. Chemical treatment, such as alkaline 
treatment or treatment with chelating agents is limited to the fiber surface and aims at increasing the 
density of active sites.  

Keratin fibers from chicken feathers, supposed to a alkaline ultrasound treatment proved a 
high affinity for Pb(II), Hg(II) Cu(II) and Cr(III), both in single and mixed-metal solutions [18]. The 
maximum uptake onto the keratin fibers mainly depends on the solution pH. Thus, the Pb removal is 
complete over a pH range of 4.5-5.6, while a 97.6% removal of Hg is attained at pH value of 1.9. 
Multiple elution and adsorption tests indicated that the keratin adsorbent can be  regenerated and  used  
in several treatment cycles. 

Binding of. Co(II), Cu(II) and Cd(II) on wool powders of different particle sizes over the pH 
range 3 – 9 at room temperature and ion concentration ranging from 10-3 to 10-6 M was investigated 
[19]. The optimum pH for binding of Cu(II) and Cd(II) was in the range 6–8, while Co(II) absorption 

peak was at pH 8. The rate of uptake of Cu(II)  for each of the wool powder was significantly faster (∼ 

42 fold) than that of the wool fibre. In comparison with commercial cation exchange resins, the wool 
powders showed higher (two to nine fold) metal ion loading capacity. The ability to produce large 
quantities of wool powders and their ease of handling indicate that they have potential for application 
in separation and recovery of metal ions from industrial effluents and environmental waterways. 

 
5.CONCLUSIONS 
 
Wool is one of the most valuable natural fibers, but during the last decades it has been 

surpasses by manmade fibers. This pushed down the prices paid for wool and many farmers around 
the world were forced to treat it as a waste and throw it away. At present, wool is an underrated, 
underused resource, despite  its outsanding properties related  to the textile industry. 

Sustainable development is the paradigm of the present society and one of its key principles is 
use and valorization of accesible renewable agroresources, as an alternative to depleting fossil-fuel 
resources. 
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In a time when the finding of new resources is vital to mankind survival, a revival of natural 
fibers regarded as renewable, biodegradable and sustainable resources has been noticed. 

Wool is such a resource and efforts have been made to find useful clothing and industrial 
applications, in order to resolve a waste management issue. Wool and other natural keratinous 
resources can be transformed into value-added products, through economically feasible manufacturing 
processes, which imply minimal physical and chemical transformation. 

Apart from its versatile uses to consumers and industry, natural fibres are an important source 
of income for the farmers who produce them. Natural fibre industries employ millions of people 
worldwide and are of major economic importance in some developing countries. Natural fibers 
cultivation and valorization have a positive social impact because it assures the development of rural, 
agricultural-based economy and also have a positive public perception, vs. the exploitation of non-
renewable resources. 

Use and valorization of wool and other natural fibers into added-value products is a 
contribution to the environmental, economic and social sustainability. 
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Abstract: Interest in information technologies makes also the clothing field to concern about upgrading trough 
IT implementation not only at the level of organization and management of design processes, planning 
manufacturing, but also direct using of them with aesthetic implications in visual perception. 
Interactive elements widely used in the III-rd millennium’s editions – e-books, electronic magazines, etc. may be 
applied with success also in clothes. 
As starting points for implementation of digital interactive elements on clothing products are analysis of fashion 
trends 2014-2015 considering recommended colors, aesthetic stylistic peculiarities: forms, lines, contour, 
decorative elements; materials and aesthetic characteristics: surface, touch, drawing subject, dimensions, 
assessment of personalization’s expectations of a group formed from 15 young girls passionate fans of modern 
technologies.  In order to materialize their expectations, aesthetic and technological solution of interactive 
digital elements capable to be embedded in clothes was realized with the platform Adobe Digital Publishing 
Suite.  
The survey results confirmed initial hypothesis that interest in upgrading the clothes is high, especially for age of 
14-35 years. According to the results, were developed several projects of clothes with interactive elements, 
attention being paid to conceptual and aesthetic solutions. 
Digital interactive elements applied on clothing products ensures a wide range of aesthetic solutions provided by 
a single product and their compliance with the occasion of wearing, may realize not only aesthetic functions, but 
also cognitive, informative, protective. Interactive elements may be placed in any zone, both main and small, 
decorative items. E-dress is one of the guidelines of the future offered to users. 
 
Key words: Digital interactive elements, personalization, aesthetic stylistic peculiarities. 
 
 
 

1. INTRODUCTION  
 
Interest in information technologies makes also the clothing field to concern about upgrading 

trough implementation of IT not only at the level of organization and management of design 
processes, planning manufacturing, but also direct using of them with aesthetic implications in visual 
perception. 

Interactive elements widely used in the III-rd millennium’s editions – e-books, electronic 
magazines, etc. may be applied with success also in clothes, excluding the necessity of carrying 
notebooks, digital tablets. Integrating interactive digital elements in different parts of the clothing can 
provide multifunctionality of clothing products. 

The study objective is to identify possibilities of applying digital interactive elements on 
clothing products. 
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2. UPGRADING CLOTHING PRODUCTS THROUGH DIGITIZATION 
 

Product development of smart clothing is not only fabrics performances, embedded means 
such as sensors incorporated for providing and maintaining the temperature of the human body, 
treating various chronic diseases, etc. Aesthetic aspect, especially for clothing products is as important 
as their functional properties. Because the objective of this study was not limited to the clothing 
aesthetic diversification through digital interactive elements, but also to ensure the possibility of 
information, access to Internet communication media, first it is necessary to identify aesthetic features 
as the current fashion trends (Fig.1-4). 

 
 

Fashion trends for the period  2014-2015 
 

Chromaticity [17] 

 
Fig. 1: Chromatic range recommended for the period 2014-2015 

 
Offered prints [18] 

Geometric prints 

     
Stella Jean Emma Cook Tods Prada Chanel 

Prints with curves 

     
Samuji Ache Studios Marc Jacobs Guy Laroche Rachel Comey 

 
Plaid prints 

On red On black 

     
Marc by Marc Jacobs Missoni Vivienne Westwood Marissa Webb Comme des Garsons 

Ornamental print 
vegetal ornament  eclectic 

     
Christophe Lemaire Osman Emma Cook Mara Hoffman Versus Versace 
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Prints of flora and fauna 
 

animal print 

     
Balmain Wren Tom Ford Giambattista Vall Gucci 

 
floral motives 

red on black flowers in the night 

    
Erin Fetherston Dolce & Gabana Honor Escada 

Sonia by Sonia 
Kykiel 

 
Macroprints 

mountains and trees Cartoon characters 

     
Ostwald Helgason Peter Pilotto Tracy Reese |Red Valentino Moschino 

Fig. 2: Prints recommended for the period 2014-2015. 
 

The types of materials recommended for the period 2014-2015 [18-19] 
 

    
Tweed Mohair and angora 

Classic velvet and 
corduroy 

Laces 

    

Fur 
Latex type waterproof 

fabrics 
Black leather Volatiles (chifon-veil) 

Fig. 3: The types of materials recommended for the period 2014-2015. 
 
 
 
 
 
 
 
 



 36

 
Forms of clothing products [17] 

 

     
 

Stella Jean 
 

Comme des 
Garsons 

 
Dolce & Gabana 

 
Rachel Comey 

 
Duru Olowu 

Fig. 4: Forms of clothing products. 
 

3. MATERIALS AND METHODS 
 

In order to analyze the personalized expectations a questionnaire was developed which lists 
topics with reference to the carriers’ passions, their predilection to suggest the priority concerns 
through clothing, young people's attitudes to the possibility of digitization clothing products, 
placement of interactive elements in product [1-16]. The survey extended only to a group of 15 young 
people shows a greater interest in clothes with interactive elements. Digital interactive elements were 
developed using platform Adobe Digital Publishing Suite and embedded in dresses items as additional 
elements. 
 

4. RESULTS AND INTERPRETATIONS 
 

The survey results confirmed initial hypothesis that interest in upgrading the clothes is high, 
especially for age of 14-35 years. According to the results, were developed several projects of clothes 
with interactive elements, attention being paid to conceptual and aesthetic solutions. 

Application Adobe Digital Publishing Suite has enabled the development of additional 
interactive elements shown in Figure 5-7. Interactive elements works like digital tablets. They have 
stored in its library required information useful to wearer and they are able not only to provide useful 
information but also to shape the items surface, to boost the running image, to replace an image with 
another both chromatic and conceptual.  

Possibilities offered by the interactive digital elements are manifested by: 
• spread of interactive digital content; 
• create publications without restrictions and without file size limits; 
• create applications for different platforms (Android ™, iOS и QNX); 
• monetization payment systems applications stores - sales numbers and special editorial 

edition subscriptions (Apple App Store, Android Market, BlackBerry App World); 
• access to analytical reports information via the Digital Publishing Suite; 
• integration with Adobe Online Marketing Suite (Adobe SiteCatalyst ®) based on Omniture 

® technology; 
• integration with multi-platform advertising (Medialets). 
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Fig.5: Digital element specialized in a 

specific area with embedded 3D 
element: medicine, fashion, 

mathematics etc.author:Marin 
Cucerencu 

Fig.6: Functional digital element with 
embedded slideshow element, author: 

Marin Cucerencu 
 

 
Fig.7:Digital element with embedded video, author: Marin Cucerencu 

 
5. CONCLUSIONS 

 
 Digital interactive elements applied on clothing products ensures a wide range of aesthetic 

solutions provided by a single product and their compliance with the occasion of wearing, 
may realize not only aesthetic functions, but also cognitive, informative, protective. 

 Interactive elements may be placed in any zone, both main and small, decorative items. 
 E-dress is one of the guidelines of the future offered to users. 
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Abstract: Working parameters are very important to understand the nature of electrospinning. Each of these 
parameters can affect the fibers morphologies and by proper control of these parameters one can fabricate 
electrospun fibers with desired morphologies and diameters. Jet charge density is known as one of the important 
parameters affecting the fiber diameter. To investigate the effect of the applied voltage on jet charge density, one 
must investigate its effects on the jet electric current and flow rate. There are some difficulties in measuring the 
jet flow rate. In this work, one method is used to calculate the electrospinning jet flow rate. For exemplification, 
by using a polyethylene oxide (PEO) solution in water, effects of applied voltage and feed rate on jet charge 
density is investigated. The jet flow rate is calculated applying different voltages, at different constant feed rates. 
The jet flow rate is independent of the feed rate and dependent on the applied the voltage. By defining an 
equation for dependence of jet flow rate on current, a relation between jet volume charge density and jet current 
can be defined. By measuring the electrospun fiber diameter, surface charge density of the jet can also be 
estimated. On increasing the voltage, the jet volume charge density decreases whereas the jet surface charge 
density remains unchanged. 
 
Key words: electrospinning, nanofiber, jet flow rate, jet charge density, polyethylene oxide 
 

1. INTRODUCTION  
 
Electrospinning of polymer solutions is a successful method in producing continuous fibers 

with nano diameters. 
Working parameters are very important to understand not only the nature of electrospinning 

but also the conversion of polymer solutions into nanofibers through electrospinning. These 
parameters can be broadly divided into three parts such as solution parameters, process parameters, 
and ambiental parameters. Each of these parameters can affect the fibers morphologies and by proper 
control of these parameters one can fabricate electrospun fibers with desired morphologies and 
diameters. 

There are many reports on the effects of the process parameters, such as applied voltage, on 
electrospun fiber diameter, but they are inconsistent and sometimes antithetical [1],[2],[3],[4]. For 
example, it was demonstrated that there is not much effect of electric field on the diameter of 
electrospun polyethylene oxide (PEO) nanofibers [5]. Several groups suggested that higher voltages 
facilitated the formation of large diameter fiber. For example, there were investigated the effects of 
voltage on morphologies and fiber diameters distribution with poly (vinyl alcohol) (PVA)/water 
solutions as model [6]. Several groups suggested that higher voltages can increase the electrostatic 
repulsive force on the charged jet, favoring the narrowing of fiber diameter. For example, there were 
investigated the effects of voltage on morphologies and fiber alignment with polysulfone 
(PSF)/DMAC/acetone as model [7]. In addition to those phenomena, some groups also demonstrated 
that higher voltage offers the greater probability of beads formation [8][9][10]. Thus, one can say that 
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voltage does influence fiber diameter, but the level of significances varies with the polymer solution 
concentration and with the distance between the needle tip and the collector [11]. 

On the other hand, the jet charge density is known as one of the important parameters 
affecting the fiber diameter [12][13]. It is shown that the fiber diameter decreases when the charge 
density increases [2]. 

According to the conservation of mass and conservation of electric charge, the following 
equation can be writen for an electrospinning jet [12][14]: 

rQ

I

j

2
            (1) 

The ratio of I to Qj is known as the jet volume charge density (). It is possible to measure the 
jet electric current during the electrospinning process through putting an electrical resistence in series 
between the collector and the ground [14][15]. 

In the work reported here, by measuring the jet current and jet flow rate, the jet charge density 
is calculated. By using PEO solution in water, effects of applied voltage and feed rate on jet charge 
density is investigated. 

 
  2. EXPERIMENTAL 
 

PEO powder with a molecular weight of 4 x 105 g/mol was dissolved in distilled water at 
ambient temperature for about 12 h. The concentrations were 5, 7, and 10 wt %. 

The electrospinning device was assembled in our laboratory. A syringe with a stainless steel 
needle was used. The needle dimensions were internal diameter of 0.2 mm and length of 3 cm. The 
needle was connected to the positive electrode of a high voltage power supply. The high voltage 
power supply consisted of a flyback transformer salvaged from a cathode ray tube monitor and 
modified for this purpose. The modified transformer could generate output voltages between 10 and 
30 kV. The collector was a metal plate connected to ground. The solution was fed at a constant 
volumetric flow rate using a syringe pump. The syringe pump was designed in our laboratory and 
consisted of a 24 V Mabuchi C2162-60006 DC motor coupled to a 1:3025 gear, an optical quadrature 
encoder feedback and an Infineon Hexagon application kit for control. The distance between the 
needle tip and collector was 15 cm. The jet current was measured as a voltage drop across a 10 M 
resistor placed in series between the needle and the ground. The voltage drop was sampled with a 
digital data acquisition with a sampling time of 10 ms. Solutions of 5 wt %, 7 wt % and 10 wt % PEO 
in water were used at room temperature, with feed rates of 0.5, 1, 1.5, 2, 2.5, 3 mL/h while applying 
different voltages between 10 and 30 kV. The morphology of the electrospun fibres can be observed 
using SEM. For each sample, the average diameter of the individual fibers can be measured from 
multiple magnified SEM images. The result for each sample can be reported as an average value and 
confidence interval, from several hundred measurements. 
 

3. RESULTS AND DISCUSSIONS 
 

To understand how to measure the jet flow rate, first one must be familiar with the jet regimes 
and their electrical current curves. In previous works [1], it has been shown that in a horizontally lain 
electrospinning set up, at a constant feed rate and different applied voltages, two jet regimes can be 
observed; they are stable jet and fluctuating jet regimes. 

A solution of 10 wt % PEO in water was used at a constant feed rate of 0.5 ml/h, while 
applying different voltages between 10 and 30 kV, and the jet current was measured. Fig. 1 shows a 
model for jet current vs. time at different voltages. At the voltage of 15.5 kV and above, the process is 
in the fluctuating regime. 

 
Fig. 1: Model for jet current vs. time at different applied voltages. 

(a) Model for jet current vs. time for stable jet regime (b) Model for jet current vs. time for fluctuating jet regime 
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In the stable jet regime the jet flow rate is less than the syringe pump feed rate, so not all the 
solution transferred by the pump to the needle tip is carried away by the jet to the collector. In this 
regime the resulted jet is continuous. 

In the fluctuating jet regime the jet flow rate is more than the syringe pump feed rate and the 
whole solution transferred by the pump to the needle tip is carried away by the jet to the collector. In 
this regime the resulted jet is not continuous. 

Between this two regimes there is the so called quasi stable point, in which the jet flow rate is 
equal to the syringe pump feed rate. 

A solution of 10 wt % PEO in water was used at constant feed rates of 0.5, 1, 1.5, 2, 2.5 and 3 
ml/h, by applying different voltages between 10 – 30 kV. In each experiment, by increasing the 
voltage and investigating the current graphs, one can identify the quasi stable points [16]. 

 
Fig. 2 : Jet flow rate as a function of the applied voltage at different feed rates. The points on the graph 

represent the quasi stable points. The curve shows the power-law fitting to the data based on the least squares 
method. The fitted equation is shown. 

 
Fig. 2 shows power-law dependence between the jet feed rate and the applied voltage as: 

119.3000075.0 VQ j           (2) 

If one cannot measure de voltage precisely, then a power-law dependence between the jet feed 
rate and the current must be taken into account, from the calculations above, as in equation (3): 

)(IfQ j             (3) 

Volume charge density is usually defined as: 

jQ

I
            (4) 

By calculating the volume charge density and measuring the jet diameter, the surface charge 
density can also be calculated: 

2

r             (5) 

The jet diameter was estimated by the following equation [15]: 
5.0 Crr f            (6) 

where rf  is the electrospun fiber diameter, and C is the weight fraction of the polymer in the solution. 
Fig. 3 shows the applied voltage, jet current, fiber diameter, jet surface and volume charge 

density, for a solution of 10 wt % PEO in water. 
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Fig. 3 : The measured and calculated parameters for a 10 wt % solution of PEO in water. 

(a) Jet current as a function of the applied voltage (b) Fiber diameter as a function of jet current 
(c) Volume and surface charge density as a function of jet current 

 
  4. CONCLUSIONS 
 

Using polyethylene oxyde solutions in water at different constant feed rates, the jet electrical 
current is investigated in the real time. Using the real time current graphs, the jet flow is calculated and 
its variations against applied voltage and jet current are investigated. The jet flow rate is independent 
of the feed rate and the volume charge increased when increasing the voltage.One equation is defined 
for dependence of the jet flow rate and the volume charge density on the jet current. Volume charge 
density of the jet decreased when increasing the applied voltage. 
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Abstract: The present study deals with the biomordant assisted application of natural extracts obtained from red 
raspberry (Rubus idaeus L.) fruits onto two different cellulosic supports – flax and bamboo. The study relies on 
the improvement of multifunctionalities such as colour fastness, washing and rubbing fastness, due to the 
synergism provided by the co-assistance of both a biomordant, and the complex resulted by inclusion of the 
pigment molecule, in the cavity of MCT-β-CD; it is well known that natural dye molecule have a good selectivity 
binding to the hydrophobic monochloro-triazynil-cyclodextrin’s (MCT-β-CD) cavity to form inclusion 
complexes. An investigation system provided the characterization of the composites: FT-IR spectroscopy 
stressed the main chemical bonds created between MCT-β-CD as host molecule and guest molecule represented 
by natural colorant molecule; Brunauer-Emmett-Teller (BET) Surface Area Analysis completes the analysis, 
proving the positive contribution of MCT-β-cyclodextrin grafting. Dyeing fastness and colour modifications were 
conclusive for this research. Samples of bamboo knitting are less colorful than those of the flax fabric in terms of 
high absorption capacity and stability / durability of natural dye applied by inclusion within cyclodextrin’s 
inner. The results of analysis revealed improvement of washing and rubbing fastness (1-1.5 points). Colour 
modifications noticed due to the colorant deposition were quantified from  up to 3 points.  
 
Key words: flax fabrics, bamboo knitted fabric, natural extract, fastness properties, colour difference  
 
 

1. INTRODUCTION 
 

Starting from the idea of promoting eco-textiles’ innovation and sustainability, new reliable 
solutions have been searched for textile industry, by using anthocianin extracts, having the main role 
in dyeing of textile supports. Unlike the production of synthetic dyes application which requires the 
use of toxic and hazardous materials as well as conditions like strong acids, alkalis, solvents, high 
temperatures, and heavy metal catalysts, natural dyes do not produce environmental stresses.  

Flax fibers supports were dyed with natural anthocyanin-based pigments, being subsequently 
underlined the synergic effect given by the co-assistance of both a biomordant, and the complex 
resulted by inclusion of the pigment molecule, in the cavity of  MCT-β-CD. Taking into account the 
previous studies having the same topic, it is assumed that the binding between anthocyanin molecules 
and host cyclodextrin is barely fixed, being a dynamic equilibrium. Two main elements could 
contribute to the binding resistance: the compatibility between the host-guest to form a complex, as 
well as the specific local interactions between surface atoms [1]. 

As an alternative of natural dyeing by inclusion, the occurence of a biomordant can constitute 
another reliable and eco-friendly way in the technology of dyeing of natural fibers supports. 

Technically, the novelty of this study, compared with the results previously achieved is the 
addition of a new support made of bamboo fibers, on one side, and a new extract coming from red 
rasberries. It is well known that these fibers provide excellent performance to textile items, such as: 
antibacterial, antifungal, UV protection, IR absorbtion and good water absorbion properties [2,3]. 
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These above-mentioned properties can be potentially completed by the natural pigment used for 
dyeing by enhancing the coloration [4] 

Taking into account the the previous researches regarding the anthocyanin extracted from 
other fruits [5], this present paper refers to utilizing red raspberry extract, although it contains lower 
anthocyanin contents compared to other similar extracts from blueberry, bilberry, blackberry or red 
onion skins.  

 
2. EXPERIMENTAL SECTION 

 
Extraction of anthocyanins was done in 70% ethanol solution from selected samples of red 

raspberry (Rubus idaeus L.). The total anthocyanins content spectrophotometrically determined was 
found of 31.54 mg 100g-1 FW (fresh weight). Hydroethanolic anthocyanins extract from red raspberry 
has been used for the dyeing technologies here investigated. 

The pretreatment was made by grafting procedure by padding (impregnation-squeezing)-
drying- curing, according to the previous dyeing receipes with anthocyanin extracts from bilberry, 
blackberry or amarena cherry [5]. Both flax and bamboo fibers fabrics were immersed in a solution 
containing 50 g/l of monochlortriazinyl-β-cyclodextrin.  

In this work, 100% flax fiber fabrics and 100% bamboo fiber knitting were dyed with 
raspberry extract by exhaustion procedure meaning an immersing of the textile supports in dye bath 
for about 60 minutes at 80°C at 1:30 liquor ratio with 1% solution of anthocianin dye and 1% citric 
acid (CA). 

The descriptions of the studied samples can be specified: F-Reference flax fibres support; F-
MCT-ß-CD- Grafted flax support with MCT-ß-CD; sample 1-Non-functionalized flax fiber support 
dyed by exhaustion procedure with 1% raspberry extract; sample 2- Non-functionalized flax fiber 
support dyed by exhaustion procedure with 1% raspberry extract and 1% citric acid; sample 3-
Functionalized flax fiber support with MCT-β-CD dyed by exhaustion procedure with 1% raspberry 
extract; sample 4-bamboo knitting support dyed by exhaustion procedure with 1% raspberry extract; 
sample 5- Bamboo knitting support dyed by exhaustion procedure with  1% raspberry extract and 1% 
citric acid. 

The structure and properties of the raspberry extracted anthocyanin dye-MCT-β-CD-flax and 
bamboo support composite were studied by nitrogen adsorption-desorption isotherms (BET analysis), 
FTIR spectroscopy and finally the colorfastness testing measurements completed this study. 

For the colour measurement of dyed samples, Datacolor 110 Spectrophotometer, under 
standard D65/100 illumination conditions was used. Washing and rubbing strengths were performed 
according to specific standards, using Crockmaster 760 laboratory equipment. 

 
3. RESULTS AND DISCUTIONS 

 
In Fig. 1, the role played by the biomordant is well stressed by the spectrum ascribed to 

sample dyed with the assistance of citric acid solution. Thus, the stretching band at 
1625 cm−1 attributed to the C=O in the dissociated carboxylic acid, makes the difference while 
compared with the non-dissociated species whose stretching occurred at 1730 cm−1 [6]. 
 

 
 

Fig. 1: FT-IR spectra for flax fiber supports dyed with 1% raspberry natural extract. 
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Nitrogen adsorption/desorption isotherms have been used to characterize the textural properties 
of the studied materials Fig.2. 

 
 

 
Fig. 2: The nitrogen adsorption/desorption isotherms of the inclusion compound (MCT-β-cyclodextrin-as host 

and anthocyanins natural dye as guest molecule). 
 
  BET method requires dehydrating the cellulose fibers at 120°C, under vacuum, having as 
consequences the elimination of intramolecular  water molecules and collapsing of cellulose chains. 
This explains the small internal surface area of cellulosic fibres, completely inaccessible to the 
nitrogen molecules. As the result, the adsorption branch overlapses at least one point with the 
desorption branch. According to the BET isotherm and compared to the previous studies, the inclusion 
complex is not so well defined. 

The colour differences between fruits, flowers and vegetables depend on the nature and 
concentration of the anthocyanins they contain. The colour changes in case of both flax samples dyed 
with the assistance of citric acid as biomordant, and for samples dyed by inclusion of the natural 
extract molecule within the hydrophobic cavity of MCT-β-cyclodextrin, revealed colour differences 
pretty high, as well as the colour darkening for some of the samples. ∆E* occurs within the acceptable 
range.  

The colour measurements were made having as reference the non-grafted and dyed samples. 
In the same time, a comparison between flax fabric and bamboo knitting was necessary, in order to 
set-up the intensity of dyeing with natural pigment, in terms of fibrous composition of the support. 

 
Table 1: Colour measurements and colour fastness values for flax and bamboo samples dyed  

with raspberry (Rubus idaeus L) anthocyanin extract 
Textile 
sample 

∆L* ∆a* ∆b* ∆C* ∆H* ∆E* Washing 
fastness 

Rubbing 
fastness 

 
Reference flax 
sample, dyed 
Sample 1 
 

- 
 
 

0.220 

- 
 

 
0.316 

- 
 

 
-0. 517 

- 
 

 
0.371 

- 
 

 
-0.479 

- 
 

 
0.645 

 

3 3 

Flax sample, 
dyed with the 
assistance CA 
Sample 2 

-1.250 
 
 

-0.803 

1.058 
 
 

1.314 

1.889 
 
 

-1.587 

0.967 
 
 

1.138 

1.937 
 
 

-1.717 

2.500 
 
 

2.211 

3-4 4 

MCT-β-
ciclodextrin 
grafted  flax 
sample, dyed 
Sample 3 

-3.128 1.477 2.317 2.413 1.313 4.163 4-5 5 
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Reference 
bamboo 
knitting, dyed  
Sample 4 

- 
 

 

- - - - - 3 3-4 

 Bamboo 
knitting 
sample, dyed 
with the 
assistance CA 
Sample 5 

-0.226 0.060 2.958 0.200 2.952 2.967 4-5 5 

 
Following the colour measurements, average colour changes were noticed: 

-  the sample dyed with mordant is darker and redder and little bluer compared to the sample dyed 
without the assistance of  biomordant;  
- the flax fabric is slightly less red and blue compared to bamboo knitting sample;  
- the flax fabrics dyed in presence of the biomordant, are darker and redder and little yellower, than the 
knittings made of bamboo fibres; 
- the samples grafted with MCT-β-cyclodextrin and then dyed  have the highest colour intensity, as 
well as improved washing  and rubbing strengths. 
 
  4. CONCLUSIONS 
 

The results of the present study show the relevance of using the raspberry anthocyanis extract 
in the cyclodextrin pretreatment version but with the assistance of citric acid as biomordant. Inclusion 
of raspberry anthocyanins in the cyclodextrin compound was shown from the FTIR analysis, rather 
than BET analysis, proving the positive contribution of MCT-β-cyclodextrin grafting. The colour 
changes as well as the fastness are quantificable (2-3 points) for samples pretreated with cyclodextrin, 
and the bamboo knitting dyed in the presence of citric acid. It is imperative to continue such 
researches in this direction in order  to demonstrate the potential positive impact for the strategy of 
textile eco-development and the economic benefit of using natural extracts dyes. 
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Abstract: With industrial progress, the advancements in garment manufacturing have evolved from cut & sew to 
complete garment knitting, which produces one entire garment without sewing or linking process. Seamless 
knitting technology is similar to sock manufacture, the specialized circular knitting machines producing 3 
dimensional garments with no side seams, with the waistband integrated with body of the garment and with 
knitted washing instructions and logos. The paper starts by presenting the main advantages of seamless 
garments but also some limitations because the technology. Because for a seamless garment, which is realised 
as a knitted tub, is very important to ensure the required final chest size, it was presented the main components 
involved: the knitting machine, the garment design and the yarns used. The knitting machines, beside the values 
of diameters and gauges with a great impact on the chest size, are characterised by a very innovative and 
complex construction. The design of a seamless garment is fundamental different compared to garments 
produced on a traditional way because the designer must to work backwards from a finished garment to create 
the knitting programme that will ultimately give the correct finished size. On the end of the paper it was 
presented some of the applications of the seamless products that cover intimate apparel and other bodywear, 
outwear, activewear and functional sportswear, upholstery, industrial, automotive and medical textiles. 
 
Key words:  seamless products, advantages, design, yarns, applications. 
 
 
 

1. INTRODUCTION  
 
Seamless knitting is a relatively new technology, developed from technology used to make 

socks, when a body panel is ejected immediately after knitting. In traditional “cut make and trim” 
(CMT) [1] a circular knitting machine knits a continuous tube of fabric, which is subsequently dyed 
and then slit to make an open width fabric. This fabric is multi-layered on a cutting table and the 
pattern of the garment would be placed on top and cut around; the individual panels would be cut from 
the layered fabric. The garment is assembled from the cut pieces. As this type of garment is sewn 
together every join has a seam. The seamless technology can directly produce nearly finished 
products/garments, with no side seams, and lessens traditional process of the production. By 
eliminating the fabric cutting and sewing process, there is an optimisation of the production process, 
making seamless production a lot faster then conventional. So, this technology can reduce the 
traditional process of the production costs up to 40% compared to that of traditional knitting [2]. There 
is also a fewer product failures since most errors, since most of the garment failures are due to seam 
failure, which translated in better quality pieces.  

  
  2. SEAMLESS GARMENTS VERSUS CUT AND SEW GARMENTS  
 
 Seamless garments, compared with cut and sew garments, offer a large number of advantages, 
bur there are also some limitations because of the technology. As advantages [1], [2] there are: 

- higher comfort and better fit to consumers by eliminating seams; 
- soft handle;  
- nearly invisible under clothing;  
- no waistband or side seam failures;  
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- knitted-in crotch in panties giving additional comfort;  
- stretch and recovery can be engineered to reduce chaffing;  
- waistband is integral with body of the garment;  
- washing instructions and logos can be knitted into the waistband (Fig.1), using 

polypropylene yarns, which give perfect wash fastness under any condition; 
 

 
Fig. 1: Waistband knitted together with logo and washing instructions, using polypropylene yarns 

 
- reducing on minimum the cutting and sewing processes result in a substantial saving in 

cost time,  higher productivity, fewer machines required, and just-in-time production; 
- comparing to traditional production methods, were the fabric is the starting point for most 

garments, fabric being dyeing, patterns cutting (Fig.2)[3], and then pieces sewing 
together, on seamless production result almost finished knitted products. The specialised 
circular knitting machine can makes the entire product in few minutes and save up to 40% 
of the original fabric that may go as waste or cut-loss in the conventional method; 

- automatically knits components like waistband. 
 

 
Fig. 2: Conventional method – the patterns for the product are cut out from the fabric 

 
As limitations, because of the technology, there are: 
- garments that can be made by cut and sew methods cannot always be translated exactly 

into a seamless garment. When designing a seamless garment it must to work backwards 
from a finished garment to create the knitting programme that will ultimately give the 
correct finished size. This is difficult because a seamless knitted garment changes size 
from the minute it is knitted and the degree of shrinkage has to be controlled at all stages. 

- a seamless knitting machine produces garment blanks instead of rolls of fabric and 
corrections are almost impossible after knitting; 

- any fabric defect results in garment rejection; 
- seamless garments have poor counter appeal, resulting wrinkled when relaxed;  
- garments look smaller than indicated size and that required a mannequin presentation in 

store;  
- relaxed size variation is higher than at cut and sews garments.  

 
3. SPECIFIC ELEMENTS REGARDING SEAMLESS TECHNOLOGY 

 
 Because the seamless garment is knitted in the form of a tube, first of all is important to ensure 
the required final chest size, in which are involved the knitting machine (a combination of machine 
gauge, machine diameter and knitted structures), the garment design and the yarns used.  
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 3.1. Knitting machine  
 Circular knitting machines used for making seamless garments are based on programmed 
computer commands that allow a variety of different stitches, for example a jersey knit, a mesh knit, a 
rib knit or a jacquard knit can be placed side-by-side in a single garment and also can combine 
different textures and levels of compression. 
 The main characteristics of seamless circular knitting machines [4] are: 

 the capability of individual needle selection, which is programmed electronically by the 
programmer; 

 the knitting on three technical ways – by individual needle-by needle selection; 
 stitch formation adjustment by using step-by-step motors, with the possibility of loop 

widening, tightening and shading on the same course; 
 three transfer position from the dial to the cylinder; 
 knitting mesh areas anywhere on the garment including diagonally aligned holes and 

extremely small mesh; 
 they allow the production of different stitches such as rib, net, jacquard, piquet, stripes, lace 

etc., as well as pre-shaped structures such as hidden reinforcement, pockets, collars and 
hoods;  

 knitting double face fabrics using two different yarns – polypropylene yarns on the inner 
layer, that ensures better protection and maintenance of natural body temperature, and long-
staple cotton fabrics on the outside, that keeps the skin perfectly micro-climate controlled, 
releasing body moisture and keeping the skin dry.  

 As diameters, the generally aviable values are 12”,13”,14”, 15”, 16”, 17”, 18”, 19” and 20”, 
and as gauges, aviable are 16, 22, 24, 26, 28, and 32 npi., the most common being 28 gauge. Because 
machine diameters increase in 1 inch (2.54 cm) that generally increments the chest size, and many 
buyers require small, medium, large, extra large and sometimes extra extra large products, that 
imposed to the producer to own five different machine diameters.  
 
 3.2. Garment design  

The way the seamless garment is designed and how the final size is obtained is fundamental 
different compared to garments produced on a traditional CMT route. The designer of a seamless 
garment must to work back from a finished product to arrive at a knitting specification, because an 
original undyed garment can have dimensions 10-35% larger than the finished garment [1]. The 
customer must offers a full detailed specification to minimize rework, because any minor change such 
as leg opening or side length can affect other dimensions and a new sample is required. More, errors to 
dimensions cannot be corrected at a later stage; therefore a great deal of attention must be given at 
programming stage to ensure the garment is correct. The cutting lines, which are knitted into the tube, 
must be modified each time a change of dimension is required by the customer. 

A programmer is generally given a finished garment and from this has to predict the 
measurements at knitting that will give the finished dimensions. The beginnings steps are:  
- analyse the yarn types used in the garment.  
- check the g/m2 of the fabric.  
- measure all relevant dimensions of sample supplied.  
From this information the programmer will select an appropriate diameter of knitting machine, based 
on previous experience with this yarn combination, to give the required chest size. To verify this, a 
knitted tube in the correct knitting structure would be dyed and from the measurement information on 
garment shrinkage from knitting, autoclaving and dyeing would be able to predict the appropriate 
knitting machine diameter. 

In the cost of seamless garments, a significant factor is the cutting waste. This waste is 
negligible compared with cut make and trim (CMT) garments, because in seamless knitting a body 
blank in the form of a tube is made to the required body width. Waste factors vary depending on the 
garment, that waste comprises knitting overheads plus full yarn cost. Typical waste values that can be 
expected are as follows: thong - 54%, panty - 25%, camisole - 9%, T-shirt - 5%. In Figure 3 the 
chevron line indicates the amount of waste generated in the camisole, the thong and bikini panties, the 
two last garments showing a pre-dyed cotton gusset knitted in. To reduce waste factors seamless 
machines are available to manufacture shaped garments utilizing a reciprocating cylinder. 
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Fig. 3: The amount of waste generated in the camisole,  thong and bikini panties 

 
3.3. Yarns used in seamless garments 
Usually, seamless garments used the plating technique, where two yarns are fed through a 

needle at the same time: a yarn appears on the side of the fabric in direct contact to the skin, and the 
other yarn appears on the external side of the fabric. Yarns choice is extremely important in seamless 
knitting.  

The inside yarn. In addition to garment size (a lighter fabric using finer yarns requires an 
increased machine diameter for the same chest size) and weight per square metre, the fineness of the 
individual filament largely determines the handle or “feel” of the garment.  There are a large variety of 
yarn counts available to the seamless knitter to give different fabric weights and handle. The diameter 
of the individual filaments of the yarn determines the handle (softness) of the fabric, most seamless 
garments being made from microfibres filaments, which gives a soft handle. There are a large variety 
of yarn counts available to the seamless knitter to give different fabric weights and handle. Special 
yarns such as cationic dyeable, deep dyeing or melange yarns enable a variety of colour effects during 
garment dyeing. A trend in developing seamless products is to use more natural fibres such as wool or 
well-being and comfort yarns such as Cupron and Cocona [4] which is derived from the byproducts of 
coconuts and is designed to improve wicking by expanding the fibres of the fabric over a large surface 
area, fibres that offer natural anti-bacterial and anti-odour capabilities, enhanced ventilation, natural 
UV and skin soothing properties. 

The outside yarn is the bare spandex or covered yarns. Spandex or elastane is the key to the 
comfort and fit of seamless garments. Generally the spandex content of seamless knitted goods lies 
between 3-20% of the total fibre content. There is a direct relationship between the elastane 
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component and the chest or waist size for a given diameter of knitting machine. A high power elastane 
will give a smaller chest size and shorter body length for the same number of courses knitted. The 
effect of using spandex is to “cram” the yarns in the knitted structure, making it tighter with an 
increased cover factor.  

The stretch yarns available to the knitter are (Fig.4):  
a) Bare spandex (elastane).  
b) Air covered yarns.  
c) Single or double covered yarns  
 

 
Fig. 4: Covered yarns 

 
In one seamless garment can be combined different fibres with different benefits and performance 
aspects, giving mesh areas, opaque areas, creating ventilation areas, comfort zones and variegated 
compression in the same garment. 

 
4. APPLICATIONS OF SEAMLESS PRODUCTS 

 
 The seamless technology is not only replacing traditional knitting but is also replacing 
anything stitched or with seams, and cover trends from the very chic, the technically-sporty and the 
casual, to the more practical and basic needs. Seamless products are being used for a variety of 
applications [5], [6] as they offer numerous benefits to the user. 

Intimate apparel 
Intimate apparel produced on seamless machines blend comfort, fit and versatility. They are 

seam-free, easy-care, silky-smooth garments that feel similar to one's second skin and are designed to 
be worn under today's fluid, lightweight apparel.   

Protective textiles  
On the market are available seamless filament-knit gloves and apparel.  They are lightweight, 

flexible and comfortable for workers in the electronics, food-handling, paint, plastics and other high 
precision business sectors which require high levels of safety in addition to contaminant-free 
cleanliness. 

Sports textiles  
Seamless apparel construction focuses on:  

- supporting muscles and areas where they need it the most; 
- moisture management for evaporation of perspiration 
- compression areas that offer both body support and better temperature management 
- padding thicknesses for greater body protection while still maintaining the all important moisture 

and temperature management requirements 
- venting to remove heat from specific areas 
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- thermal pockets strategically placed to trap body heat, again in specific areas 
-     an engineered fit and micro massaging features by blending of various technical fibres and yarns. 

A diverse range of products such as gloves, hats, and socks are some of the more obvious 
applications.  Swimwear also offers exceptional fit through the use of elastic and quick-drying yarns. 

Sports bra features heart sensing technology 
A new seamless heart-sensing controlling sports bra is offered on the market.  It is designed to 

give greater support during high impact sports.  Textile electrodes are knitted into the bra and stretch 
and move with the wearer, maintaining contact with the skin and sensing the heart's electrical 
pulses. Dr.Rita Paradiso, Ph.D., Research Director of Smartex, Italy, explains: “Conductivity is the 
main property being exploited and for our applications, knitted technology is the right one, because we 
need different domains within the fabric structure with different types of yarns.  We have to decide in 
which places we need to put the conductive yarns and where background yarns are used, because the 
values of resistance change depending on their position.  Of course, we need a garment which fits like 
a ‘second skin' because the bio-electrode is in direct contact with the skin."[3] 

Medical textiles   
The onset of seamless technology in the medical arena has led to advantages for those times 

when the body needs it most.  By example tubular dressing is a light-weight tubular bandage ideal for 
dressing retention and for covering the skin in any area of the body.  It is manufactured from viscose 
with very fine elastane threads knitted into the fabric radially and longitudinally to provide a light 
elasticity.  Because of this tubular construction, bandages are particularly suitable for holding 
dressings in place on difficult areas of the body.  The tubular bandages hold dressings securely, 
without constriction or compression. The light elasticity promotes freedom of movement. An other 
example is the tubular rib fabrics of small diameters. Due to their compressive effect, they are 
commonly used to close and secure the sleeves of surgery uniforms, optimising their capacity to close 
and avoing the dispersion of micro-organisms arising from surgery. Wellness applications, massaging 
properties and shapewear that offers support pre/post surgery provide the ability for improved 
recovery. These types of engineered garments offer preventative measures to delay and/or avoid 
certain medical procedures.  
 
 5. CONCLUSIONS 
 

The introduction of the Seamless product has revolutionized the global production process, 
allowing the knitting of ready-made apparel, very different from cut & sews classical process. The 
seamless concept spread all over the world with a surprising quickness because it allows to get to the 
finished garment in a few minutes starting from the yarn and without passing through cutting and 
sewing operations, it offers savings in terms of production times and cost, and it minimizes yarn 
consumption. Starting with intimate apparel and other bodywear, today seamless technology has 
emerged into areas such as fashion, outwear, activewear and functional sportswear, upholstery, 
industrial, automotive and medical textiles.  
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Abstract: Using thermal insulation in negative temperature acts to reduce heat flow to the cooled space or to 
objects that have a temperature below ambient temperature. To achieve economic operation of the space to be 
cooled insulation thickness and quality is an important factor. In this article we want to compare three products 
used in thermal insulation at negative temperatures: expanded polystyrene, non-woven and wool coats. The 
materials will be tested with a mechanical vapor compression refrigerator capable of producing temperatures in 
the range +4 .. -35 ° C, managed by a programmer Dixel capable of recording  values between +40. .. -60 °C. 
Refrigeration insulation enclosure was made with 100 mm expanded polystyrene. On one side of the enclosure 
will be a cut of 250 * 250 mm, chosen in a central position where the  material will be introduced to be tested. 
The dimensions of the samples are 250 * 250 * 60 mm.    
To check the insulation properties of materials it will be used a temperature logger capable of recording with 
two probes temperatures between +125...-40° C. One of the probes will be inserted inside the refrigerator and 
the second probe will be positioned to the outside of the test material adhered to an aluminum plate, in order to 
read a average temperature. The difference in thickness of the insulation shall be filled with non-woven material. 
Hardening the assembly will be made using a 6 mm thick OSB board. The materials will be tested in an identical 
ambient temperature and humidity. 
 
Key words: refrigeration cycle, heat flux, air, vapor barrier, thermal conductivity coefficient 
 
 
 

1. INTRODUCTION  
 

According with the the second principle of thermodynamics, heat pass by itself from the body 
with higher temperature towards the body with lower temperature. Thermal insulation is intended to 
minimize this process, as a result the insulation does not reduce the total passage but only decreases it. 

In practice, two situations may occur: 
- thermal insulation, where temperature of the thermodynamic system is higher than the 

outside ambient temperature, for thermal machinery and equipment; 
- refrigeration insulation, where the temperature of the thermodynamic system is smaller than 

the outside ambient temperature, for refrigeration system; [1] 
This paper treats the second situation, refrigeration insulation. The heat can propagate in three 

distinct ways: conduction, convection and radiation [2]. 
Heat transfer through insulating materials occurs by conduction, while losing or gaining heat 

from the environment to insulating material occurs by convection and radiation. 
Insulating materials that have a low coefficient of thermal conductivity are those materials 

having in the composition a large proportion of small air gaps or a certain gas. These gaps must be 
small enough not to may occur convection and radiation and thus reduce heat transfer [3]. 

Insulating materials are divided into two categories: 
- Natural, such as asbestos, mica, earth; 
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- Industrial, obtained from industrial processes such as glass wool, rock wool, polystyrene, 
polyurethane foam, cork tiles, wood fiber plates [4]. 

Some of the conditions that must fulfill insulating materials that are used in refrigeration 
technology are: 

- Low thermal conductivity; 
- Reduced hygroscopicity; 
- Reduced vapor permeability; 
- High resistance to frost; 
- Have no smell; 
- Have no nutritive value for insects and rodents; 
- Mechanical resistance; 
- Long life [5]. 

The most representative materials used in refrigeration technique are cork, polystyrene, 
polyurethane foam, R13. Refrigeration insulation also involves using other materials such as: support 
for attaching the insulation, vapor barrier foil, mechanical shock protection, paint applied with 
corrosion and aesthetic role. 

Whatever the purpose of using cold insulation, a vapor barrier should be installed having the 
role to limit the entry of water vapor. The phenomenon of migration of water vapor from the 
environment occurs due to the temperature or humidity difference between the cold surface and 
environment temperature. Not to be confused condensation with water vapor in the air, there are 
materials that are water resistant, but not resistant in the passage of water vapor from air. All 
insulation materials used in refrigeration have some degree of penetration of the water vapor from air, 
if penetration it is not prevented then this vapors will enter the material, where they condense when 
dew point temperature is reached or will form ice crystals which will lead, in time, the destruction of 
insulation. Therefore, vapor barrier plays an important role in the cold insulations. It is applied on the 
warm side of the insulation and must have a great attention at installation, for not being damaged. For 
choosing the vapor barrier will keep in mind data provided by producer about permeability of the 
material used, fire resistance performance of vapor barrier not to affect the entire assembly of 
refrigeration insulation and a possible scenario for its replacement if it is damage. A possible 
deterioration of the vapor barrier will lead to poor performance of cold insulation or even the 
destruction over time. 

Condensation can occur when warm insulation surface drops below the dew point temperature 
of the environment. Condensation on the warm side of the refrigeration insulation, which has installed 
vapor barrier, does not affect the quality of insulation, but is a phenomenon that should be avoided by 
a proper calculation of the thickness of the insulation. When sizing the thickness of insulating material 
must consider the relative humidity of the environment or its approximation as accurately as possible. 
For selection of insulating material must consider its destination, and it is recommended to consult 
even the producers [3]. 
 
  2. GENERAL INFORMATION  
 
  2.1 Experimental aspects 
             Testing of insulating materials used in this paper will be done with a mechanical vapor 
compression refrigerator, capable of producing temperatures in the range of +4 ..-35 °C.  

This instalation is controlled by a Dixel programmer equipped with PTC 1000 probe, capable 
of recording  temperature values between +40 .. -60 °C. Refrigeration insulation enclosure is made of 
100 mm thick polystyrene. 

 

 
Fig. 1: Refrigerator used for experiments 
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Materials used for experimentation are expanded polystyrene, non-woven material (made of 
recycling) and layers of wool (turcana). 

 

 
                                                        a)                               b)                           c)   

Fig. 2: Insulating materials used in the experiments (a- polystyrene, b-nonwoven material,  
c-layers of wool) 

 
Apparent density for each material is 15 kg/m³ for expanded polystyrene, 68 kg/m³ for 

nonwoven and 33.5 kg/m³ for wool. Samples will measure 250 x 250 x 60 mm. 
To conduct the experiments on a side wall, in the central area of the enclosure there is a cutout 

of the insulation refrigerator with the dimensions 250 * 250 mm. 
 

                                                             
Fig. 3: Refrigerator used for experiments ( test wall) 

 
Samples of the materials will be inserted into the decoupage. Tracking the temperature 

fluctuation will be done using a temperature logger equipped with two temperature probes, capable of 
recording temperatures between +125..-40 °C. One of the probes will be inserted inside the 
refrigerator bonded to the interior wall, and the second probe will be positioned on the warm side of 
the insulation materials used in experiments. In order to read a average temperature, the second probe 
will be bonded to an aluminum plate with the size 150 * 150 mm. On the outside of the tested material 
will be applied a polyethylene vapor barrier. 

Filling up insulation enclosure to the thick of 100 mm, is made with layers of non-woven 
material. Hardening the ensemble will be made using a 6 mm thick OSB board, with a 6-bolt 
mounting system with butterfly nuts for a quickly assembly/disassembly. Experiments will be done at 
ambient temperature and humidity in order to not apear errors. Test temperatures are -10 and -30 °C, 
and the duration of the test will be 3 hours and 20 minutes, with recording of the temperature values at 
6 sec.  

After the tests where finished the data from the Logger was copied and processed by the 
Logger program in a graphical representation,  

 

   
                     a)    b)   c) 

Fig. 4: Graphical representation of ThermaData Logger  t = -10 ° C (a-polystyrene, b-nonwoven 
material, c-layers of wool) 
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                     a)         b)                  c) 

             Fig. 5: Graphical representation of ThermaData Logger  t = -30 ° C (a-polystyrene, b-nonwoven 
material, c-layers of wool) 

 
and centralized the important data from the graphical representation in Tab.1.  
   

Tab. 1: Insulating materials testing results 
Ambient temperature 13 ° C Ambient temperature 14 ° C 

Test temperature -10 ° C Test temperature -30 ° C 
expanded 

polystyrene 
nonwoven layers of 

wool 
expanded 

polystyrene 
nonwoven layers of 

wool 
3.7 °C 4.1°C 3.4°C -2.9°C -0.5°C -1.6°C 

 
  3. CONCLUSIONS 
 
  According to Fourier, heat flux density is equal to the amount of heat transferred per unit time 
per unit area [6], resulting that the thermal conductivity is equal to the heat flux crossing unit area of a 
plate of uniform thickness, when the difference in temperature between the outer surfaces is equal to 
unit. Following the results obtained at the temperature of -10 °C Fig. 4, and -30 °C Fig. 5 it can be 
seen in the left values recorded by temperature sensor positioned outside the insulating material and in 
the right side it can be seen the values recorded by temperature sensor placed in the refrigerated 
enclosure. In the upper left it can be seen the common temperature that the two sensors start. This 
value represents the ambient temperature. 
  In the lower left and right it can be observed the values recorded at the end of the experiment. 
For the first experiment it can be observed that the recorded temperature of the sensor aplied to the 
outside of the insulating material of the nonwoven material and the expanded polystyren have a  
superior temperature than the material made from layers of wool, but in the second experiment the 
nonwoven material and the wool layers material have a superior temperature than the expanded 
polystyren meaning that at -10 °C the nonwoven material and the expanded polystyren are better 
thermo-insulating than the wool layers material and at -30 °C the nonwoven material and wool layers 
material are better thermo-insulating than the expanded polystyren. 
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Abstract: In a knitting factory, any acticity oriented toward evaluation, maintanence or improvement of products 
quality level is based on measuring and examining the product quality characteristics, in order to establish 
conformity to the quality specifications and/or naming the non-quality characteristics, thus noticing defects or 
fabrication deficiencies. 
The quality of the stitching operation has a particular influence on the finite product quality and is determined 
on side by the quality of knitted pieces, and on the other by insuring the correlation between the technological 
parameters of the stitching operation and the physico-mechanical characteristics of the knittings that are to be 
assembled through stitching. 
Although the product execution processes comprise of manufacturing the elements and distinct subassemblies 
and their ulterior assembly, they present various difference dictated by the constructive particularities of the 
machine, as well as fabric characteristics. 
Because of the multiple interactions between the material, yarn and working parts of the sawing machine, 
inadequacies in the technological discipline can result in negative effects on both the knitted and stitching thread 
as well as the machine. A part of these can be fixed by extra time consuming tasks (yarn breaks, stitching ruffling 
etc.), while other defects appear during the usage of the product cheapening it (stictch tearing by perforating the 
knitted on the stitching line, pilling effect, dimensional instability etc.). 
This paper systematically presents, the main defects that may occur during the stitching operation of the 
products made out of circular knitted, as well as the causes that generate them along with preventive or 
corrective actions. 
 
Key words: qualiy, knitting, sewing, products, defects, insurance.  
 
 
 

1. INTRODUCTION 
 
In a knitting factory quality insurance presents a management component as well as a 

technical one. The management component implies the construction of an evolved quality system and 
involvement of the whole personnel, while the technical componenets implies fitting of high technical 
level machines. 

 Along with all the other steps of the product fabrication process, confectioning is the phase in 
which textile fabric characteristics are improved and new product quality characteristics are obtained. 
As example: 

 Esthetic of technological manufacturing; 
 Aspect and behavior of the product; 
 Novelty degree of the design; 
 Correlation between life style and clothing; 
 Dimensional correspondence; 
 Dressing and undressing ease; 
 Body covering degree; 
 Fastening method. 
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  2. GENERAL INFORMATION  
 

Assembly operations, considering their prevalence, decisively influence the quality of the 
clothing products. 
 Although the product execution processes comprise of manufacturing the elements and 
distinct subassemblies and their ulterior assembly, they present various difference dictated by the 
constructive particularities of the machine, as well as fabric characteristics. 

Because of the multiple interactions between the material, yarn and working parts of the 
sawing machine, inadequacies in the technological discipline can result in negative effects on both the 
knitted and stitching thread as well as the machine. Part of these defects can be fixed by extra time 
consuming tasks (yarn breaks, stitching ruffling etc.), while the other part appear during the usage of 
the product cheapening it (stictch tearing by perforating the knitted on the stitching line, pilling effect, 
dimensional instability etc.). 

In order to prevent these deficiencies, a good understanding of knitted proprieties and 
behavior during the manufacturing process is needed, thus creating the premises of product quality 
supervision. 
 

2.1 Agents that influence the quality of stitching assembly 
During knitted stitching, the working regime and a series of functional and technological 

parameteres have to be directly correlated with the physico-mechanical characteristics of the knitted 
that is to be assembled. 

The agents that influence the quality of the sawing operation through representative 
characteristics are presented in table 1: 

  
Table 1: Influencing factors for the quality of the sawing operation 

No. Quality influence factors Groups of representative quality characteristics 

1. 
Type and characteristics of the 

textile 

- structural characteristics (density, thickness); 
- physico-mechanical characteristics; 
- manufacturing characteristics; 

2. Seam type and structure 

- number of stitchng threads; 
- stitching direction; 
- stitching type (visible/hidden); 
- interwining of the threads; 

3. Working parts characteristics 

- needle type and characteristics (shape, count and surface 
preparation) [1, 4]; 
- transporter type (shape, height, and preparation of transporter teeth; 
amplitude differences in the transporter plates) [2,3]; 
- pressing pin type (shape, surface preparation); 

4. 
Seam thread type and 

characteristics 

- fibrous composition; 
- torsion value and direction; 
- count; 
- designation (closing, covering, overlock) 
- elasticity; 
- physico-mechanical characteristics; 

5. 
Technical documentation 

characteristics 

- technical and technological files; 
- assortement card; 
- standard design; 
- fabric samples; 

6. 
Caracteristicile asamblării 
Assembly characteristics 

- number of layers; 
- layer height (thickness); 
- stitching direction; 
- stitching width; 

7. 
Stitching technological 

paramenters 

- yarn tension; 
- seam pitch; 
- stitching speed; 

8. Human factor 
- objective characteristics (education level); 
- subjective characteristics ( motivation, fatigue level); 
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Fabrics quality destined for textile products confection, can be expressed through their 
manufacturing and fashioning capacity (transfer from plane to spacial shape). 

The main characteristics of the materials that influence quality are: thickness, elasticity 
degree, compaction degree, mass, dimensional stability, fibrous compositions, electrostatic charge. 

Depending on these fabric characteristics their designation is chosen, machine type and 
technological parameter of the termic adhesion operation, stitching and finishing operations. 

The choice of material in close connection with: 
 product type (underclothes, exterior wear, night clothes, sports wear etc.); 
 position of the product compared to the body (with support on the shoulders, with 

support on the waistline); 
 place in case of multiple layers of clothing (base material, backing, lining etc.). 

Not correlating the fabric characteristics with technological and functional stitching 
parameters, will lead to inconformities or defects in the stitched joints. 

In table 2, a series of fabric characteristics that influence the esthetic of the stitching are 
presented, as well as concrete solutions. 

 
Table 2: Factors that influence the esthetic of the stitching 

Material 
characteristics 

Fabric groups on which 
the influence is 

significant 

Influenced quality 
indicator 

Quality insurance method 

Thickness All textiles 

Esthetic: 
- raise the seam 
- the uniformity of the 
seam 

Adjusting the presser foot pressure 
Adjusting the hight of transporter 
teeth over the needle plate 
Adjusting the sewing tension 

Density  Knitted or weave 
Esthetic: 

- wrinkled seam 
- raise the seam 

Correlating the needle count with 
the fabric structure 
Choosing the stitching type in 
correlation to the fabric structure 

Elasticity 
Knitted or fabrics made 

out of high elasticity 
threads 

Esthetic: 
- wrinkled seam 

Choosing a stitching thread with a 
similar fibrous composition to the 
knitted yarns 
Choosing the correct type of 
stitching 

Friction 
coefficient 

Silk-like knitted, knitted 
made out of synthetic 

yarns  
Esthetic 

Correct adjustement of the seam 
pitch 
Correct adjustement of the sewing 
tension 
Correct choice of the stitching 
thread 
Appropriate constructive design of 
the stencils 

Electrostatic 
charge 

Fabrics with high content 
of synthetic yarns  

Esthetic: 
- uneven transport 
caused by fabric 
adherence to the working 
pieces of the sawing 
machine 

Antistatic treatment of the material 
Air ionization in the production 

departement 

 
3. DE-CA-RE FILE FOR THE SAWING OPERATION OF PRODUCTS MADE 

OUT OF CIRCULAR KNITTED 
 

Studies and practical experience proved that from the standing point of their importance and 
frequency, defects that may occur during the sawing operation of the knitted are various. Some of 
them are presented in table 3, as De-Ca-Re files: 
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  Table 3: Correlation defect-causes-preventive actions or remedies 
Defects during the stiching 

process 
Causes Preventive actions or remedies 

Yarn breaking in the stitch 
when pierced by the needle 
determined by:  

Utilising round headed needles, of 
corresponding count to the knitted 

-low sliding capacity of the stitch 
yarn, at the needle penetration 
moment  

Respecting the environment 
conditions in the confection section 
(for a 65% air humidity, material 
humidity is approximately 7.2%) 

- utilising a wrong needle, as 
counting, form or surface state, 
with the knitted structure 

Brushup of external needle surface 
Correct dimension of the needle plate 
eyelet (reccomended eyelet of about 
1,6 -1,8 mm) 

1. Perforation of the knitted on 
the seam line followed or not by 

stitch unwinding[1, 5] 

- needle heating because the high 
stitching speed 

Respecting the admitted stitching 
speed 
Cooling of the needle (needle 
treatment with lubricants) 

Breaking of the sewing thread 
and formation of breaked seam 
pitches because:  
- uncompliance to the yarn track 

Insuring the correct yarn- needle 
track  

- non-correlation between sewing 
thread and stitching type with the 
knitted characteristics 

Choosing the thread and stitching 
type in correlation with the knitted 
characteristics  

- surface wear of the yarn 
conductive organs 

Polishing or replacement of worn out 
or flawed parts 

- melting or breaking of the 
stitching thread because of high 
temperature of the needle at high 
stitching speeds 

Reduction of the stitching speed 
 

2. Interrupted seam 

-inadequate adjustement of 
thread tension  

Optimal adjustement of sewing 
tension 

Irregular feed of the material 
layers because of: 
- amplitude differences in the 
motion of the plates with 
transporter teeth 

Correct adjustement of the plates 
with transporter teeth 

-utilisation of the wrong presser 
foot 

Using a Teflon or special presser foot 

- incorrect adjustement of the 
pressure exerted by the presser 
foot in correlation with the 
knitted characteristics 

Correct pressure adjustement of the 
presser foot according to the knitted 
characteristics 

3. Inadequate look of the 
stitching and interweaving 

(relative displacement of the 
layers) 

- elongation of the knitted 
material during stitching 

 

Inadequate tension of the yarn 
(tension too low) 

Respecting the technological 
parameters of the sewing 

4. Incorrect interlacing of the 
threads (in a simple seam) Out of sync movement of the 

stitching formation organs 
(needle, greifer, transpoter) 

Correct movement adjustement of the 
stitching formation organs 

Stitching yarn overly stressed 
Inadequacy of the seam pitch 
with the knitted characteristics  

Respecting the technological 
parameters (yarn tension, and seam 
pitch in correlation with the knitted 
structure) 

Amplitude difference of the 
conveyor teeth plates  

Correct adjustemenet of the conveyor 

5. Knitted wrinklin during 
sewing 

Wearing of the conveyor 
Replacement of the flawed sewing 
organs 

Using the incorrect count needles 
or inadequate to the knitted 
thickness 

Insuring the correlation between the 
needle count and the knitted count 6. Raising of the knitted stitch 

on the seam line 
Uneven needle suface or 
conveyor teeth surface  

Smoothing of the external needle 
surface 
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Defects during the stiching 
process 

Causes Preventive actions or remedies 

7. Melting of the yarns of the 
knitted on the seam line ( in the 
case of syntethic fiber knittings 

) 

Excessive heating of the needle 
because of the high stitching 
speed 

Keeping the maximum admitted 
speed 

8. Deflection from the stitching 
line 

Techonological indiscipline  

Irregular stitching 
9. Inclination of one the piece 

during stitching 
Wrong pairing of pieces 
(different characteristics and 
dimensions of pieces) 

Respecting the technological 
discipline  

Knitting defect on the surface of 
pieces of the product (stripes on 
stitches or rows, irregular density 
etc.) 

10. Different nuance between 
the piece of the same product Dyeing or imprinting defects and 

wrong pairing of the pieces when 
forming packages (at the 
assortment of components after 
the sawing operation) 

Caring out an adequate reception of 
the knitted, anterior to the sawing 
operation 
 

Contraction of the pieces after 
sawing because of uneven 
tensing of the spread layers 

Respecting the spreading and sawing 
conditions  

11. Differences between the 
simetrical pieces of the same 

product (sides, sleeves, pockets, 
welts etc.) 

Technological indiscipline at 
sawing: 

- unemployment of 
sawing stencils and /or 
control stencils in the 
making 

Keeping the technological discipline 
during product confection 

12. Not keeping the simetrical 
gradient and shoulder length in 

the same product 

Technological discipline  
Not keeping the technological 
indicators during the confection 
process 

13. Pocket asimetry 
14. Stitching skew from the 

outline 

Indisciplină tehnologică 
Technological indiscipline 

Sawing defect 15. Pattern asimetry on the 
paired pieces (sides, pockets, 

flaps) 
Technological indiscipline during 
making  

Keeping the technological indicators 
during the confection process 

 

16. Buttonholes incorrectly 
done 

Inadequate adjustement of the 
machine 

Adjusting the mechanisms of the 
sawing machine  

17. Incorrect placement of the 
buttons in comparison to the 

buttonholes 
18. Inconcordance between 

 Button dimensions and 
buttonholes lenghts 

19. Misplaced buttonholes 
compared to pieces sides and 
uneven spaces between them 

Technological indiscipline 

20. Oil smears and/or dirth 
Incorrect maintanence of the 
sawing machines associated with 
technological indiscipline 

Keeping the technological discipline 
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4. CONCLUSIONS 
 
 The quality of the stitching operation has a particular influence on the product and is 
determined by a multitude of factors, punctually presented in this paper. 
 Contructive particularities of the machines, technological parameters of the stitching 
operation, knitted characteristics, behavior during the processing, as well as the correlations between 
these factors are of crucial importance. Only knowing these can we prevent stitching deficiencies, 
creating at the same time the premise for supervising process quality. 
 This paper systematically presents the main shortcomings observed during the stitching 
operation of knitted products, the causes and their prevention method or their remedies.  
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Abstract: In dyeing process, the object is to transport or diffuse dyes and chemicals into the fibre. Various novel 
processes, including ultrasound, are being introduced and studied as more environmentally friendly alternatives. 
Encouraging results have been reported for the use of ultrasound energy in dyeing processes of micro-viscose. 
The recent studies revealed major ultrasound applications advances: savings of processing time, energy, 
chemicals, as well as environmental protection. Influence of various ultrasound frequencies (40, 200 and 400 
kHz) on dyeing of micro-viscose knitted fabrics, by a reactive dye has been reported in this work. A method of 
reflection spectrophotometry has been employed to record reemission curves of the colored compounds. A 
software packet has been employed to calculate CIELab colored coordinates. Then, a comparison has been 
made with samples colored by conventional procedure according to CIELab76 and CMC (2:1) criteria. The use 
ultrasound in textile dyeing processing offers many potential advantages. The results prove better dye exhaustion 
by ultrasound and consequently the better fixing. The exhaustion for the bifunctional dye (containing two 
vinylsulphone groups) reaches 71.75 % without ultrasound, and 83.69 % with 400 kHz ultrasound. The 40 kHz, 
150 W ultrasound causes a cavitation of higher intensity, compared to 200 and 400 kHz ultrasounds. In this 
particular case, destruction of cavitation bubbles is very intensive. That is why a large amount of cavitation 
energy is being transformed into a heat, yielding the additional bath heating. The ultrasounds with higher 
frequencies (200 and 400 kHz) cannot use such a strong power. The applied powering this case reaches 0.6 W. 
The cavitation bubbles are now smaller the cavitation disintegration is not so strong, and the energy loss is 
much smaller, i.e. a smaller amount of energy has been transformed into a heat. An ultrasound of an equal 
power, but of higher frequency contributes to the somewhat higher exhaustion and fixing. The ultrasound dyeing 
produces much obscured colours, compared the standard. The differences are evident and not negligible. The 
comparison of the samples treated ultrasound of different frequencies during dyeing revealed the higher 
coulours intensities with the increase of ultrasound frequencies of the equal power (200 and 400 kHz). However, 
the increase is not so expressed. 
 
Key words: knitwear, dyeing, micro-viscose, ultrasound, CIELab. 
 
 1. INTRODUCTION 
 
 Exhaustion dyeing of textiles proceeds through migration of dye molecules from the bath to 
the fiber surface, then a slower diffusion process takes place into the fiber. Ultrasound applied to 
dyeing processes enables dye dispersion breaking up the molecular aggregates and contributes to 
agitation enhancement of the bath with a consequent thickness reduction of liquid boundary layer 
surrounding the fibers. Sometimes ultrasound can induce fiber swelling which increases the dye 
diffusion rate inside the fiber. The fundamental benefit commonly ascribed to ultrasound is a mass 
transfer improvement, which can be otherwise achieved by higher temperatures, longer times and 
introduction of auxiliary chemicals [1-3]. 
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 The effect of ultrasonic energy on dyeing processes was already widely investigated on cotton, 
wool, silk, acrylic, nylon, polyester with good effects in all cases. In fact, it was observed that the 
action of ultrasound (600 W, 20 kHz) enables to increases dye diffusion coefficient of 30 % allowing a 
dyeing time reduction of 20 % at the same temperature. In the case of polyester dyeing with disperse 
dyes the ultrasound benefit is still more relevant due to advantages like ultrasonic waves helping in 
breaking up the dye aggregates, stabilizing the dispersion and accelerating the diffusion rate of the dye 
inside the fiber [4-10]. 
 The presented papers point to the fact that ultrasound has a great potential for practical 
application, considering its contributions with enhanced productivity, easier processing control and 
reduced pollution of waste waters. 
 Taking into consideration that ultrasonic vibrations create compression and refraction in 
water, i.e. areas of high and low pressure, as a corollary of refraction there occur bubbles, which swell 
until, during the stage of compression, they abruptly disintegrate causing shock in the mass. This 
phenomenon of creation and disintegration of bubbles (known as cavitation) is generally responsible 
for most of the ultrasonic physical and chemical effects observed in solid-liquid and liquid-liquid 
systems. Thus, ultrasonic energy has been applied in textile industry, as well, for the most part in 
soaking processes, and textile washing and cleaning.  
 
 2. EXPERIMENTAL PART 
 
 2.1. Material 
 The basic characteristics of the used material have been presented on Table 1. 
 

Table 1: Basic characteristic of undyed fabric interlock 100 % micro viscose 
Machine - knitted Fabric Interlock  
Ttyarn 20 tex 
Ttfiber 1,0 dtex 
Mass of a square meter 205 gm-2 
Illuminant - Whiteness, Berger 83 % 

 
 The Drimarene Black R-3B (Clariant International Ltd., Switzerland) is used dye, and it 
belong to the group of diazo dyes. The gross formula of this dye is C26H21N5S6O19Na4, and its 
molecular mass 991.82 g/mol. The structural formula of this dye has been presented on Figure 1. 

 
 

Fig. 1: Structural formula of used dye 
  

2.2. Procedure 
 Dyeing was done in ultrasonic reactor on ultrasound frequencies of 200 and 400 kHz. The 
applied energy is 0.6 W. The ultrasonic reactor was made some parts like generator, transducer and 
reaction vessel.  
 It has been dyed by dye (c = 2.0 % o.w.t) without ultrasound action (conventional method) 
and under the effect of various frequencies of ultrasound, respectively: 
I Conventional method (without ultrasound); 
II With ultrasound  = 40 kHz; 
III With ultrasound  = 200 kHz; 
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IV With ultrasound  = 400 kHz; 
 In the experiment viscose microfibre knitwear has been dyed according to the on-line 
procedure, isothermally at 40°C, for the period of 100 min., at pH 10,4 (pH adjusted with Na2CO3) and 
with 60 g/L NaCl (dye and chemical were added on the very beginning of the process). Dyeing bath 
ratio is R=1:50. Mechanical mixing was applied during conventional (ultrasonic dyeing performed 
without mechanical mixing). 
 Washing of dyed samples was made at the end of treatment: warm rinsing, 15 min on 90C 
with 2 g/L Hostapol CV, 10 min neutralization on 40C (1.5 ml/L CH3COOH 30 %) and cold rinsing. 
 
 2.3. Measurement methods  
 The color computer that measured the reflectance of the dyed fabrics was a HunterLab 
ColorQuest XE diffuse/80 with adequate software. 
 The measurement parameters are: 
- Color calculation model: CIELab, CIE (2:1); 
- Light source: Daylight D65; 
- Standard observer: 10; 
- Number of measurement points of samples was 5; 
 
 Samples are, after dyeing but before washing (scouring) divided into two halves. One-half is 
washed and the other is dried without washing. Dyed samples are measured before and after washing 
on reflection spectrophotometer and then some parameters were calculated [11]. 
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Where E, A0 and Ar are, respectively, the bath exhaustion percentage, the absorbance of the bath before 
and after dyeing. 
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Where %F is the percentage fixation of the dye, which exhausted, (K/S)1 and (K/S)2 represent the 
colour strength of the dyeing before and after stripping of any unfixed colour, %T is the overall 
percentage fixation. 
 
 3. RESULTS AND DISCUSION 
 
 Rate of exhaustion curves for dye on cellulose fabrics whew obtained by measuring the dye 
bath concentration at 10 min (Fig. 2). Intervals between 0 and 100 min during the dyeing process. The 
amount of dye in the residual bath was measured on Philips model PU UV/visible spectrophotometer 
at wavelength of absorption maximum ( = 585 nm). 
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Fig. 2: Exhaustion diagram for used dye 

 
 

Table 2: Some results of performed measurements during dyeing 
Dyeing method %E %F %T 

without US 71.75 95.80 68.74 
40 kHz 78.90 99.11 78.20 

200 kHz 80.05 98.14 78.56 
400 kHz 83.69 98.56 82.48 

 
 The use ultrasound in textile dyeing processing offers many potential advantages. Previous 
researching has shown that the use of ultrasonic provides saving of processing time, energy, chemicals 
and improvement of production quality. The results prove better dye exhaustion by ultrasound and 
consequently the better fixing (Fig. 3). The exhaustion for the bifunctional dye (containing two 
vinylsulphone groups) reaches 71.75 % without ultrasound, and 83.69 % with 400 kHz ultrasound. 
The 40 kHz, 150 W ultrasound causes a cavitation of higher intensity, compared to 200 and 400 kHz 
ultrasounds. In this particular case, destruction of cavitation bubbles is very intensive. That is why a 
large amount of cavitation energy is being transformed into a heat, yielding the additional bath 
heating. The ultrasounds with higher frequencies (200 and 400 kHz) cannot use such a strong power. 
The applied powering this case reaches 0.6 W. The cavitation bubbles are now smaller the cavitation 
disintegration is not so strong, and the energy loss is much smaller, i.e. a smaller amount of energy has 
been transformed into a heat. An ultrasound of an equal power, but of higher frequency contributes to 
the somewhat higher exhaustion and fixing. 
 

 
Fig. 3: Histogram of the dye distribution between the textile substrate and the dyeing bath 
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 Based on the recorded reemission curves of dyed samples, computed spectral K/S values (Fig. 
4) dye differences are defined according to CIELAB76 and CMC (2:1) criteria. Dyeing gained by a 
conventional method is used as a standard sample. 
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Fig. 4: K/S values for used dye 

 
 The ultrasound dyeing produces much obscured colours, compared the standard, table 3. The 
differences are evident and not negligible. The comparison of the samples treated ultrasound of 
different frequencies during dyeing revealed the higher coulours intensities with the increase of 
ultrasound frequencies of the equal power (200 and 400 kHz). However, the increase is not so 
expressed. 
 

Table 3: Colour differences of the dyed samples 
(Standard: without US, at D65 color coordinates: L=17.9; a=-3.5; b=-13.2) 

COLOUR DIFFERENCES 
Illuminant D65 - 10 

CELAB 76 CMC (2:1) pass1.4reject 
Batch DE* DL* Da* Db* DE* DL* DC* DH* 

40 kHz 2.7 2.6 Darker 0.7 0.3 1.5 1.8 Darker 0.7 Weaker 0.3 Bluer 
200 kHz 2.5 2.4 Darker 0.7 0.6 1.8 1.5 Darker 0.6 Weaker 0.3 Bluer 
400 kHz 3.1 3.1 Darker 0.5 0.1 2.0 2.0 Darker 0.2 Weaker 0.4 Bluer 

 
 4. CONCLUSION 
 
 Ultrasonic dyeing of cellulosic fabric by means of reactive dyes has good prospects, taking 
into consideration the considerable dye saving for achieving a tint of equal depth in respect to 
conventional procedures. Moreover, it contributes largely of dye exhaustion from the tank, so that 
waste water pollution is considerably lower, which makes this procedure ecologically very significant.  
 The 40 kHz ultrasound contributes to the significant increase of the exhaustion degree as well 
as of the dye fixing. The increase of the ultrasound frequency accompanied the smaller power 
produces a higher intensity colouring (the higher depth) but overall the differences are negligible. 
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Abstract: This paper presents the research results obtained in ERA NET MANUCOAT project, coordinated by 
INCDTP in collaboration with the following partners: INCDMNR-IMNR, SC MGM STAR CONSTRUCT SRL –
Romania and IRIS-Spain.  
The objective of the research was to develop and obtain textile and wood surfaces with self-cleaning, photo 
catalytic, antibacterial and antifungal properties.  
An innovative method of manufacturing nanoparticles by hydrothermal process in a single step without any 
further heat treatment and controlled stoichiometry, tested spray coating technology (sputtering) were 
developed.  Full characterization of nanostructured powders in terms of chemical, physical, structural, thermal 
and technological characteristics was performed.The most important features to be considered in the treatment 
of wood by sputtering in order to deposit thin layers of TiO2 NPs or TiO2/Ag as the humidity should be below 
12% and the maximum roughness P150, depending on the species of wood. 
Future works envisage optimizing the existing sputtering systems for pilot stage, in order to make nanoparticles 
deposits on large areas of textile and wood. The results of the research are photocatalytic textiles for surgical 
gowns, operative fields, hospital bed sheets and curtains and drapes for public spaces. 
 
Key words: TiO2 nanoparticles, sputtering coating, photocatalytic textiles, antibacterial/antifungal, durable 
wood  
 
 

1. INTRODUCTION  
 
In the global competition environment textile companies will always try to obtain a significant 

market share through product quality improvement and new technologies or products development. 
Also, consumers demand high performance textiles for both casual wear and for technical textiles. 

Textiles with antimicrobial, antifungal efficacy and photocatalytic properties are required by 
fields such as medicine, defense, sports and leisure, for covers and draperies for public spaces and 
passenger compartments. 

At its turn, wood is an excellent material for building, furniture, art objects but in natural state 
it is unfortunately not resistant to weather, insects and fire. Structures, surfaces and wood objects must 
be long lasting in order to be attractive to customers and to compete with other materials.  

Photocatalytic activity, non-toxicity, high availability, biocompatibility, and low price make 
TiO2 nanoparticles particularly attractive for manufacturing textiles and wood products with high 
performances. When nano TiO2 are irradiated with light of higher energy than its band gap, electrons 
and holes pairs are generated on its surface. Holes produced during an oxidative reaction can react 
with water and generate hydroxyl radicals and electrons. Anions of superoxide radical are created 
during reduction with oxygen. Active oxygen species and hydroxyl radicals can oxidize organic 
compounds to carbon dioxide and water as shown in the following reaction [1]. 



 70

CnOmH(2n−2m+2) +•OH+O-
2 → nCO2 +(n−m+1)H2O          (1) 

Different methods for fabric treatment with nanoparticles are known and were studied: 
padding, ultrasonic treatment, plasma and electro-spray and sputtering.  

This paper presents the lab experiments of TiO2 nanoparticles deposition on textiles and wood 
by physical methods, sputtering. 

 
  2. EXPERIMENTAL PART 
 
  2.1. Technology for obtaining TiO2 nanoparticles 

  The characteristics of TiO2 nanoparticles depend mainly on the method applied for their 
synthesis. The size, shape, crystalline structure and specific surface determine the electrical, chemical, 
optical properties and the photocatalytic activity of TiO2 nanoparticles. 

The innovative technology for obtaining nanostructured powders of TiO2 and TiO2 doped with 
Ag was developed by IMNR at laboratory level. Hydrothermal synthesis in one step, at high pressures 
(1000-3000 atm) and low temperatures starting from soluble inorganic salts of titanium and silver, is 
used to prepare silver doped nanostructured anatase. Hydrothermal process approach represents an 
alternative to the sol-gel, ball milling or spray pyrolysis processes used to prepare doped TiO2. 
Hydrothermal synthesis presents some advantages, namely: it is an environmentally friendly 
procedure, it enables the formation of nanostructured anatase phase (>95%) and the dopant level can 
be controlled [2] [3].  
 The nanostructured powders were characterised in terms of chemical, physical, structural, 
thermal characteristics and photo catalytic properties, toxicity and antibacterial properties. 

 
   2.2 Textile substrates 
  The selection of textile substrates takes into account the following requirements: breaking and 
tear strength, elongation, abrasion resistance, thermal resistance, surface and volume resistivity, air 
permeability, water-vapour resistance, water permeability, the user and last but not least the cost. The 
textile materials were selected for areas of application where the functional effects, photo catalytic,   
antibacterial and antifungal properties are the most requested: hospitals, public spaces, clothes, home 
interior. We analysed nine textile substrates with different fibre compositions in terms of the 
characteristics mentioned above. The selected textiles were: Rafia-fabric from textured yarns, 100% 
polyester with crepe weave, for covers and curtains used in public spaces; Mihaela-fabric from shiny 
three lobe yarns and microfilaments yarns, 100% polyester with satin weave, for surgical gowns and 
drapes; Ivona-fabric made of 100% cotton, with combined pattern weave (vertical stripes), for hospital 
and home bed linen; Fabric code 154-5069 made of 55% polyester + 45% wool, for women dress. The 
selected textiles were used as substrates for the deposition of nanostructured layers which give them 
photocatalytic, antimicrobial and antifungal properties [4]. 
 
  2.3 Wood substrates 
 For the selection of the wood substrates to be used during the project, the partners had intense 
discussions to ensure the compatibility of the substrates with the different set-ups of the project and 
their industrial relevance. Three wood types were selected to be analysed in the project: oak, beech 
and cherry. The oak was chosen for its intensive use for interior works and furniture. High density and 
high tannin content give this wood resistance against fungi, but its aspect is strongly affected by UV 
radiation and aging. TiO2 nanoparticles surface treatment removes these disadvantages. Beech is one 
of the most common species of deciduous wood for interior applications. Its low porosity prevents 
protective treatment by impregnation, making it difficult to use for outdoor applications. Surface 
activation and treatment with TiO2 nanoparticles provide the opportunity for its use in outdoor 
applications.  Cherry wood was selected for its use in the manufacturing of art objects. 

  The most important characteristics to be considered in the treatment of wood by plasma or 
sputtering in order to deposit thin layers of TiO2 or TiO2/Ag nanoparticles  are:  
- Humidity, must be below 12%; first tests will be done with samples with humidity between 10-15% 
(depending on species);  
- Roughness depends on wood species, ideally P150 grit ISO / FEPA. 
  Rugosity and humidity are the only parameters usually provided by wood manufacturers. 
 
  2.4. Sputtering technology  
 Experimental deposition of nanostructured thin layers was performed by sputtering [5] [6]. 
Sputtering technology is a physical method deposition which involves removing the source material 
deposition at a temperature much lower than evaporation. The experiments for the deposition of TiO2 
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and Ag/TiO2 nanoparticles on small size substrates of textiles and wood were performed on VU-2 M 
vacuum equipment. Basically, the method involves placing the substrate and material deposition in a 
vacuum chamber in the presence of an inert gas. TiO2 and TiO2/Ag nanoparticles powders was pressed 
into 2 g pills. Then it was sintered in high vacuum equipment VU-2M, equipped with 2 inch 
sputtering, e-gun and resistive sources, glow discharge plasma cleaning system, carousel and thickness 
monitoring. Sintering was tested by electron beam heating and resistive method. It was concluded that 
resistive method is preferable because the electron beam pulverizes the material. The equipment has 
rotation and monitoring system of deposition rate and thickness control. Before the deposition process, 
textile and wood substrates were treated in Argon-Oxygen plasma to purify the surface. Sputtering 
deposition system performs simultaneously two functions: surface activation and deposition of TiO2 
nanoparticles or TiO2/Ag. The deposition rate and thickness was monitored by Inficon XTC quartz 
controller with parameters set for TiO2 (density of 4.26 g / cc and Z-ratio of 0.4). The sputtering 
deposition cannot be included in the continuous wood and textile production process, being used in a 
discontinuous –offline process (in comparison with the plasma treatment method that can be used in a 
continuous – online process).The sputtering experimental works were performed at laboratory scale on 
small textile and wood areas. Textile substrates have been covered with 5 and 10 nm TiO2 and with 5 
and 10 nm  Ag/TiO2 by RF sputtering. 
 

3. RESULTS AND DISCUSSIONS 
 
  3.1. Technical characteristics of nanoparticles obtained by hydrothermal technology 
  Chemical components of NPs obtained at lab scale are presented in table 1: 

Table 1: Chemical components of NPs 

Components % Sample code 
Ti Ag 

MCTi 59.5 - 
MCTiAg 58.4 0.52 

  XRD spectrum for lab nanoparticle samples is presented in figures 1 and 2. 
 
 
 
 
 
 
 
 
 

 

 
Compound Name      Formula      S-Q(%)                        Compound Name      Formula      S-Q(%) 
Anatase     TiO2       98.3     Anatase                      TiO2         93.5 
Brookite     TiO2       1.7         Brookite                    TiO2           6.0 
Silver     Ag       0.0      Silver     Ag                   0.5 
 

Fig.1: XRD spectrum for MCTi samples.                                     Fig.2: XRD spectrum for MCTiAg samples 
 
The best photocatalytic activity (100%) of the MCTiAg sample was measured at 75 min. For 

the MCTi sample the best photocatalytic activity (97.071%) was measured at 150 min. 
 

  3.2. Characteristics of textiles and wood samples nanocoating by sputtering 
The textile and wood samples coated with TiO2 and TiO2 /Ag were analysed in terms of morphology 
and elemental composition of the deposited layers and the functional effects namely: hydrophobicity / 
hydrophilicity, photocatalytic effect, surface and volume electric resistant, antibacterial and antifungal 
effect. 
  3.2.1 The morphology of the textile materials and structure of the deposited layers have been 

In
te

n
tis

y 
(C

p
s)

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

2-Theta - Scale

21 30 40 50 60 70

Anatase Anatase

Anatase

Brookite

In
te

n
si

ty
 (

C
p
s)

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2-Theta - Scale

21 30 40 50 60 70

Anatase

Anatase

Ag

Ag

Brookite

Anatase



 72

analysed by scanning electron microscopy, (Quanta 200, FEI, Netherlands), figure 3. 
 

 
Fig.3: The morphology of the textile materials and structure of the deposited layers 

 
  The sputtering coatings of Rafia do not significantly modify the surface characteristics of the 
PET fibres. In the case of Mihaela only a few nanoparticles are seen on the fibres covered with 5nm 
TiO2 layer (MCTi) while the fibre coated with a thicker layer (10nm) is very smooth and uniform.  
The difference could come from the smoother, finer fibres (76.3 den, 108 μm diameter) used in the 
warp of Mihaela sample compared to Rafia sample (168.4den, 179 μm diameter). In the case of Ivona 
sample with 10nm sputtering, the layers seem more uniform, covering the fibres better. After the 
deposition of TiO2 and Ag/TiO2, on code 154-5069 fabric, both the polyester and wool fibres 
composing the sample are covered with a thin layer of metal oxide, creating a smoother surface.   
  3.2.2 The identification of the metals deposited on samples 
The EDX unit connected to the SEM microscope was used to determine the chemical contents of 
elements presented in the surface of coated fabrics.  

EDX spectra for Rafia indicate the presence of TiO2 and Ag/TiO2 on the material. The 
dominant elements are carbon attributed to polyester fibres and oxygen attributed to polyester fibres 
and titanium oxide. The sample presents a higher Ag/Ti ratio for coatings with 10nm (Ag/TiO2 = 0.21) 
than for those with 5nm (Ag/TiO2 = 0.3). This behaviour is largely due to hydrophobicity and 
polyester fibres structure which allow uniform deposition of oxide films. For coated Mihaela material, 
the ratio Ag/Ti is 0.27 for 5 nm coatings and it increases to 0.42 for deposits thicker than 10nm. For 
the Ivona sample covered with 10nm Ag/TiO2 spectra were performed for particles present on the 
surface of the material. Due to the presence of other elements and especially of large amounts of 
carbon and oxygen from the substrate, practically Ag/Ti ratio has relatively high error margins. EDX 
spectra for fabric code 154-5069 confirm the deposition of TiO2 and Ag/TiO2. The amount of silver 
and titanium increases as the layer thickness grows. 
 3.2.3 Hydrophobicity/hydrophilicity of the nanocoated samples are analysed by measuring 
their contact angle, using the VCA Optima equipment and distilled water as test liquid. 
The materials’ wetting capacity modifications induced by sputtering show the results: 
- Rafia sample is initially hydrophilic, due to fibres type and to large interspaces between yarns and 
after sputtering nanocoating it becomes hydrophobic (about 1240). 
- Mihaela sample is initially hydrophobic (880) and after sputtering nanocoating it becomes 
hydrophilic due to polar groups: =C=O, -O-C= O, -COH, -COOH, -CH2OH and better adherence of 
TiO2. 
- Ivona sample is strongly hydrophilic (00), both initially and after deposition, the water drops being 
instantaneously absorbed by the materials. 
- Fabric Code 154-5069 is initially and after deposition highly hydrophobic (about 1300). 

3.2.4 Evaluation of the photocatalytic activity 
Evaluation of photocatalytic effect was performed by two methods: 



 

ANNALS OF THE UNIVERSITY OF ORADEA 
FASCICLE OF TEXTILES, LEATHERWORK 

 

 73

- Photodegradation of methyl orange solution with different concentrations (0.01, 0.005, 0.002 g /L) 
and exposure to UV radiation under stirring (λ = 254nm and 365nm); 
- Measurement of the colorimetric coordinates of the initial samples and of the stained samples after 
exposure to artificial light. The samples coated with 5nm layer of TiO2 and Ag/TiO2 were spotted with 
3 drops of 0.02g/L Methylene Blue(MB), 0.02g/L Methyl Orange(MO), coffee (C). The spotted 
samples have been exposed to artificial light according to standard ISO 105- B02:2013 in Apollo light 
fastness tester provided with Xenon lamp, simulating sunlight, wavelength: 300-700nm, the lamp 
irradiation: 42W/m2, humidity 45%, light exposure temperature:500C.  
UV-VIS spectra of solution 0.002g/L MO + Ivona coated with 5nm MCTiAg and 10nm MCTiAg 
exposed to UV radiation (365nm) are presented in figure 4 a) and 4b). 
 

 
Fig.4 a): UV-VIS spectra of solution0.002g/L MO 

+ Ivona coated with 5nm MCTiAg 
Fig.4 b): UV-VIS spectra of solution0.002g/L MO + 

Ivona coated with 10nm MCTiAg 
 

Photodegradation efficiency after 4 hours is 15.38% for 5nm MCTiAg and 4.06% for 10 nm 
MCTiAg. 

The second method for the evaluation of colours of stained samples after exposure to artificial 
light uses the spectrophotometer Hunterlab with 0/45 degrees geometry. Spotless original material was 
the reference. 

Table 2: Colour difference for stained samples after exposure to light 
Sample/Stained with Initial MCTiAg   5 nm  
 dL* da* db* dE* dL* da* db* dE* 
Rafia/ C 1.4 -0.43 0.67 1.61 1.36 0.77 1.14 1.93 
Rafia/  MO 3.54 -0.65 -0.18 3.61 4.19 -0.62 -2.04 4.7 
Rafia/ AM 2.39 -0.5 -0.02 2.44 2.53 -0.24 -1.41 2.91 
Mihaela/C -4.45 -1.84 16.37 17.07 -2.38 -2.94 13.67 14.18 
Mihaela/MO -0.69 -2.06 7.1 7.42 -1.31 -2.85 10.23 10.7 
Mihaela/AM -1.1 -1.89 5.79 6.19 -1.09 -2.79 8.87 9.36 
Ivona/C -9.5 -0.96 25.99 27.69 -9.47 -1.62 28.18 29.77 
Ivona/MO -2.6 -2.22 19.06 19.36 -2.83 -2.33 18.73 19.08 
Ivona/AM -10.38 -4.94 8.26 14.15 -7.22 -4 10.35 13.24 
Code 145-5069/  C 1 -1.59 -2.09 2.81 0.95 -1.29 -2.08 2.63 
Code 145-5069/ MO 1.09 -1.4 -2.64 3.18 2.82 -4.61 -5.38 7.63 
Code 145-5069/ AM 1.08 -1.63 -2.58 3.23 1.58 -3.84 -4.4 6.05 

Total colour difference (DE *) is almost double for all treated stained materials compared with 
the original material stained and exposed for 67 hours to artificial light, except for the sample code 
154-5069. 

3.2.3. Antibacterial and antifungal effect 
  Antibacterial effect was tested at E.Coli and E. Aureus in conformity with SR EN ISO 
20645:2005 and antifungal effect was tested at Candida albicans and Trichophyton interdigitale in 
conformity with ASTM E2149-01 and ISO 20743:2007. The samples tested were Mihaela and Ivona 
for medical sector.Mihaela sample treated with MTTiAg 5 nm and 10nm presented a satisfactory 
antibacterial effect. Ivona sample treated with MTTiAg 5 nm presents antibacterial efficiency at limit.  
  Textile samples treated with Ag/TiO2 presented excellent results when tested against Candida 
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albicans.  All treated samples have a 100% reduction of microbial population, when compared to 
untreated control samples. The reduction rates were lowered on the same textile tested against strain of 
Trichophyton interdigitale, ranging from 47%, lowest reduction; 
  Materials treated only with TiO2 didn’t exhibit significant reduction in microbial population, 
compared to untreated control samples.  
 
  3.3. Characteristics of the wood samples’ nanocoating by sputtering 
 Changes induced by nanocoating of wood samples were determined by measuring the contact 
angles using the same method and the same equipment as for textiles. 
 After nanocoating with TiO2 by sputtering, 5 nm and 10 nm all 3 types of wood presented the 
contact angle higher by about 160 than initial samples. 
 After nanocoating with TiO2/Ag, 5 nm and 10 nm all 3 types of wood presented the contact 
angle higher by about 300 than initial samples. 
 
  4. CONCLUSIONS 
 
  - All natural and synthetic fibres can be treated with TiO2 or TiO2/Ag nanoparticles by 

sputtering with technology conditions appropriate for each type of material; 
 -Powder TiO2/Ag nanoparticle samples containing anatase phase in 93%;  

- Powders componence is as follows: 59.5% titanium in TiO2 and 58.4: titanium 0.52% silver 
for TiO2/Ag ; 

 - The sample of MCTiAg presented the highest photocatalytic activity (100%) and was 
measured at 75 min; 

 - Sputtering deposition method has the advantage of two functions simultaneously, activation 
of the substrate surface in plasma and deposition of nanoparticles; 
 - Photocatalitic efficiency for 100% cotton sample after 4 hours is 15.38% for 5nm MCTiAg 
and 4.06%. for 10 nm MCTiAg; 
 - Textile samples treated with Ag/TiO2 presented excellent results when tested against 
Candida albicans (100% reduction of microbial population) and 47% against Trichophyton 
interdigitale; 
 - Sample made of 100% cotton treated with Ag/TiO2 5 nm and 10nm presented a satisfactory 
antibacterial effect and sample 100% polyester treated with MTTiAg 5 nm presents antibacterial 
efficiency at limit. 
 The results of technical characteristics of nanopowders and nanocoated textiles and wood will 
allow optimisation of the TiO2 and Ag/TiO2 synthesis at pilot scale. 
 The results of samples’ characteristics obtained by lab scale sputtering technology provide 
important information for the optimization of the existing sputtering systems at MGM STAR 
CONSTRUCT for pilot stage. 
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Abstract: There are cases when the mass of woven fabrics requiring amendment intervening in the internal 
structure of the fabric, the reason most often for economic reasons, but also for the diversification by look. 
The internal structure of striped fabric obtained by combining groups wire ties, densities and / or different 
fineness creates a specific case on change of fabric weight. 
Each stripe is a woven fabric whose features differ, in some cases significantly to the bars side by side. This is 
the reason why the change of mass of such a woven fabrics, it is not so simple as in the case of fabric with a 
uniform structure. 
Changing the whole of the fabric weight can be done by changing the mass of each partial woven fabrics.The 
proposed method for mass modification consists in identifying and determining the partial structural fabric 
components and their mass change. To change the mass densities chosen method which involves designing a 
woven fabrics with weft yarn density, so the fabric assembly reference model resulted in a new woven fabric with 
a mass change After studying the structural features of these fabrics, and methods used to design woven fabrics 
with weight change , it has been found that there are other ways to solve this problem they known by has can 
achieve the same results but the simplest way. 
 
Key words: woven fabrics, structure, longitudinal stripes, features, density, fineness 
 

 
 1. INTRODUCTION 

 
Thus, the following describes a new method and algorithm of the design striped fabric 

obtained by combining by ties, densities and / or different fineness re both by content and by design 
are fully original and is something new in this domain.[1-4] 

 Next we will show a concrete example applied to a woven fabric whose characteristics are 
known. It take over the benchmark fabric density and length of the yarn systems and other 
characteristics required for calculation of the ratio by related components and the fabric weight. 
It is proposed to change its mass by increasing the e=10% 

The calculation of the re-design of the fabric to the mass change was made by applying the 
algorithm and the method described to obtain the results as shown in: 
 

2. FABRIC CHARACTERISTICS BENCHMARK 
 

 width:  - stripes: L1=79,4 
     L2 = 57,2 cm 
     L3 = 10,4 cm 

       cmLil f 147,
 

     - edges : lm =30 cm 
     - finite:  lf = 150 cm 
 

2.1. The density of yarn length: 
 warp; from the fund Ttui  Ttu1= 20tex 



 76

Ttu2=Ttu3= 10x2 Tex 
    From edges:  Ttum = Ttu1 = 20 tex 

 weft:    Ttb = 16,67 tex 
 
2.2.Yarn density: 

 warp;     Pu1= 200yarns/10cm 
Pu2= 300 yarns /10cm 
Pu3= 500 yarns /10cm 

 weft;     Pb = 250 yarns /10cm 
 
2.3.Yarn contraction; 

 warp in stripesi;   au1= 9,8% 
au2= 6,9% 
au3=5,9% 

 the weft stripesi;   ab1= 13,5% 
ab2= 11,6% 
ab3=9,8% 

 medium    abmed=12,5% 
 
2.4 Loss or gain of weight;     

pf=4% 
 
2.5. Mass calculation of the fabric: 

(1) 

        
    2.6. Calculation of the bonded fabric weight 
 

2.6.1.Weft plain 
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Modified mass calculation 
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Calculation of density 
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Calculation of the warp yarn density stripe thickness 
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Calculation of density by weft yarn 
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2.6.2 The twill D 2/1 
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Modified mass calculation 
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Calculation of density 
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Calculation of the warp yarn density stripe thickness 
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Calculation of density by weft yarn 
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2.6.3 Bond rips D 2/12 
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Modified mass calculation 
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Calculation of density 
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Calculation of the warp yarn density stripe thickness 
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Calculation of density by weft yarn 
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The Compliance Test for the weft system 
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The Compliance Test for the weft system 
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 The Compliance test for the mass  
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Calculating the number of reports related to the width lf 
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Calculating the width of the stripes for liaison  
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Calculation of the total width of the bonded stripes 
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cmLi
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L
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147

81,112645,03

562617,22

45,7845,02631
        (22) 

 
3. CONCLUSIONS 
 
Changing the whole of the fabric weight can be done by changing the mass of each partial 

woven fabrics.The proposed method for mass modification consists in identifying and determining the 
partial structural fabric components and their mass change.[5-6] To change the mass densities chosen 
method which involves designing a woven fabrics with weft yarn density, so the fabric assembly 
reference model resulted in a new woven fabric with a mass change. 
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Abstract: Based on the principle that a body to be obtained by sewing the material to provide resistance and the 
like in the stitching assembly, the experimental study of which developed resistance is compared with the 
resistance materials to effectively assembled by the assembly line. The experimental values resistance for 
assemblies were obtained in the testing for resistance to sliding stitch ASTM D 434 using Tinius Olsen  HK5T 
test type machine. 
The assembly strength was determined for warp knitted fabric and satin charmeuse, made of poly-filamentary 
wires and mono-filament polyester and polyamide. Resistance assembling is one of the major determinants of the 
quality of the stitching. It is defined as "the tensile strength or friction." Tenacity stitching seam rupture is the 
force recorded at its weakest point. Seam abrasion resistance is the number of cycles required friction mesh 
destruction of seam. 
It can be said that the strength of the used assembly, the seam 301 is achieved by, in most of the cases, lower 
resistance knitted studied. In these cases, the primary findings presented, it is clear that the assembly is not 
appropriate in terms of reliability and maintainability of the product. Such a situation requires a first step to 
change the type (class) of stitch used. Another way to remedy the deficiencies could be using a sewing thread 
with a lower finesse or strength in grain, especially in the upper loop of wire used in the study-specific. 
 
Key words: fabrics, structure, assembly, knitted fabric, satin, material 

 
 

 1. INTRODUCTION 
 

The main factors affecting the strength of assembly are: 
 
♦ Factors linked to seam 
• stitch type - assembly generally made with a stretch stitch type chain is stronger than an 

assembly made of a rigid seam, of a simple stitching type. 
• stitch density - a density greater resistance favors, but too high values lead to the destruction 

of the material and implicitly to decreased resistance assembly 
• thread tension - tension is preferable to stronger wire being careful not to produce seam 

wrinkling 
 
♦ Factors linked to sewing 
• wire resistance - from the point of view of resistance wire, loop resistance has a greater 
influence on resistance than the resistance in grain assembly.[1-2] 
A resistance of assembling must be equal to that of the material assembled so as to achieve a 

balanced that will withstand the stresses to which the product will be subjected during wear. For this 
reason the choice of qualitative and quantitative factors should be weighted influence, to prevent an 
over strengthening is not required assembly. [3] 
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2. PRESENTING COMPARATIVE EXPERIMENTAL VALUES RESISTANCE 
FOR ASSEMBLING 

 
The experimental value resistances for assemblies were obtained in the testing for resistance to 

sliding stitch ASTM D 434 using Tinius Olsen machine type test HK5T. The average values obtained 
are summarized practical data for all four types of knitted studied in Table 1, together with strength 
and elongation at break for knits with and without assembling.[4-5] 

 
Tabel 1. The experimental values determined for the resistance assembling 

sample test with assembly 
free sample test assembly 

 
Code knit 

breakout 
force[N] 

elongation at 
break[mm] 

breakout 
force[N] 

elongation 
at 

break[mm] 

resistance 
assembly[N] 

P275 30 273,75 28,13 522,22 37,86 280,45 
P275 45 281,175 34,5 582,15 43,85 282,16 

P275 60 300,70 44,16 620,62 54,41 309,78 
P275 90 265,59 21,93 615,81 35,35 246,6 

P26 30 361,18 35,75 390,21 35,39 367,37 
P26 45 229,28 35,37 341,81 43,13 312,5 
P26 60 353,38 40,30 529,71 41 366,63 
P26 90 291,98 27,46 527,69 30,16 329,27 

R25 30 274,26 45,51 355,60 50,88 279,5 
R25 45 237,70 46,01 439,48 53,02 262 
R25 60  171,85 40,92 682,84 67,99 177,23 
R25 90 151,55 38,115 477,25 57,26 155,94 

R2030 152,78 50,53 179,70 45,89 280,73 
R20 45  139,47 50,91 193,98 46,25 143,5 
R20 60  143,69 53,58 188,08 54,51 146,24 
R20 90 162,43 51,12 199,01 47,14 167,13 

 
For charmeuse fabric of polyester filament yarn of poly-P275, relatively uniform resistance 

varies with the angle of assembly test. The maximum value is recorded for the angle of 60 °, while the 
minimum value finding angle of 90 °. 

Figure 1 illustrates the change in resistance compared with the resistance of assembly due to 
the fabric-free assembling [5]. 

The chart shown highlights of the assembly similar behavior for the four-way test. At the same 
time it can be seen that the fabric strength is much superior to the resistance of assembly, the double 
knitted fabric resistance values, regardless of the direction of testing. This indicates that the assembly 
is too little resistance compared to fabric. Consequently, as was found during testing and assembling 
fails first, at relatively lower values. 

The things are somewhat different in the case of satin fabric of polyester filament yarn of 
poly-P26. In this case, test direction of 30 ° and 45° were similar values were obtained for resistance 
of the assembly and the resistance of the fabric, which suggests that these assembling are equilibrate. 
For angles 60 and 90 ° can vary substantially between the two values, raising again the question of 
insufficient resistance against the fabric assembly.[6] From the point of view of the resistance 
variation with angle assembly arrangement of fabric in assembly, one can observe a uniform behavior 
at the request of stretching the range exceeding 50N. It can therefore be concluded that the directions 
of 30 ° and 45 ° are optimal for the realization of a balanced assembling.[6] 

 
Fig. 1: Assembled with the angle of change in resistance test Knitting P275 
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Fig.2: Variation of the angle resistance test assembly for fabric P26 

 
Figure 3 shows a graph of resistance for comparison assembly in the case of knitted fabrics 

made of polyester yarn. From the graph it appears that the two resistant knits in different assembly, 
satin fabric is superior in this regard. The largest differences are found for the directions of 30° and 
90°, about 25% of the top. For the other two directions are not those great differences of 9.5% and 
15.5%. 

 
 

Fig. 3: Graph versus change in resistance assembly for knitted fabrics made of polyester yarn 
 

Charmeuse fabric of yarns of polyamide 25 is characterized by a steady decrease in resistance 
assembly on the four-way test. This decrease is more pronounced for the last two lines of the 
arrangement of fabric in assembly, leading to the resistance assembly angle of 90° to about half the 
value corresponding to the angle of 30°. From the comparison chart shown in Figure 4 that the best 
situation in which assembly and fabric have similar resistance is the direction of 30°. Otherwise, the 
assembly is significantly less resistant than the material.[5-6] 

 
Fig. 4: Variation of the angle resistance test assembly for fabric R25 

 
Satin fabric of yarns of polyamide 20 is the only one that presents a distinct situation from the 

other knits. Do not forget that this is the only fabric made from mono-filament yarn, which in addition 
have and greatest finesse. Figure 5 shows the variation of the angle resistance test assembly for this 
type of fabric. It can be seen that for the 30° direction is greater the assembling resistance than the 
resistance of the knitting fabric in an amount of 280N, while the strength of the fabric is approximately 
180N. This indicates that the assembly is too strong in that case. It should also be emphasized again 
during testing of the assembly behavior of satin fabric R20, it was found breaking and jerking knitted 
and then an assembling. 

The rest of the test lines of assembling strength is much lower, approximately half of the 
maximum value recorded for the 30° direction. The differences from the fabric resistance are not so 
large and R20 is preferably the fabric assembly in the direction of 45°, 60° and 90°. Moreover, the 
behavior of assembling directions 45° and 60° is the same, the values are almost equal. 
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Fig. 5: Variation of resistance test assembling angle fabric R20 

 

 
Fig.6: Graph compared to resistance variation for knitted fabrics made from yarn assembling PA 

 
A  comparison graph of the assembling resistance to the knitted threads of polyamide from 

Figure 6 shows that the knits have a similar behavior to the directions of 30° and 90°, while the other 
two angles are distinct differences in test value. If the angle test angle of 60° the two values are closer 
to assembling resisntace, the difference being about 17% for the test the angle of of 45° if the 
difference reaches 45%. It can be concluded that the assembly is obtained for best R25 fabric [7]. 

 
3. CONCLUSIONS 
 
As a general conclusion, we can say that the resistance assembling used, made by stitching 

301 is one of the cases, being at a lower resistance by the studied knittings. In these cases, the primary 
findings presented, it is clear that the assembly is not appropriate in terms of reliability and 
maintainability of the product. Such a situation requires a first step to change the type (class) of used 
stitch. Another way to remedy the deficiencies could be using a sewing thread with a lower finesse or 
strength in grain, especially in the upper loop of wire used in the specific study[5-7]. 

There are also knits that assembly directions are balanced in terms of resistance. These 
directions are given priority in the design of product lines for sectioning, which can be the basis for the 
development of new approaches style products, and reinterpreting the existing problems in order to 
optimize the seam and the product reliability and maintainability 
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Abstract: This paper is based mainly on experience and is the result of optimization analysis of work operations 
in departments that make clothing products, with maximum 200 workers and financially unable to invest in 
expensive technical equipment. The analysis takes the problem of increasing productivity for some work 
operations, such as the operation of the realisation of loops, cutting them to the required size, forming packages, 
for their application to the top of the pants. The analysis performed was concerned not only with increasing 
productivity but also to create better working conditions for workers. Of course, through a thorough analysis 
can be improved and other working methods. Ergonomic workplace organization, centralization of operations 
or handling study due to their repetitiveness, can result in significant savings of time working. Equally it may 
affect the operations times for making garments and methods of employment with cut marks and accessories 
needed, or how to discharge processed workpiece. This paper outlines some options for improving the 
performance of companies producing textiles, in idea of increasing labor productivity and product quality. Even 
if a firm producing textiles, has sufficient financial resources for modern equipment, the studies conducted by 
experts, can brings improvements in working time and this without high costs. 
 
Key words: loop, work operations, loop machines, screen printing, patterns 
 
 
 

1. INTRODUCTION  
 
Of course, manufacturers have designed sewing machines that are getting more efficient, but 

at the same time becoming more expensive.[1-2] 
 The economic crisis led to the bankruptcy of a large number of textile factories, and in their 

place appeared little workshops that make clothing, with a small number of workers and poor technical 
equipment. 

 
  2. ANALYSIS OF THE OPERATION OF MAKING LOOPS 
 

In this workshop an analysis was made to optimize work processes. The workshop is equipped 
classically, have 100 employees that manufacture about 400 sports pants and can not afford to make 
investments to buy modern machines with increased efficiency and low latency. 

 Among the analysed process steps and operations, was the realization of the loops, which has 
been submitted to the analysis due to delays in the supply of other operations. It was analyzed in 
detail, regarding the organization of the workplace, supply and exhaust system, performance of the 
machine that executed loops, and worker`s rhythm of work. [3] 
 
   2.1. Existent situation  
 

Work is being done on a trimming and loops making machine, with a coating seam and 
strengthening material inside.[4] 

 The orders of work are small and have many colors. The time scale was checked, taking into 
account the frequency of thread color or fabric guide changes. 
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 After sewing a package of loops, the worker prepared for cutting them to the size required, 
putting a bandage on her fingers! The first conclusion about the delay in supply of loops was the 
worker discomfort caused by the prolongued handling of scissors, in a layered material.[5] 

 

 

 

Fig.1: Trimming and loops making machine Fig. 2: Driving device and the strip of reinforcement 
material 

                              

 
Fig. 3. Loop. Transversal section representation 

 
2.2. The improved situation. Version 1 

 Without any additional investment, a sewing and trimming machine was set close the loops 
machine. After sewing the loops, they will be cut with this sewing machine (without needle), guided 
by different indicator points of cutting length. Evacuation of cut eyelets is done by sliding them into a 
collection box.[5] 

 
Table 1. Comparative  results 

EXISTENT SITUATION IMPROVED SITUATION./ VERSION 1 
Average 
time type of 
operation 
performed 
for 60 loops
(10 pants ) 

Average 
time for 
cutting with 
scissors and 
putting 
loops in 
packages 

 
 
Total   

1. 

Average time 
of operation 
performed for 
60 loops 
(10 pants) 

Average 
time for 
cutting loops 
with the 
sewing 
machine. 

 
 
 

Total 2. 

     
 
 
 
 
Difference 
 
 
     

    Work 
operation 
Trimming, 
making 
loops  and 
putting 
them  in 
packages. 

1,65 min. 2,20 min. 3,85 
min. 

1,65 min. 1,20 min. 2,85 min. 1,00 min. 

 
Result 1.    TIME REDUCTION = 1,00 min / trouser 

 
2.3. The improved situation. Version 2 

               The loops are applied on top of trousers, with a sewing and correction machine which will 
cut the bag pockets excess mterial. 
 At the top of the trousers will be projected through a slit, a bright light stripe marking where to 
find the free end of the loop. The worker receives the belt loops uncut. He fixes the end of the belt 
loops where the light indicates and fixes it at the top of the trousers, at the same time executing the cut 
of the loop. This process is repeated until all loops are fastened on the trousers. Belt loops are fed from 
a roll that was wrapped simultaneously with the execution of loops.[5] 
 Compared to Version 1, the average time for the cutting loops with cutting machine located 
in the vicinity of the machine that makes loops was eliminated, and also the time for packaging  loops, 
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which according to situation no. 1. is 1.2 minutes, with cutting loops being realised during the fixing 
operation( coupling of operations ).[5] 
 
                                                                    Table 2. Comparative results. 

EXISTENT SITUATION IMPROVED SITUATION./ 
VERSION 2 

Average time 
type of 

operation 
performed 

for 60 loops 
(10 pants ) 

Average time 
for cutting 

with scissors 
and putting 

loops in 
packages 

 
 

Total     1. 

Average time 
type of 

operation 
performed 

for 60 loops
(10 pants ) 

 
 

Total     2. 

 
 
 
 

Difference 

Work 
operation 
Trimming, 

making 
loops  and 

putting 
them  in 
packages 

1,65 min. 2,20 min. 3,85 min. 1,65 min. 1,65 min. 2,20 min. 

 
Result 2.    TIME REDUCTION = 2,20 min . / trouser 

 
3. ANALYSIS OF MARKING THE PLACE OF APPLIED POCKETS ON THE 

BACK OF PANTS 
 

3.1. Current situation 
The place of back pants pockets, is marked using cardboard auxiliary templates. These have 

the contour of pocket cut out, allowing it to be outlined with chalk. The template is positioned on the 
back of the trousers, matching the cuts/bytes with the bites of the back pant cut .[2,4] 

Average time for marking the contour of pockets: 
              
                                             Nt = 0,50 min. / 2 pocket . 

 
  3.2. The improved situation  

A screen printing with the outline of the shape of the pocket and perforated will be used. The 
screen is a hard surface, on which different shapes are cut. In the clothing industry, it is used to 
perform highly repetitive enrollments. Classical method consists in placing the screen above the fabric 
and spraying him with chalk dust. Chalk dust enters the perforations giving the textile material these 
contours.[5] 

 The improved situation will do the opposite. There is a need for a container which contains the 
powder of chalk, who is connected to compressed air and is covered with a fine screen, with the size 
of screen printing. The screen sits on the fine screen and is positioned according to the markers. 
              Over the screen sits the back of trousers, fabric face down, matching the nicks and positioning 
marks. At the push of a button, air drives the chalk dust through the screen. It enters through the 
perforation templates, marking simultaneously all around the pocket on the back of the trousers. 
 
            Results 
           After counting, the average time for marking the site of application of the two pockets is: 
 
                                                         Nt = 0,20 min . 
 
            Compared to the original method there is a reduction of 0,30 min / trouser .[5]   

 
 

4. CONCLUSIONS 
 
Even if the financial situation of the company does not allow investments, a careful analysis of 

phases of work, finding weaknesses and finding inexpensive solutions can increase production 
efficiency.   
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Abstract: Experimental research presented in this paper are based on septic properties of silver. The experiment 
creates premises for developing  of project concepts, products and inscriptions (applications of graphic signs), 
ionization treatments with silver ions, which ensures the quality of the septic product  in an ecological  way (no 
preservatives and no toxic chemicals), characterised by a modern design. Thus developing concepts of textile 
products, the development of accessories needed for manufacturing  textile products that ensure the property of 
being septic, development of eco-friendly products without thermochemical treatments, are applications that the 
designer can achieve based on the properties of silver. The paper presents both technological capabilities and 
properties of silver to be able to be used in the field of textiles, as well as the creativity of designers to generate 
ideas for new applications of this material in the field of industrial products in the textile, garments. The 
importance of the designer's involvement in creating septic and ecological products, which respecst the 
environment represent the focus of this work. The deformability properties of silver are the inspiration for 
designer even when it shows major deformities, caused as a result of tests of endurance. Surface modifications of 
this material can cause identification of applications of this precious metal, turning in esthetic product, scrap, 
samples, test specimens subjected to various tests. 
 
Key words: design, silver, septic, eclogical, textile product.. 
 
 

1. INTRODUCTION  
 
The use of silver or silver alloy in textiles and accessories, requires knowledge of the reaction 

of the metal processing by cold plastic deformation [1]. The textile industry, produces a wide range of 
textile fabrics in a range of thicknesses, degrees of fineness, composition, structure. Regardless of the 
type of material you are going to apply to the accessories, they must be safe and the must lasting 
during use. The attachment must be free of processing traces, which would affect the aesthetics of the 
product, to be easily mounted and used to provide safty, to be easy but sturdy, and ergonomic. The 
textile industry in its development requires solutions to provide proper hygienic conditions, safety and 
comfort, without contaminating the environment. For stopping the process of contamination of the 
environment, will be undertaken in new procedures and approaches, which are safe and with low 
toxicity to skin. Metallic ions of silver with bactericide action, are related to "inorganic supports", so 
that the release of agents in the environment is done gradually, steadily and sustainably. The efficacy 
of antiseptic qualities of silver ions, have a fast, strong action and are non-toxic and non invesive for 
environment [2]. The experiments presented in Fig.1, has proven that these elements provide the 
ability to annihilate bacteries. There are two systems of actiona of bactericide: 

 Due to the removal of silver ions in water or moist air, the catalytic action of ions takes place 
by destroying the plasma membrane of bacteria cells, through the potential difference between 
the external and internal side of the cells. 

 Penetration of the silver ions of the plasma membrane of the bacterial cell, destroying the 
cytoplasm. The use of silver ions from these products is recommended to prevent the 
transmition of diseases and infections through textile materials. 3 
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Silver can be used in textiles industrie or fashion, or in technologies that involves the  
treatment of fabrics due to its antiseptic properties, as well as in the field of accessories, thanks to its 
aesthetic and technological properties. 

 

 
               a.                                     b.                                                        c. 

 
                      d.                                                                    e. 
Fig.1: Phases of the experiment regarding the  influence of silver for preserving  food in packages that contain 
silver elements: a. Food samples, b. Packaging with silver elements  and food samples, c. Macromorfological 
aspect of the colonies developed, d. Coloured microscopic blades, e. Micromorfological aspect  of the colony 

from samples-mycenaean filaments with spores(1000x)[2] 
   
  2. GENERAL INFORMATION  
 
  2.1 Silver properties 

Fine silver (Ag999,6 0/00), precious metal, is used due to its resistance against corrosive 
agents: in the chemical industry for the manufacture of receptacles; in electro technical industry is 
used because of its high conductivity, in the manufacture of electrical contacts; in the construction of 
machines is used due to antifriction properties, particularly in the manufacture of aircraft bearings. 
Silver alloys are non-ferrous alloys which are obtained on the basis of fine silver. Silver alloys are 
forming alloys with different metals in the amount imposed for producing the desired alloy, in order to 
obtain certain properties. Silver alloys keep the essential qualities of metal and the alloying elements 
contribute to the improvement of some features (e.g., increasing hardness) and changing aesthetic 
properties (color). Silver-based alloys can be obtained only by alloying with copper, gold, zinc, etc., 
but do not form alloys with iron (because some metals do not dissolve in the molten state, Ag-Fe being 
one of them). 

The most important physical and mechanical properties, of silver are [4, 5, 6, 7]: 
 Reflects the rays of the Moon, is opaque, the reflected light appears white silver; 
 The mark made by silver can be white-silver, yellow, grey to black; 
 From the contact with air is covered with a dark film, an oxide layer that makes reflects the 

ageing process, an effect that can be used for aesthetic purposes and that prevents oxidation in 
depth of silver; 

 Polished, has a beautiful glow due to the high power to reflect  light; 
 The capacity of reflecting in aer is 95,5% for green and is 93% for red;  
 The index of refraction is 0,181; 
 Is isotropic; 
 Silver Hardness is 2.5 (on Mohs scale); 
 Specific weight is 10,4923 g/cm3;  
 Melting point is 960,50 ° C;  
 Boiling point is 217000 C;  
 Vaporization temperature 22120C; 
 It is very plastic A5=48-50 %; 
 Is soft (softer than copper and harder than gold) being easily scratched with a sharp object, is 

light, malleable, ductile, stainless steel; 
 Does not combine with oxygen, but it dissolves large amounts of oxygen in the molten state 

(up to 22 times its volume), which is removed after solidified by throwing metal sprays, which 
is why silver just can't pour out; 

 Presents the highest thermal and electrical conductivity of elements;  
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 Doesn’t clive and often forms angular particles;  
 Crystallization system is cubic (4/m³/m 2); 
 Rarely presents itself in the form of crystals, often in the form of twisted fibers, dendrites, 

irregular plates, sometimes curved plates, nuggets, compact masses, foils, etc.; 
 When there are crystals they are have the form of dodecaedru; the coefficient of linear 

expansion is 1.92 x 10-5 at 40�; 
 Is diamagnetic;  
 Almost all combinations of this metal are non-toxic; 
 Allows the passage of light in foil with thickness of min. 0, 003mm; 
 From one gram of silver can be obtained a thread length of 2,6 m by pulling it; 
 A silver wire with a diameter of 1 mm can support a weight of 16.5 Kg; 
 Cristalisation can be of a cubic or octahedron type;  
 Separation of silver takes place through: fusion, extraction; 
 Can form alloy with Cu, resulting in a light alloy workpiece coloured white (malleable); 
 Can form alloy with Hg, resulting in an alloy with a strong glow (in the form of foil results in 

being the reflective surface of the mirror); 
 Can form alloy Ni and Cu, resulting in a alloy used for making coins (by hammering); 
 The titles used are: for jewelry 7500/00; 8000/00; 8750/00; 9160/00; 925 0/00 ; for medals and vase 

8000/00; 9000/00; 9250/00; 
 Nitric Acid affects silver until it is dissolved even in cold condition, and sulfuric acid affects 

silver in warm state; 
 When the silver has a high title (9250/00 ), and it interacts with a reactive solution of potassium 

bichromate (saturated solution in nitric acid 45%), it results a precipitate of intense red color 
called “dove’s blood”; 

 An alloy imitating Ag is mailsort (also known as the silversmith, alpaca), containing 60%Cu 
+20%Ni +20%Zn or crisocal (Cu alloyed with Zinc); 

 Ag is the whitest metal and is distinguished from white gold and platinum by the peculiar 
brilliance, platinum has bluish shimmer, and gold is slightly greenish white. 

Fine silver (according to STAS 3321-93) has the mark Ag 999,6 with a content of 99,96%. 
 

    2.2 Silver machinability 
 
Researches in the field of accessories, shows that there are certain preferential technologies 

used in their processing. Experimental research presented in Fig.2 and Fig.3 shows that the processing 
of silver and silver alloy does not require large deformation forces. The forces required for the 
processing of silver are lower than those required for silver alloy. Although ductile and malleable, 
silver and silver alloy are changing they’re proprieties due to plastic deformation, requiring the 
application of heat treatment like annealing and recrystallization. Tools used for the processing the 
silver accessories must be thoroughly finished because the macro and microgeometrice defects of the 
tools is printed on the finished part, turning it into the scrap or requiring additional labor to remove 
these defects. Depending on the piece, it can have a certain finish hardness, imposed by technology, 
machine, tool, the degree of hardening, and the heat treatment. The major priority for design is for the 
finishing of the product. The difference between glossy and mate surfaces, the fine lines on the 
surface, and other effects, (from simple to complex ones), contributes to increasing the aesthetic value 
of the accessory. Experimental researches carried out on silver, have demonstrated that the designer 
can use, due to the aesthetic properties of the material, both the finished products and scrap resulting 
from the manufacturing process of this noble material.  

Such pieces and debris resulting from mechanical and technological tests, represents a 
challenge for the designer in the establishment of ecological benchmarks (reuse, recovery, redesign, 
rethinking). Thus, attempts to traction, rolling and structural changes and microgeometrics specimens 
can be exploited through aesthetic and function by the designer. In Fig.4 are examples of the 
technological scrap that can be used by the designer for creating accessories, or other applications with 
septic and decorative purposes. 
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Fig.2: The law of variation of wireing process of silver and silver alloy  

(AgCu800)[4] 

 
Fig.3: The strength of distortion at  warping  silver and silver alloy [4] 

 

 
Fig.4: Technological silver and silver alloys planks and scrap that can be creatively applied  ty the  

designer to create  products with aesthetic value and septic properties 
 

3. EXPERIMENTAL RESEARCH OF SILVER IN TEXTILE DESIGN 
 

3.1. Experimental data and proposals for accessories 
The experiment carried out by using two type samples, packages of different samples of agri-

food products with and without silver, showed that silver has a positive effect on the samples used by 
slowing the processes of dehydration and development of microorganisms cultures. Having inhibitory 
effect on dehydration, growth and multiplication of micro-organisms, these results allow to develop 
design concepts for: keeping food, accessories and items of clothing with septic properties, 
exemplified in Fig.5. 

 

 
 

Fig. 5: Staples and silver buttons, esthetic and functional role, septic 
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  3.2. Experimental data concerning the application of silver ions on the labeling of textiles 
The experiment carried out using silver nitrate concentration of 1%, used as a method of 

working samples of different materials, different textures, finishes and colors, which have been 
applied by inserting glyphs using paintbrushes. Being a light sensitive solution, silver nitrate acted 
differently, Fig. 6, on those samples. Coloring the fabric with silver has the purpose to make the 
material septic helping people with high sensitivity to allergies, and giving the fabric an esthetic 
design, that can be custom made. 

 

   
Fig. 6: Inscriptions made by applying the solution of silver nitrate on different types of textile fabrics, giving 

them functional, esthetic and septic purposes. 
 
3.3 Experimental data and proposals for eco-concepts 
The technological scrap arising from attempts to wiring, casting, rolling, laminating silver 

presented in Fig. 4, represents a challenge for the designer, in the sense of creating eco-concepts. 
   

 
Fig. 7: Decorative applications of silver items resulted from debris and technological samples presented in 

Fig. 4 
 

Half-finished products and the technological scrap pieces of silver are a reliable source of 
generating ideas for accessories that can be used in the fashion design whit the purpose to protect 
sensitive people against microorganisms and allergies. The use of this scrap pieces shows that silver 
does not present the "pulling out of use”stage in its life cycle. Being a noble metal it supports 
unlimited number of cycles in the recovery. In Fig. 7, are presented concepts of eco products. These 
products can be declared as eco because they use creatively materials recovered, recycled or coming 
through from technological tests (results shown in Fig. 2, Fig. 3 and Fig. 4). The products shown are 
aesthetic and functional. These ecoconcepts have septic properties due to the use of silver, and they 
also have a decorative value. 
 

4. CONCLUSIONS 
 

Aesthetic, technological and septic properties of silver can determine the development of 
design concepts which shows positive impact on human health. Applications of silver are based on its 
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ability to be recoverable, reusable and nontoxic for the environment. Theoretical and experimental 
research has led to the following conclusions: 

 accessories made of silver can be used for functional, aesthetic and septic purposes; 
 use of accessories from silver can have a preventive or curative purpose for people who 

need a septic environment; 
 use of silver ions in embossing and treating of textiles, is an organic, septic method, 

welcomed in the cases of products made for children or adults with allergy issues or 
otherwise, and which prevents the use of chemical substances; 

 use of silver ions in the labelling of textile products and treatment can be performed by 
anyone, the application of a layer of silver nitrate, allowing customization of textiles or 
garments; 

 modelling silver does not impose strong deformation forces, which allows its use in 
creating objects/accessories in a wide variety of shapes, sizes, finishes and alloys (with 
silver), through a wide range of techniques and technologies (from of manufacturing 
technologies up to the industrial scale of productivity). 
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Abstract: Protective equipment represents an alternative for the sustainable development of companies and for 
human health protection. The insertion of "invisible functionalities" in textile structures, the use of functional 
elements as part of the whole garment are just a few tools which define "freedom" of creation in the field of 
textiles. The electrical, chemical and mechanical properties of conductive textiles are crucial for intelligent 
textiles. ESD garments are used to protect sensitive devices from electrostatic discharges that can occur from 
the normal clothing of the human operators. ESD garments on the market don’t solve all the problems raised by 
accidental electrostatic discharges. This is because the fabric, from which the garment is made, must fulfil at the 
same time two contradictory conditions: high resistivity, to limit the charging process and energy transfer in 
case of an eventual discharge, and high conductivity, to facilitate the dissipation process of charges, thus 
limiting the accumulation of charge on the fabric. To obtain an ESD garment with superior qualities, the present 
paper proposes the development of a bilayer structure using the integral knitting technique. The outer 
layer, which comes in contact with the working environment, is mainly dissipative (DL) which ensures the 
protection against short circuit and limitation of electrostatic energy transfer into the working environment, 
while the inner layer, which comes in contact with the human operator, is mainly conductive (CL), providing the 
controlled drainage of accumulated electrostatic charge. 
 
Key words: electrical discharge, knitting, protective clothing 
 
 

1. INTRODUCTION  
 

Electrostatic discharges are caused when a sufficiently amount of charge accumulated through 
different mechanisms (friction, induction or corona charging) [1-3] is suddenly released on a nearby 
object. The magnitude of these discharges depends on a number of parameters, such as: air gap 
between the charged object and the one to which the discharge will be made, humidity, resistivity of 
charged object, etc. [4-6]. Controlling these parameters can help minimize the risk of an electrostatic 
discharge. 

When human operators are met on the production line of devices sensible to electrostatic 
discharge, a different protection measure is taken into consideration, namely ESD garments, which 
reduce the risk of an ESD from the operator’s normal clothing to the sensitive device. ESD 
garments on the market don’t solve all the problems raised by accidental electrostatic discharges. 
This is because the fabric, from which the garment is made, must fulfil at the same time two 
contradictory conditions: high resistivity, to limit the charging process and energy transfer in case of 
an eventual discharge, and high conductivity, to facilitate the dissipation process of charges, thus 
limiting the accumulation of charge on the fabric The protective garments must also have shielding 
properties, to prevent the electrostatic fields generated under the garment to induce charge to nearby 
objects [7] and good anti-static properties, so that they won’t generate electric charge when making 
contact with other materials [8]. 

To satisfy the conditions for ESD garments (high resistivity and high conductivity), a bilayer 
structure of the fabric was developed. The bilayer structure offers both high resistivity and high 
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conductivity, required for the ESD garments, while the integral knitting technique ensures the 
electrical conductivity throughout the fabric. An additional requirement for the inner layer is to ensure 
the user’s comfort. 
 

2. EXPERIMENTAL PART  
 

 Two-layer knit variants were made with plaited structures, with parallel evolution of two or 
more yarns with strictly determined relative position as a result of their submission at different angles 
(plaiting yarn V at an angle smaller than ground yarn F). The most used knitted structures are jersey 
and rib structure. In case of jersey structure, the plaiting yarn V appears on the foreground on the front 
and the ground yarn F, on the foreground on the back of the fabric. In case of rib structure due to 
alternating of front-back wales - both the plaiting yarn (at front aspect stitches) and the ground yarn (at 
rear aspect stitches) will be present on the foreground, on each side of the fabric. 

Both types of fabric were made on STOLL knitting machines, from SC Tanex SRL, with a 
possibility to have a differentiated adjustment of yarn tension so as to ensure the correct plaiting of the 
fabric (Table 1 and 2). 

1. Rib1x1  
 

Table 1: Rib structure 

 
2. Single jersey 
 

Table 2: Single jersey structure 

MSEC Value Description 

 
 

Yarn used:  
- ground yarn: Nm 50/3, 100% cotton;  
- ground yarn: Nm 30/2, 100% wool;  
- plaiting yarn: conductive yarn type 2: 75% cotton + 25% epitropic yarn (Nm 34/1 carbon 

coated polyester);  
- plaiting yarn: conductive yarn type 3: Nega-Stat P210, 112 dtex 12 f, polyester filament with 

trilobal core and carbon outer layer; 
- plaiting yarn - conductive type 4, Nega-Stat P190, 155 dtex, 24f, polyester filament with 

trilobal carbon inner core;  
- plaiting yarn - conductive type 5, nylon filament superficially saturated with carbon 

particles. 
 

Table 3: Samples resulted after experiments 

Sample 
No. 

Structure F1/Front F2/Rear 
Conductive 

yarn 
percentage

1 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn + three yarns type 4 6% 
2 plaited rib one cotton yarn + one yarn type 2 one cotton yarn+two yarns type 3 5% 
3 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn +two yarns type 3 5% 
4 plaited rib one cotton yarn + one yarn type 2 one cotton yarn + three yarns type 3 6% 
5 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn +one yarns type 3 4% 
6 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn +two yarns type 4 6% 

MSEC Value Description 

MSEC 3 0.55 Transfer speed 

MSEC 4 0.60 Knitting speed 
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7 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn +one yarns type 4 5% 
8 plaited rib one cotton yarn + one yarn type 2 one cotton yarn +one yarns type 4 4,5% 
9 plaited rib one cotton yarn + one yarn type 2 one cotton yarn +two yarns type 4 6% 

10 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn +one yarn type 5 4,5% 
11 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn +two yarns type 5 6% 
12 plaited jersey one cotton yarn + one yarn type 2 one cotton yarn + three yarns type 5 7,5% 
13 plaited rib one cotton yarn + one yarn type 2 one cotton yarn + three yarns type 5 7,5% 
14 plaited rib one cotton yarn + one yarn type 2 one cotton yarn +two yarns type 5 6% 
15 plaited rib one cotton yarn + one yarn type 2 one cotton yarn +one yarn type 5 4,5% 
16 plaited rib one wool yarn + one yarn type 2 one wool yarn +one yarn type 5 4,5% 
17 plaited rib one wool yarn + one yarn type 2 one wool yarn +two yarns type 5 6% 
18 plaited rib one wool yarn + one yarn type 2 one wool yarn +two yarns type 5 7,5% 
19 plaited jersey one wool yarn + one yarn type 2 one wool yarn + three yarns type 5 7,5% 
20 plaited jersey one wool yarn + one yarn type 2 one wool yarn +two yarns type 5 6% 
21 plaited jersey one wool yarn + one yarn type 2 one wool yarn +one yarn type 5 4,5% 

 
3. RESULTS 
 
In order to characterize the 21 knitted fabric samples (table 3), complete sets of tests were 

conducted for the following parameters: weight [g/m2], thickness: density (wales/10cm, rows/10cm), 
thickness (mm), air permeability (l/m2/s), water vapour permeability (%), thermal conductivity 
(mW/mK), thermal resistance (m2KW), shielding factor (S), discharge time (s) (Table 4a and 4b). 
 

Table 4a: Characteristics of knitted samples 
Density Sample 

no. 
Bilayer 

structure 

Type of 
yarns 

combination 

F1  yarns 
combination 

F2 yarns 
combination 

Weight 
[g/m2] rows/10cm wales/10cm 

Thichness, 
[mm] 

5 

one cotton 
yarn 

+one yarn 
type 3 

470 43 92 1,58 

3 

one cotton 
yarn 

+two yarns 
type 3 

495 41 90 1,63 

7 

one cotton 
yarn 

+one yarn 
type 4 

487 44 86 1,63 

6 

one cotton 
yarn 

+two yarns 
type 4 

508 44 79 1,69 

1 

one cotton 
yarn 

+three yarns 
type 4 

525 43 84 1,62 

10 

one cotton 
yarn 

+one yarn 
type 5 

597 47 81 1,62 

11 

one cotton 
yarn 

+two yarns 
type 5 

589 47 82 1,66 

12 

Cotton 
yarns 

combination 

1 cotton yarn 
+1 yarn 
type 2 

one cotton 
yarn 

+three yarns 
type 5 

634 47 75 1,74 

21 

one  wool 
yarn 

+one yarn 
type 5 

521 47 71 1,65 

20 

one wool 
yarn 

+two yarns 
type 5 

562 47 69 1,65 

19 

Plaited 
jersey 

Wool 
yarns 

combination 

1 wool yarn 
+1 yarn 
type 2 

one wool 603 46 69 1,66 
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yarn 
+three yarns 

type 5 

2 

one cotton 
yarn 

+two yarns 
type 3 

728 38 60 3,41 

4 

one cotton 
yarn 

+three yarns 
type 3 

825 37 63 3,34 

8 

one cotton 
yarn 

+one yarn 
type 4 

705 37 61 3,52 

9 

one cotton 
yarn 

+two yarn 
type 4 

834 37 65 3,32 

15 

one cotton 
yarn 

+one yarn 
type 5 

785 37 61 3,39 

14 

one cotton 
yarn 

+two yarn 
type 5 

828 36 59 3,58 

13 

Cotton 
yarns 

combination 

1 cotton yarn 
+1 yarn 
type 2 

one cotton 
yarn 

+three yarn 
type 5 

878 36 59 3,61 

16 

one wool 
yarn 

+one yarn 
type 5 

766 36 57 3,33 

17 

one wool 
yarn 

+two yarn 
type 5 

802 34 60 3,53 

18 

Plaited 
rib 

Wool 
yarns 

combination 

1 wool yarn 
+1 yarn 
type 2 

one wool 
yarn 

+two yarn 
type 5 

846 33 59 3,57 

 
Table 4b: Characteristics of knitted samples 

Sample 
no. 

Air 
permeability 

l/m2/s 

Water 
Vapor 

permeability 
% 

Thermal 
resistence 
m2K/W 

Thermal 
conductivity, 

mW/m·K 

Shielding 
factor 

[S] 

Discharging 
time 

t1/2  (F1) 

Discharging 
time 

t1/2 (F2) 

Conductive 
yarn 

percent 
% 

5 593,4 39,1 0,03913 40,25 0,84 0,0227 0,0228 4% 
3 646 41,6 0,03901 41,65 0,92 0,0251 0,0228 5% 
7 484,6 42,5 0,03354 48,65 0,82 0,0274 0,0246 5% 
6 475,8 40,9 0,03447 49,05 0,83 0,025 0,0232 6% 
1 539 38,3 0,03869 41,85 0,9 0,0249 0,0268 6% 

10 374,4 36,2 0,03269 49,55 0,72 0,0258 0,0273 4,5% 
11 395 35,9 0,04444 37,35 0,70 0,0252 0,0258 6% 
12 401,4 34 0,03395 51,25 0,81 0,0235 0,0263 7,5% 
21 643 34,2 0,04291 37,45 0,80 0,0253 0,0282 4,5% 
20 601 34,8 0,04099 40,25 0,73 0,0227 0,024 6% 
19 647,6 30,06 0,03567 46,55 0,80 0,0251 0,0255 7,5% 
2 667,8 37,6 0,04950 69,05 0,82 0,0245 0,0245 5% 
4 581,2 40,8 0,04805 69,45 0,82 0,027 0,0238 6% 
8 654,8 38,1 0,05052 69,75 0,78 0,026 0,0268 4,5% 
9 495,8 35,8 0,04664 71,15 0,90 0,0234 0,0241 6% 

15 454,2 30,1 0,05481 61,85 0,81 0,0238 0,0274 4,5% 
14 576,6 28,5 0,05732 62,45 0,83 0,0255 0,0248 6% 
13 609,8 32,4 0,05726 63,05 0,7 0,0241 0,0228 7,5% 
16 593,6 29,3 0,07881 42,25 0,86 0,0252 0,0244 4,5% 
17 800,8 29,5 0,07801 45,25 0,80 0,0236 0,0269 6% 
18 872,2 28,6 0,07786 45,85 0,82 0,0227 0,0241 7,5% 

 
When using a rib structure, voluminousness of the fabric will be higher due to the spatial 

arrangement of the stitch elements, due to an increased amount of incorporated air into the knitted 
structure. These aspects favour on the one hand a very high thermal comfort and on the other hand an 
effective air flow, respectively perspiration vapours between body and environment. 
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From way in which statistical events are distributed can be mention the following aspects: 
- electrostatic shielding factor hasn’t significant differences for the analyzed samples, sample 9 

from rib structure group and sample 3 from jersey structure group shows the best possible attenuation 
of the electrical load (fig. 1); 

- the presence of the yarn type 2 on the front face 1 determine the performance improvement by 
using the yarns 3, 4 and 5 for all knitting configuration, knitting structure does not significantly 
influence the ability of electrostatic discharge (fig. 2); 

- the limits of variation for water vapor permeability is between 28.5% and 42.5%, statistical 
events that agglomerates into optimal zone indicate the presence of the cotton yarn, in patent structure 
(fig. 3). 

- air permeability causes sensations of warm and cool of clothing products, the best value being 
obtained by the samples 10, 11, 12 (374 - 400 l/m2/s), characterized by the presence of cotton yarn and 
conductive yarn element from nylon filament surface saturated with carbon particles (fig.4). 

 

 
Fig. 1: Electrostatic shielding factor Fig. 2: Discharging time 

Fig. 3: Water vapor permeability Fig. 4: Air permeability 
 
4. CONCLUSIONS 
 
A number of 21 samples made by integral knitting technique with different types of 

conductive fibres, which can be used in ESD applications, were tested for their ESD properties. 
The dielectric properties of the same samples were analyzed to see if there is a correspondence 
between them and ESD properties. Analysing the results, it was found that bilayer structure satisfy 
the two conditions for the ESD garments (high resistivity and high conductivity).  
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Abstract: Three-dimensional (3D) textile structures with better delamination resistance and damage impact 
tolerance to be applied in composites for structural components is one of the main goals of the aeronautical 
industry. Textile Research Centre in Canet de Mar has been working since 2008 in this field. Our staff has been 
designing, developing and producing different textile structures using different production methods and 
machinery to improve three-dimensional textile structures as fibre reinforcement for composites. This paper 
describes different tests done in our textile labs from unidirectional structures to woven, knitted or braided 3 D 
textile structures. Advantages and disadvantages of each textile structure are summarized.  
The first part of this paper deals with the introduction of our Textile Research Centre in the field of composites 
and carbon fibre as a main material to produce three – dimensional textile structures. The use of composite 
materials in aerospace structures has increased over the past decades. Our contribution related to this field 
consists of the development of three- dimensional textile structures and even the adaptation and improvement of 
machinery to do it possible. Carbon fibre provides advantages as volumetric fraction and minimum fault 
occurrence. However carbon fibre has also disadvantages as uncomfortable handling delamination and high 
cost of material and processing.  
 
Key words: 3D, composites, carbon fibre, fabric, aeronautics 
 
 
 

1. INTRODUCTION 
 

Three-dimensional (3D) textile structures with better delamination resistance and damage 
impact tolerance to be applied in composites for structural components is one of the main goals of the 
aeronautical industry. 

This paper aims to describe the different conventional fabrics making processes and evaluate 
advantages and disadvantages of each one related to aeronautical industry. 

The first time the Textile Research Centre in Canet de Mar got in touch the field of composites 
for aeronautical industry it was six years ago when a company asked us to produce a cross-shaped 3D 
textile structure. The challenge was brought to the Research Staff, telling them the structure was a 
fitting or beam for aeronautics. Next morning, several 3D textile structures were on the table to be 
assessed. Figure 1 was the closest one to the requirements expressed by the aeronautical company.  
Our quick and right reply showed that company our capability to think, design and produce textile 
structures as well as new answers that fit the needs of aeronautical sector. 

However, after this first contact we studied the requirements the textile structures have to fulfil 
and then we realized the complexity and difficulty it has this field [1].  It was the starting point of our 
collaboration in the field of textile structures for aeronautical sector as a part of composite structures. 
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Fig. 1. Cross-shaped 3D fabric 
Source: CRTTT – Escola de Teixits 

 
2. PURPOSE OF COMPOSITES 

 
Cost increases and the reduction of fossil fuel reserves leads to design more efficient and 

lighter aircrafts. New designs have also in mind the simplification of the production process as well as 
the requirements of reliability and safety of aircrafts. The main goal is to achieve lighter weight 
structural components (carbon fibre or other fibres) to replace metal elements with complex geometry 
as fittings or frames.  

    

 
Fig. 2 Redesigning of aircrafts 

 
3. WHAT A COMPOSITE MATERIAL IS 

 
Composite material is a material made from two or more constituent materials with improved 

characteristics from the individual components. The individual components remain separate and 
distinct within the finished structure. Composite materials are made up of two constituent materials: 
matrix (resin) and fibres /reinforcement (textile structures) [2]. From two constituent materials 
composite materials for aeronautical can be designed. 

It can be generally thought composite materials have been recently invented. However, as 
shown in table 1 [3], composite materials were used from the beginning of world. Composites can be 
found either in the nature or in the human body. Besides, from the early times to present days 
composites have also been invented by humans. However, the fundamental principle of all of them is 
the same. 
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Table 1. Compound materials [3] 

SOURCE MATERIAL MATRIX FIBRES/REINFORCMENT 

Nature Wood 
Natural 
resins 

Cellulose fibres 

Human 
Body 

Bones 
Bone 
calcium 

Collagen fibres 

Adobe Mud Straw 
Ancient 
Times Reinforced 

plaster 
Plaster Horsehair 

Reinforced 
concrete 

Concrete Reinforced steel 

Asbestos 
cement 

Cement’s 
mortar 

Asbestos 

Mortar Fibrous 
mortars and 
concretes Concrete 

Steel, glass, polymeric, 
carbon, vegetable fibres 

Reinforced 
plaster 

Plaster 
Glass, polymeric, vegetable 
fibres 

Polymeric 
mortars 

Resin Sand 

Human 
Invention 

Modernity 

Composites Resin 
Glass, polymeric, carbon, 
aramid 

 
Looking at the table it can be observed the main innovations in the field of composites are 

related to building industry in order to design and build more resilient and secure structures. First 
references to a different industry are related to marine industry, Glasspar, a boat-building company 
started in 1947 when it began building small fibreglass boat hulls in his fibreglass shop in Costa Mesa, 
California. 
 

4. WHY CARBON FIBRE? 
 

Carbon Fibre [4] is used because its strength is almost three times higher than steel, and its 
density 4.5 times lower.  Other Carbon Fibre properties include corrosion and fire resistance, chemical 
inertness and electrical conductivity. It keeps its shape to temperature changes. The above properties 
make Carbon Fiber perfectly suitable to needs and requirements of aeronautical industry 

Table 2 shows the main features of Carbon Fibres and comparison with other fibres 
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Table 2. Textile Fibres 

Material Density 
[g/cm3] 

Elongation 
at break[%] 

Tensile stress 
[MPa] 

GLASS FIBRE 

E-Glass 
S-Glass 

2,54 
2,49 

4,8 
5,0 

3.450 
4.300 

CARBON FIBRE 

HS 
HM 

1,74-1,76 
1,78-1,96 

1.8 
1,9 

4.500 
6.000 

BORON FIBRE 2,70 0,8 3.100 

ARAMID FIBRE 

Kevlar 49 
Kevlar 149 

1,45 
1,47 

2,8 
1,9 

3.620 
3.450 

 
5. PROPERTIES OF CARBON FIRE USED IN OUR TESTS AND PREFORMS 

 
Carbon Fibre classification is related to the number of filaments it has each type of yarn. Table 

3 shows classification of different types of Carbon Fibre according to the number (k) it has each 
bobbin. 

The relationship is as follows, 1k corresponds to 1,000 filaments of Carbon Fibre. The most 
common type of fibre used in our tests is 12k, that is to say, 12,000 filaments in laminar form. The use 
of a type of fibre is a matter of price. 1k, 2k and 3k Carbon Fibre prices are higher than other types. 
Therefore, the use of them will have an extra cost. 

Carbon Fibre is not compatible with resin. This means the fibre has to be prepared previously 
in order not to reject the resin. There is a sizing process consisting in coating the fibre to make it 
compatible with the type of resin to be used. We have used epoxi resin for our essays.  

The best condition when handling Carbon Fibre is completely flat and stretched as the main 
drawback is corrugation. 

 
Table 3. Technical properties of the main Carbon Fibre filament yarns [5] 
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6. LAMINAR CARBON FIBRE STRUCTURES FROM UNDIRECTIONAL 
TOW 
 

Design and fabrication of multilayered laminar structures [6] obtained from unidirectional 
tows and then cured in an autoclave are the reference material for any structural analysis. It consists of 
obtaining an isotropic carbon fibre structure able to resist strength from different angles along the axis 
of coordinates. 

Figure 3 shows the distribution of different layers of Carbon Fibre according to the right 
orientation of each layer in order to obtain an isotropic design of the interlaminar structure. It can be 
seen it is a 7 layers structure following the configuration 0º, +45º, -45º, 90º, -45º, +45º, 0º 

 
Fig. 3. Carbon fibre 7 laminar layered structure and fibre orientation of each layer 

 
6.1. Advantages 

• Maximum volumetric fraction 
• Minimum fault occurrence: holes or fibre misalignment. 

 
6.2. Disadvantages 

• Uncomfortable handling. When placing unidirectional carbon fibre tows according to the 
structural design, crimps and wrinkles easily happen to appear. This drawback is known as 
low drapeability. 

• Delamination happens when Z strength is applied on the structures. A structure as shown in 
figure 3 has a high resistance except when this is applied following Z direction. Therefore, it 
ha a low cross or transversal resistance. When delamination occurs, the fibre would break 
down as the pages of a book open. 

• High cost of material and processing 
 
7. CONCLUSIONS 

 
The manufacture of complex three dimensional textile structures it is still in its starting stage 

with a high cost due to the amount of labour involved in the process. 
Composites are the nowadays solution in the redesign process of aircraft in order to make 

them more efficient and with a lower consumption. 
Carbon fibre is the most suitable material in the manufacturing of composites for the 

aeronautical sector.  It has got higher tensile strength than other fibres. 
Delamination is a disadvantage for carbon fibre laminar structures. 
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tolerance to be applied in composites for structural components is one of the main goals of the aeronautical 
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designing, developing and producing different textile structures using different production methods and 
machinery to improve three-dimensional textile structures as fibre reinforcement for composites. This paper 
describes different tests done in our textile labs from unidirectional structures to woven, knitted or braided 3 D 
textile structures. Advantages and disadvantages of each textile structure are summarized.   
The second part of this paper deals with our know-how in the manufacturing and assessing of three-dimensional 
textile structures during this last five years in the field of textile structures for composites but also in the 
development of structures for other applications. In the field of composites for aeronautic sector we have 
developed textile structures using the main methods of textile production, that is to say, weaving, warp knitting, 
weft knitting and braiding. Comparing the advantages and disadvantages it could be said that braided fabrics, 
with a structure in the three space axes (+º, 0º, - º) are the most suitable for fittings and frames. 
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1. CARBON FIBRE STRUCTURES FROM A FABRIC [1], [2] 
 

An objective of this paper is to examine different manufacturing processes of textile structures 
or fabrics in order to assess advantages and disadvantages of each manufacturing process. According 
to the technology used, figure 1 shows the different manufacturing processes. 
 

 
 

Fig.1. Classification of textile structures  
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Generally speaking fabrics [3] have advantages and disadvantages regarding to reference 
multilayered laminar structures.  
 

Advantages: 
• Easy handling. 
• Some of fabrics avoid wrinkles and have good “drapeability”. 
• Hybrid fabrics can be designed. 
• Possibility of combining fibre and matrix in the same fabric: Twintex (fibreglass + 

polypropylene) 
 

Disadvantages: 
• The manufacturing process of a textile structure or a fabric implies the bending of carbon 

fibres (fig. 2). This can cause a large reduction of stiffness and tensile strength. They are less 
stiffness and strength than reference unidirectional laminar structures. 

• Textile structures have got resin-rich areas (matrix) that automatically become weak areas. 
This is a type of defect with less strength of fatigue failure than reference unidirectional 
laminar structures. 

 

 

 
Fig. 2. Fabric crimping Fig. 3. Resin-rich zone 

 
1.1. Woven fabrics [4] 
Nowadays weaving is the most widely fabric manufacturing process to obtain carbon fibre 

textile structures usually through a plain weave fabric or satin weave fabric. 
The construction technique consists of overlapping layers of woven fabric having different 

orientations according to spatial axes setting up a 2,5 D structure. 
Advantages: 

• Excellent tensile strength.   
 

Disadvantages: 
• Delamination when z direction force is applied. 
• Low resistance to impact. 
 

Fig.4. Plain weave Fig. 5. Satin 
 

1.2 Knitted Fabrics [5] 
Knitted fabrics can be broadly classified into two groups: weft and warp knitted fabrics. Both 

of them are fibrous structures characterized by a basic structure called loop. Weft-knitted fabrics are 
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obtained in courses from at least one yarn, while warp-knitted fabrics are produced in wales using a 
number of yarns identical to the wales to be formed. 

As I told above, the bending of carbon fibre is a shortcoming for textile structures. When loop 
formation is produced carbon fibre bends, so that the use of knitted fabric structures to produce 
composites with carbon fibre is a disadvantage. 
 

1.2.1 Weft-knitted fabrics 
Weft-knitted fabrics are usually used to protect woven or reference fabrics against impact 

because weft-knitted fabrics have elastic structures suitable for impact attenuation. 
 

Advantages: 
•  Higher impact damage tolerance. 

 
Disadvantages: 

• When loops are formed a high percentage of carbon fibre filaments breaks or fails. 
• The outer layer appearance does not show impact. However structural breakages and damages 

can be observed in inside layers.  
 

  
a) b) 

Fig. 6. Weft-knitted structure a) and carbon fibre weft-knitted fabric b) 
 

1.2.2 Warp-knitted fabrics 
2,5 D fabrics can be obtained trough warp-knitting technique as yarn orientation at  0º, 90º, 

+45º and -45º.can be inserted. 
 
Advantages: 

• Multilayer structure interlocked by stitches can be produced. 
 
Disadvantages: 

• When loops are formed a high percentage of carbon fibre filaments breaks or fails. 
• Warp-knitted mechanical properties are quite lower when compared to multi-ply reference 

fabric. 

 
a) b) 

Fig. 7. Warp-knitted structure a) and carbon fibre warp-knitted 
fabric b) 
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1.3 Stitched bonded fabrics 
Production technique used to obtain 2,5 D fabrics with yarn insertion at 0º, 90º, +45º and -45º 

and then fabric layers are bonded by tricot stitching. 
Advantages: 

• Multilayer structure interlocked by stitches or seams can be produced. 
Disadvantages: 

• When loops are formed a high percentage of carbon fibre filaments breaks or fails. 
• Resin rich areas where interlaminar breakages are produced. 

 

 
Fig. 8. Stitched bonded fabric and stitching pattern 

 
1.4. Tufting Fabrics [6] 
Manufacturing process completely excluded when producing carbon fibre composite fabrics, 

as tufting is used for the production of pile structures or artificial grass green applications.  

 
Fig. 9. Tufting machine and production system of tufting fabric (left). Tufting fabric for artificial turf. 

 
1.5 Non-woven fabrics + embroidering. 
A non-woven fabric would not be a preferred structure for the production of composite 

material for aeronautics. However, when a non-woven carbon fibre structure is used as a ground base 
of an embroidered carbon fibre structure conditions change. 

Advantages: 
• Multilayer structure interlocked by seams can be produced. 
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• From the beginning to the end the embroidered structure is made using the same carbon fibre 
yarn. 

 
Disadvantages: 

• High percentage of carbon fibre yarn breakage when making a multilayer structure. 
• Carbon fibre can not be used as a sewing thread. 

 

 
a) b) c) 

Fig. 10. Non-woven carbon fibre fabric a). Embroidery machine head embroidering carbon fibre b). 
Carbon fibre embroidered multilayer fabric piece c) 

 
1.6. Braided fabrics [7] 
Triaxial braided structures suit perfectly to the needs of aeronautic sector.  
 
Advantages: 

• Triaxial compact structures (+º, 0º, - º) 
• Production of coated structures (core) through triaxial fabrics. 

 
Disadvantages: 

• With a regular core, the angle remains at position. However when core diameter varies, carbon 
fibre angles change so critical points occur as triaxiality (+45º,0º,-45º) can not be maintained. 

• Carbon fibre yarn width is not regular through the braided structure. 
 

 
Fig.11. Triaxial braided structure graphic display 
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a) b) c) 
Fig. 12. Carbon fibre braided structure a). Braider outline with core b). Carbon fibre angle variation and width 

variation in a braided structure c) 
 

2. CONCLUSIONS 
 

Our Research Textile Centre has manufactured and assessed three-dimensional textile 
structures within several projects using the main methods of textile production, i.e. weaving, warp 
knitting, weft knitting and braiding. 

Braided Fabrics are the most suitable fabrics for the manufacturing of frames and fittings. 
Braided fabrics can be triaxial, and this three-dimensional structure suits perfectly to the needs of 
aeronautic sector. Triaxial fabrics grow its structure in the three space axes (+º, 0º, - º). However 
this structuture has also the shortcoming of delamination. 

Textile industry should continue to investigate and improve models in order to offer new and 
better solutions to aeronautics sector. The main challenge is overcome delamination. 
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Abstract: The aim of this paper is to accurately and quickly identify the faults of the tables and supports on which the 
embroidery machines are placed through vibrations measuring method. Vibrations measurements on Happy 
embroidery machine were performed at S.C. CONFIDEX S.R.L Oradea. A FFT spectrum analyzer Impaq was 
used, made by Benstone Instruments Inc –SUA.  
The measurements were performed in order to seek the role and importance of the rigidity of embroidery 
machine supports for a better and more efficient performance of the machine. Before performing these 
measurements was determined the optimal operating mode of the embroidery machine. The vibration 
measurements were performed in each measuring point, by installing a vibration sensor on the three directions 
of the Cartesian coordinates system: axial (X), horizontal (Y), vertical (Z). In the present paper is shown only the 
measuring direction Z (sensor mounting direction) and advance of the material on x direction (the embroidery 
direction) this is the most relevant direction, as on this part the embroidery is executed.  
After performing these vibration measurements on the HAPPY embroidery machine, previously mounted on a 
big table, after that mounted on a smaller table and a less rigid base. The same vibrations measurements were 
performed and it was noticed that it is mandatory to position the machine on a big table and a stable base 
because it will influence both the reliability and the working regime of the machine. 
 
Key words: vibrations measurements, FFT spectrum analyzer Impaq, table and support for the embroidery 
machine, faults. 
 
 
 
  1. INTRODUCTION  
 

Frequency analysis of vibrations (FFT analysis) is the one that makes it possible to obtain the 
necessary information for fault detection in industrial equipment [1].  

In order to establish the operational status or fault condition of industrial equipment is necessary 
to monitor certain parameters of industrial equipment. The values of monitored parameters will be 
determined when the equipment is new and when is worn, respectively. These values of monitored 
parameters can be used to study the reliability and maintenance based on fuzzy logic [2], [3], [4], [5]. 

It is known that any technological equipment does not work without vibrating. It is important 
however that vibration levels are within the permissible limits. Vibrations study showed that each fault 
has its own characteristic frequency. During operation, all sources transmit their energy through the 
table supports both to the table on which the machine is mounted and also to the base on which the 
table which supports the machine. The only problem is capturing the vibrations with a suitable device 
and unpacking them in component signals, each signal with its own frequency, depending on the 
source that produced it.  

 
2. THE EXPERIMENTAL PART  
 
The vibration measurements were performed at S.C. CONFIDEX S.R.L Oradea, on HAPPY 

professional embroidery machine, with the following characteristics [6]:  
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 -embroidery head: 1piece 
 -embroidery area for normal frame: 290x290mm 
 -embroidery area for caps: 70x180mm(2,8x7inch) 
 -number of needles: 12 pieces 
 -speed: 300-1000(normal) and 300-750(for caps) 
 -stitches memory: 250.000 
 -power supply: 220V, la 50/60 Hz 
 -weight: 42kg 

The aim of the measurements was to seek the role and importance of the embroidery machine 
supports as well the base the table of the machine stands on. 

 

 
Fig. 1:  Support and small table, HAPPY embroidery machine  

 
Before performing such measurements the optimal operating mode of HAPPY embroidery 

machine was determined. Determining the optimal operating mode for the embroidery machine, 
through vibration measurement technique was described by the authors in a previous paper [7].  

Vibration measurements were performed in each measuring point by installing a vibration 
sensor on the three directions of the Cartesian coordinate system: axial (X), horizontal (Y), vertical 
(Z). 

In the present paper is shown only the measuring Z direction (sensor mounting direction) and 
advance of the material on x direction (the embroidery direction) this is the most relevant direction, as 
on this part the embroidery is executed. 

The amplitude of the vibrations recorded on the vertical measuring Z direction (large mass) 
and advance of the material in the x direction (the direction of embroidery, fabric-textile fabric) is 
shown in the table below [7]: 
 

Table 1: Amplitude of vibrations acoording to the operating mode with sensor on Z (advanse x) – large mass  

OPERATING MODE VIBRATION AMPLITUDE 

No. Of 
sinking/min 

VELOCITY 
mm/s [rms] 

DISPLACEMENT 
µm [rms]  

ACCELERATION 
g [rms] 

300 6.4 70 0.1 
400 2.2 28 0.18 
500 3.8 50 0.22 
600 10.8 160 0.33 
700 7.6 80 0.4 
800 13.7 84 0.5 
900 14.4 75 0.7 
1000 14.46 76 0.8 

 
Based on this table, were determined the diagrams for the: velocity amplitude, displacement 

amplitude and acceleration amplitude according to the operating mode. 
As we can notice in figure 2, the smallest velocity amplitude which does not affect 

productivity is 7.6 mm/s at 700 stitches/minute operating mode [7], [8].  
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Fig.2: Amplitude of velocity based on operating modes-large mass 

 
Displacement amplitude from 700 stitches/minute up to1000 stitches /minute is approximately 

constant, as can be seen in figure 3. 
 

 
Fig. 3: Displacement amplitude based on operating modes-large mass 

 
In figure 4 the acceleration gives the impact “metal on metal”, resulting in an almost linear 

acceleration. 

 
Fig. 4: The amplitude of acceleration based on operating modes-large mass 

 
Waveforms and frequency spectrograms obtained for the embroidery “HAPPY” - (large 

mass), recorded at the measuring point PT1, on the vertical measuring Z direction (sensor mounting 
direction) and material advance in the x direction (fabric-textile fabric) were presented in the previous 
paper. [7]  
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After performing these vibration measurements on Happy embroidery machine, mounted on a 
large table, the embroidery machine was mounted on a smaller table and a less rigid base and the same 
vibration measurements were performed.  

The vibration amplitude recorded in the vertical measuring Z direction (small mass) and 
material advance in the x direction (the embroidery direction, fabric-knitted fabric is shown in the 
table below: 

 
Table 2: Amplitude of vibrations according to the working regime with sensor on Z (advance x) – small mass 

OPERATING MODE VIBRATION AMPLITUDE 

No. Of 
sinking/min 

VELOCITY 
mm/s [rms] 

DISPLACEMENT 
µm [rms]  

ACCELERATION 
g [rms] 

500 4 41 0,2 
600 4,5 35 0,3 
700 12,9 88 0,45 
800 10 77 0,57 

 
Based on this table the diagrams for the velocity amplitude, displacement amplitude, and 

acceleration amplitude according to the operating mode were completed.  
 

Fig. 5: Displacement amplitude according to the 
operating mode with senor mounted on Z vertical 0 
small mass (advance on x direction – textile fabric)  

Fig. 6: Acceleration amplitude according to the 
operating mode with sensor mounted on Z vertical 

(advance on x direction – textile fabric)  

 
Fig. 7:Velocity amplitude according to the operating mode with sensor mounted on Z vertical – small mass 

(advance on x direction – textile fabric) 
 
Standards in this area indicate that it is appropriate that on any measuring direction should be 

considered the lowest value of the vibration amplitude.  
Waveforms and frequency spectrograms obtained for embroidery machine “HAPPY” - 

(smaller mass) recorded at the measuring point PT1, on the vertical measuring Z direction (sensor 
mounting direction) and material advance in the x direction (fabric – textile fabric) are listed below: 
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Fig. 8: Waveforms and frequency spectrograms recorded in measuring point Pt1, on vertical measuring Z 

direction – (small mass) and material advance in the x direction  
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As a result of teh spectral analysis the following were noticed:  
a. For 500 stitches/minute operating mode we notice that, the spectral components are relatively 

similar as dimesion with those of the working regime 600 stitches/minute and the amplitude of 
vibration velocity has the lowest value 4 mm/s. The disadvantage of this working regime 
consists in a low productivity. 

b. For 600 stitches/minute operating mode in the frequency spectogram can be noticed that bot 
spectral compoments (1x, 2x) have values aproximatively 5 mm/s, resulting in an increase of 
global amplitude of vibration velocity reaching the value 4.5 mm/s. 

c. For 700 stitches/minute operating mode we can notice in the frequency specrum a significant 
increase of spectral component 2x over 12 mm/s as well as a slight increase of spectral 
components order 3 and 4, thus registering an increase of global vibrations over the value 12.9 
mm/s. In conclusion this working regime is not recommended because it would lead to 
decreaseing the machine’s reliability. 

d. For 800 stitches/minute operating mode we can notice in the frequency spectrum a significant 
increase of the spectral component 1x over 10 mm/s as well as a decrease of spectral 
components of 2,3 and 4 order, thus registering an increase of global vibrations.  
 
3. CONCLUSIONS 
 
Following the research performed on HAPPY embroidery machine it was found that the 

importance of mounting the embroidery machine on a large table and a rigid base has a great influence 
on the reliability of the machine and implicitly the default operating mode. 

At 700 stitches/min operating mode established as optimal by the authors, it is noted that when 
changing the embroidery machine and its base, the overall vibration level reaches 12.9 mm /s. During 
this mode is not recommended to work due to the large amplitudes of vibrations which will lead to 
significantly reducing the reliability of the machine. 

When functioning on a small table and a less rigid base, the optimal operating mode of an 
embroidery machine is 600 stitches/minute because the overall vibration amplitudes have the lowest 
value. It was found that in this mode and productivity is relatively low. 

Hence it can be concluded that for small operating modes the embroidery machine mounted 
on a small table, the overall vibration level is lower, but the disadvantage is that the productivity is low 
too. 
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Abstract: Throughout the social history of human civilization and art history, the human body was and still is a 
challenging field to explore in various representations, a material for various manners of cultural interventions. 
The way of artistically representing the body, the clothed body, has followed the path of various artistic 
movements that marked art history. In the act of interpersonal perception, the costume establishes itself as a 
particular field of non-verbal communication, one based on image.  The present paper refers to the costume, as 
a particular vector of non-verbal communication in social space, as it was depicted and perceived in the 
painting of the 17th century and early 18th century, a time marked by the Baroque style. From this point of view, 
garment received the value of an intermediary in the communication between bodily space and the social one. In 
Baroque formal portrait, the garment completes by scale and the rendering technique of the texture and 
chromatics emphasizes the position of the pictorially represented person. Thus, the garment interferes with the 
gesture and mimics as forms of interpersonal knowledge. The transmitter – the clothed character represented 
through the eyes of the painter – is exposed to the perceptions of the others, providing a comprehensive matrix of 
information integrated in the social context. Pictorial representations are included in the matrix of the means by 
which the body is exposed by the costume in order to communicate with the social environment.   
 
Key words: Velasquez, van Dyck, formal portrait, commissioner, formal costume  
 
 
 

1. INTRODUCTION  
 

  The image of a garment is a specific aesthetic sign, a code that allows the society to be read in 
its dynamics. Over the centuries, “fashion has become a powerful transmitter... able to produce and 
manipulate the signs.”[1] The garment, as an object and sign easily spotted in the social micro-
universe, becomes a significant interface of the wearer’s ego. It decorates the body and completes 
human personality according to the society in which the individual wishes to present himself, a society 
he wants “to amaze and convince” [2]. By garment, the individual – the wearer – seeks to enrol his 
body in the social space; a body language in which the human body becomes experimental space. 
Between the body and social space, as a need to reinvent, the garment asserts itself as a notable 
material bodily self, looking for identity space.  
 

2. GARMENT  AS A SOCIAL SIGN  
 

  The clothing systems have shown, over time, particular forms, specific from one civilization 
to another, from one era to another. Throughout history, the garment played a major part in the social 
construction of individual identity, being the most visible marker of social status, the easiest means of 
tracking the individual in pubic space [3]. It gained its attribute of expressing the social body, a device 
of social individual. What is shown by  garment is the concern for self representation and staging. 
Thus, garment becomes an engine and anticipation of social becoming, a projection of the individual 
in the social environment [4]. Attire, by its material, constructive and chromatic attributes, is meant to 
artistically shape the body, thus becoming a personal visual statement. 
  In the history of universal painting, the human body was represented either nude, thus 
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becoming experimental space, to highlight the morphological-constructive harmony of the body, or 
clothed to outline a certain state, usually a social one, a social environment. From a morphological 
point of view, the dressing signs are articulated by juxtaposing or overlapping some elements, by the 
association of colours and lines, by adding decorative elements in a three-dimensional concert. From a 
semantic standpoint, it is about an articulation of signifiers. The rules of signification are the ones that 
determine the meaning of clothing signs; the costume has become such a complex semiotic system 
with remarkable informational content. 
  

3. BAROQUE COSTUME 
 

3.1 Characteristics of the Baroque movement  
 The 17th century is marked by Baroque style in all the arts, from the pure to decorative arts, 
costume, architecture, being associated with the rule and personality of Louis XIV. By what they are 
providing in this period, the arts are intended to amaze the viewer who is surprised by the greatness 
and materiality chosen by the artist, by “the dramatic scenes represented  and the illusionist use of 
detail and perspective”[5].  

 
3.2 Characteristics of the Baroque costume 

 In Baroque painting the characters are represented luxuriously clothed, placed in spectacular 
backgrounds, richly ornamented, and the shapes of the costume are lavish. The dress code is rigid, 
formal, the curvilinear constructions being the result of the influence of decorative arts in the Baroque 
period [6]. The commissioners of the portraits want to amaze with the attitude outlined by the heavy, 
ample garment. The sophisticated decoration of the Baroque costume is completed by the bold colours 
of the brocades and silk laces of the best quality. The representation costume, gains powerful 
meanings and largely dominates the Baroque painting. Whether profane or religious portraits, the 
emphasized representation of the garment becomes an element that emphasizes personality and social 
role of the person portrayed.   
   

3.3 Highlights of the representation costume in Baroque painting.  
 Diego Velasquez was one of the prominent representatives of Baroque portrait 
representations. In the portrait of the Infanta Margarita Teresa exhibited at the Museum of Art History 
in Vienna, the composition is dominated by the blue dress. The Infanta's imposing posture is 
accentuated by the volume of the dress, outlined by the play of lights and shadows. The entire 
emphasis is laid on the loaded attire, accessorised with a fur muff. The painter shows the same 
attention for clothing details in the portrait of Prince Felice Prospero. Although the prince was only 
two years old at the time of painting the portrait, his attire is carefully described by the painter, with 
fine strokes in order to render the elegance of his clothes, with silver inserts on red garment.  

The costume ensemble makes its mark in the formal portrait of Baroque art, creates show, 
generates admiration and gains an indisputable aesthetic status. It is enough to watch the portrait of 
Infanta Maria Teresa at 14 years old, painted in 1653 by the same Velasquez or the portrait of King 
Philip IV created a few years later. While the first portrait is dominated by the volume of the dress, in 
the second one, the ornamental richness of the costume is surprised by the play of lights and shadows. 
Being considered a court painter by King Philip IV of Spain, Velasquez renders the social register 
represented in Las Meninas, a painting in which the sumptuous interior is completed and somehow 
overshadowed by the outfits worn by the represented characters.   

“The work of art is an image whose centre is loaded by the visual energy emanating to the 
viewer”[7]. The viewer's emotion arises from the understanding of the symbol and the perception of 
general expressiveness. Such a portrait emerges from a refined living    environment which is intended 
to be of high culture and “high civilization”. In the Baroque formal painting, the garment rigidly 
defines the character getting to the point that it redefines him; this redefinition depends on the image 
desired to be projected. As part of the court ritual, painting was a composition of the subject through 
his garment and the gallery of paintings by Velásquez fully proves it.  

In the portrait of Pope Innocent X, the materiality of the garment is loaded with a strong force 
of visual expression by the fluent technique of the painter. The artistic experience of creating shapes, 
of suggesting the lights and shadows in the garment, by the silk materiality, complete the constitutive 
elements of human representation.  
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Fig. 1 King Philip IV Fig. 2: Queen Isabel Fig. 3: Pope Innocent X 
Source: 

http://www.nationalgallery.org
.uk/paintings/diego-velazquez-
philip-iv-of-spain-in-brown-

and-silver 

Source: 
http://www.diegovelazquez.org/Queen-

Isabel,-Standing-1631-32.html 

Source: 
http://www.doriapamphilj.it/ukinn

ocenzox.asp 

 
At Fashion Museum in Bath, England, one can admire Sir Thomas Kirkpatrick's costume, 

consisting of a robe embroidered with silver, in a rich decorative registry, the rigidity of the garment 
being a feature of the late Baroque period. The collarless knee-length coat, tight at the waist, ample 
on the end line, is completed by a waistcoat and knee-length trousers. The whole outfit is considered 
the predecessor of the current three-piece suits for men.  

This social segregation, imposed by those at the top of the social hierarchy, had to be 
immortalized for the same reason of self-confirming power in a Europe where social prejudices had 
manifested themselves, above all, through garment. In such a situation, the formal portrait becomes a 
self-standing art that imposes itself as a necessity to validate the status of the powerful ones. In this 
context, the works of art – portraits, embroideries – provide precious information on the costume, on 
the peculiarities of that age, thus becoming a mirror of the society. The function of the garment 
changes according to social frameworks.  Thus, the formal portrait encompasses a range of artistic and 
social attitudes and behaviours alike, composing the decorative grammar of representation. The 
portrait, which in the interest in representation gained a wide momentum in the easel painting at one 
time, can be considered historical document, loaded with demonstrative intentions. Made to order, 
they belong to the social history of representations. Thus, the identity of the individual becomes an 
identity of the garment. The portrait, more social than physical or psychological, is narrative, devoid 
of liveliness and vibrations, getting closer to the still life genre.  

In the Flamand Baroque, Antoon van Dyck becomes famous by his representation portraits 
created at the court of Charles I of England. His portraits reveal the same sense of grandeur, 
highlighted by the luxury of the clothing. The silk, the privilege of bourgeoisie and royal court, is 
perceived visually in the heavy velvet of the garments, in the gloss of the satin shown by the play of 
lights and shadows. The garment creates the predominance of the character's image. It is the one that 
governs the interpersonal perception in visual communication [8]. 

In the gallery of representation portraits, the painter aims to create an imposing image in 
which the accent lays on the rich and sumptuous clothing, as well as on the attitude for the 
psychological purpose of artistic and social rendering. The main goal of the decorative grammar of the 
portrait was to enhance representation. 

The formal Baroque portraitist uses the body of the person portrayed as a support of ordering 
axes on which he encompasses his precious fabrics. He wraps the body in the garment and integrates it 
in the painting ensemble, amplifying its power. The portraitist “describes the costume”, he endows it 
with force lines in accordance with the body it covers.  
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4. CONCLUSIONS 
 

The costume has seen, in the course of its history, a continuous metamorphosis, becoming a 
mirror of the history of society. Baroque, as an artistic style, has left its mark on clothing style in an 
original way in which the outline of the social status found its expressiveness. Portrait representations 
of the commissioners offer essential sources for history both from constructive-architectural and 
material texture standpoint. The position of the person portrayed is essential, less his physiognomy.  
The image of the person portrayed is invented through the garment. Thus, the representation garment 
becomes the interest point of the portrait; it has the role of changing attitudes, it puts them in order and 
amplifies them in accordance to the conditions imposed to the body, shoulders, and arms [9]. The 
entire composition of the portrait gives an image of the model in order to mould the viewer's 
psychology. 
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Abstract: The paper has conducted a study on the variation of tensile strength for four woven fabrics made from 
wool type yarns depending on fiber composition, warp and weft yarns tensile strength and technological density 
using ANCOVA regression model. 
In instances where surveyed groups may have a known history of responding to questions differently, rather than 
using the traditional sharing method to address those differences, analysis of covariance (ANCOVA) can be 
employed. ANCOVA shows the correlation between a dependent variable and the covariate independent 
variables and removes the variability from the dependent variable that can be accounted by the covariates. 
The independent and dependent variable structures for Multiple Regression, factorial ANOVA and ANCOVA 
tests are similar. ANCOVA is differentiated from the other two in that it is used when the researcher wants to 
neutralize the effect of a continuous independent variable in the experiment.  
The researcher may simply not be interested in the effect of a given independent variable when performing a 
study. Another situation where ANCOVA should be applied is when an independent variable has a strong 
correlation with the dependent variable, but does not interact with other independent variables in predicting the 
dependent variable’s value. ANCOVA is used to neutralize the effect of the more powerful, non-interacting 
variable. Without this intervention measure, the effects of interacting independent variables can be clouded. 
 
Keywords: ANCOVA model, fiber composition, tensile strength. 
 
 

1. INTRODUCTION  
 
Analysis of covariance models combines analysis of variance with techniques from regression 

analysis. With respect to the design, ANCOVA models explain the dependent variable by combining 
categorical (qualitative) independent variables with continuous (quantitative) variables. There are 
special extensions to ANCOVA calculations to estimate parameters for both categorical and 
continuous variables. ANCOVA models can, however, also be calculated using multiple regression 
analysis using a design matrix with a mix of dummy-coded qualitative and quantitative variables. In 
the latter approach, ANCOVA is considered as a special case of the General Linear Model (GLM) 
framework [1]. 
 The study was conducted on woven materials made of combed wool type yarns used for 
manufacturing outwear clothing, on 63 articles structured as follows [2], [3]:  
- Group A: 13 articles with Nmwarp=Nmweft; 11 articles with NmwarpNmweft. 
Total: 24 articles; 
- Group B: 13 articles with Nmwarp=Nmweft; 4 articles with NmwarpNmweft.  
Total: 17 articles; 
- Group C: 4 articles with Nmwarp=Nmweft; 5 articles with NmwarpNmweft.  
Total: 9 articles; 
- Group D: 13 articles with Nmwarp=Nmweft. Total: 13 articles 

The variation limits of the composition and structural characteristics for the tested woven 
materials are indicated in Table 1. 
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Table 1: Variation limits of composition and structural characteristics 
 

Group/Fibrous composition NmWarp NmWeft 
Twarp 

Twist Warp 
(twist/m) 

Tweft 

TwistWeft 
(twist/m) 

min 40/2 24/1 530 410 
Group A 100%Wool 

max 64/2 37/1 740 730 
min 48/2 30/1 600 510 

Group B 45%Wool +55% PES 
max 64/2 64/2 780 740 
min 56/2 37/1 510 480 

Group C 44% Wool + 53%PES + 3% D
max 60/2 60/2 730 730 
min 52/2 52/2 420 400 

Group D 60% PES + 40% Celo 
max 64/2 64/2 500 500 

 
The tensile testing was performed using an H 1K-S UTM Tinius Olsen (Hounsfield) testing 

machine, with a 1 kN load cell. The tests were done accordingly to standard (SR EN ISO 2062, 2002), 
on both directions – weft and warp [4], [5], [6]. 
 
  2. EXPERIMENTAL PART  
  

2.1. Collection, systematization and processing of experimental data 
Based on the experimental data, the following variables were included in the ANCOVA 

regression model: 
- dependent variable (Y) is tensile strength variance, Pr(daN); 
- nominal independent variable is group of woven fabrics depending on fiber composition (100% 
Wool, 100% PES, 45% Wool + 55% PES, 45%Wool + 52% PES + 3% Dorlastan) – three dummy 
variables D1, D2 respective D3; 
- quantitative independent variables (X1 respective X2) are warp yarns tensile strength Prwarp (daN) 
and weft yarns technological density Dweft (yarns/10cm). 
 

2.2. Hypothesis formulation 
H0: there are no significant differences between tensile strength values of woven fabrics 

depending of fiber composition, warp yarns tensile strength Pwarp (N) and weft yarns technological 
density Dweft (yarns/10cm); 

H1: there are significant differences between tensile strength values of woven fabrics 
depending of fiber composition, warp yarns tensile strength Pwarp (N) and weft yarns technological 
density Dweft (yarns/10cm), (H0 is rejected). 
 

2.3. Formulation of the regression model 
Nominal independent variable “fiber composition” has four categories so will be three dummy 

variabels also called alternative variables. Reference woven fabrics (D1, D2, D3) will be those from   
100 % wool. Therefore, all the interpretation will be done compared to this group of woven fabrics. 
The dummy variables are defined in table 2. 

 
Table 2: Definition of dummy variables 

Group D1 D2 D3 Fiber Composition 
1 1 0 0 45% wool + 55% PES 
2 0 1 0 45% wool+ 52% PES + 3% Dorlastan 
3 0 0 1 100% PES 
4 0 0 0 100% wool 

 
The ANCOVA model with three dummy variables is defined as relation: 

Y = a0 + a1 D1 + a2 D2 + a3 D3  + b1 X1 + b2 X2 + ε                     (1) 
The regression, as a conditioned mean, has the following forms: 

M (Y/D)  = a0 + b1 X1 + b2 X2   D1, D2, D3 = 0           (2) 
for tensile strength variance of 100% wool woven fabrics; 

M (Y/D)  = (a0 + a1) + b1 X1 + b2 X2   D1 = 1   D2, D3 = 0                     (3) 
for variance of tensile strength of 45% Wool + 55% PES woven fabrics; 

M (Y/D)  = (a0 + a2) + b1 X1 + b2 X2   D2 = 1   D1, D3 = 0                     (4) 
for tensile strength variance of 45% Wool + 52% PES + 3% Dorlastan woven fabrics; 
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M (Y/D)  = (a0 + a3) + b1 X1 + b2 X2   D3 = 1   D1, D2 = 0     (5) 
for tensile strength variance of 100% PES woven fabrics. 

The coefficients of ANCOVA model defined in table 3 were determined for the established 
model. Estimators and model estimations are defined similar previous models. 

 
Table 3: ANCOVA model - coefficients 

Unstandardized 
Coefficients 

Standardized 
Coefficients

 
Model 

B Std. Error Beta 

t Sig. 

1 (Constant) 38,890 12,651  3,074 0,003 
 D1 18,660 5,024 0,160 3,714 0,000 
 D2 -17,705 4,697 -0,211 -3,769 0,000 
 D3 73,901 10,835 0,673 6,820 0,000 
 Dweft 

(yarns/10cm) 
2,414E-02 ,070 0,044 0,344 0,732 

 Prwarp(N) 3,207 1,436 0,203 2,233 0,029 
a  Dependent Variable: Prfabric(daN) 

The estimations of model are: a0 = 38,890; a1 = 18,660; a2 = -17,705; a3 = 73,901; b1 = 0,024; 
b2 = 3,207 
The estimated ANCOVA model has the following expression: 

Y = 38,890 + 18,660 D1 – 17,705 D2 + 73,901 D3 + 0,02414 X1 + 3,207 X2                   (6) 
 
2.4. Model interpretation 
The model interpretation is the following: 
a) a0 = 38,890 is the mean value estimate tensile strength of the fabrics from 100 % wool 

while the tensile strength of the warp yarns and the weft yarn density technology may be encoded to 0 
(X1 = 0, X2 = 0). 

b) a0 + a1 = 38,890 + 18,660 = 57,55 is the mean value estimate tensile strength of woven 
fabrics from 45 % wool + 55 % PES while the tensile strength of the warp yarns and the weft yarn 
density technology may be encoded to 0 (X1 = 0, X2 = 0). 

c) a0 + a2 = 38,890 – 17,705 = 21,185 is the mean value estimate tensile strength of woven 
fabrics from 45 % wool + 52 % PES + 3 % Dorlastan while the tensile strength of the warp yarns and 
the weft yarn density technology may be encoded to 0 (X1 = 0, X2 = 0). 

d) a0 + a3 = 38,890 + 73,901 = 112,791 is the mean value estimate tensile strength of woven 
fabrics from 100 % PES while the tensile strength of the warp yarns and the weft yarn density 
technology may be encoded to 0 (X1 = 0, X2 = 0). 

e) b1 and b2 shows the tensile strength variance of fabrics type wool while while the tensile 
strength of the warp yarns and the weft yarn density technology increases by one unit.  

It is observed from the table of coefficients that sig. is <0.05 (except sig. Dweft 
(yarns/10cm), the value being 0.732) 

Note: Although the sig. Dweft (yarns/10cm) exceeds 0.05 (which shows that the weft yarn 
density does not significantly influence the dependent variable) was not excluded Backward 
processing method (see Table 4) 
 

Table 4: Variables Entered/Removed 

Model Variables Entered Variables Removed Method 
1 Prwarp(N), D1, D2, D3, 

Db(fire/10cm) 
0,000 Enter 

a  All requested variables entered. 
b  Dependent Variable: Prfabric(daN) 
 
Interpreting the sig value can conclude that there are significant differences between the 

values of tensile fabric depending on fiber composition, tensile strength of warp yarns Prwarp (N) (the 
hypothesis Ho it is rejected). 
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Technological density of weft yarns Dweft (yarns/10cm) does not significantly influence the 
variation of tensile strength of 100% wool woven fabrics. 
-Ho: between the values of tensile fabric no significant differences based on fiber composition, tensile 
strength of warp yarns Prwarp (N) and technological weft density Dweft (yarns/10cm) 
-H1: between the values of tensile fabric there is significant differences depending on fiber 
composition, tensile strength of warp yarns Prwarp(N) and technological weft density Dweft 
(yarns/10cm) 
 

2.5. Hypothesis confirmation over errors 
2.5.1. M(ε) = 0 (errors mean is nule) 
Hypothesis: 

 Ho: M (ε) = 0  
 H1: M (ε) ≠ 0 

The Student t-test t for error (Unstandardized Residual) evaluation is applied as shown in table 
4. 
 

Table 4: Student t-test for testing of errors mean 
 Test Value = 0 

 Sig. (2-
tailed) 

Mean  
Difference 

95% Confidence Interval of the 
Difference 

 

 
t 

 
df 

  Lower Upper 

Unstandardized 
Residual 

0,000 63 1,000 -2,1094237E-15 -1,3212957 1,3212957 

 
 (Sig.= 1 > 0,05), so hypothesis H0 is accepted, errors mean is zero. 

 
2.5.2. V (εi) = σ2 homoscedasticity hypothesis) 
A non-parametric correlation test is applied between the estimated errors and the dependent 

variable (D1, D2, D3).The correlation coefficient Spearman is calculated and the Student t-test for this 
coefficient is performed. The results are indicated in table 5. 

Hypothesis: 
 H0: the correlation coefficient is insignificantly larger than zero (the null hypothesis of 

the Student t-test is accepted); 
 H1: the correlation coefficient is significantly larger than zero (the null hypothesis of 

the Student t-test is rejected). 
The values of sig. for the correlations D1 – estimated errors (0,840), D2 – estimated errors 

(0,976), D3 – estimated errors (0,355), Dweft (yarns/10cm) – estimated errors (0,091), Prwarp (N) - 
estimated errors (0,114) are bigger than 0.05, which means that the null hypothesis of the Student test 
is rejected, so the model is homoscedastic (see Table5). 

 
2.5.3. εi ~ N (0, σ2) – normality hypothesis 
Testing the normality of error distribution is done with the nonparametric Kolmogorov-

Smirnov test (see Table 5). 
 

Table 5: Testing of the normality hypothesis. One-Sample Kolmogorov-Smirnov Test 
 Unstandardized Residual 

N  64 
Mean -1,9790605E-09 Normal Parameters 

Std. Deviation 5,2895718 

Absolute 0,051 

Positive 0,039 

Most Extreme 
Differences 

Negative -0,051 
Kolmogorov-Smirnov Z  0,406 

Asymp. Sig. (2-tailed)  0,997 

a Test distribution is Normal. 
b  Calculated from data. 
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Table 6: Spearman test for verifying the homoscedasticity hypothesis 

 D1 D2 D3 Dweft 
(yarns/10cm) 

Prwarp 
(N) 

Unstandardized 
Residual 

Correlation 
Coefficient 

1,000 -0,202 -0,132 0,389 0,403 -0,026 

Sig. (2-
tailed) 

0,000 0,109 0,297 0,001 0,001 0,840 

D1 

N 64 64 64 64 64 64 
Correlation 
Coefficient 

-0,202 1,000 -0,218 -0,750 -0,751 -0,004 

Sig. (2-
tailed) 

0,109 0,000 0,083 0,000 0,000 0,976 

D2 

N 64 64 64 64 64 64 
Correlation 
Coefficient 

-0,132 -0,218 1,000 0,573 0,561 0,118 

Sig. (2-
tailed) 

0,297 0,083 0,000 0,000 0,000 0,355 

D3 

N 64 64 64 64 64 64 
Correlation 
Coefficient 

0,389 -0,750 0,573 1,000 0,975 0,213 

Sig. (2-
tailed) 

0,001 0,000 0,000 0,000 0,000 0,091 

Dweft 
(yarns/ 
10cm) 

N 64 64 64 64 64 64 
Correlation 
Coefficient 

0,403 -0,751 0,561 0,975 1,000 0,199 

Sig. (2-
tailed) 

0,001 0,000 0,000 0,000 0,000 0,114 

Prwarp(N) 

N 64 64 64 64 64 64 
Correlation 
Coefficient 

-0,026 -0,004 0,118 0,213 0,199 1,000 

Sig. (2-
tailed) 

0,840 0,976 0,355 0,091 0,114 0,000 

Spearman 
's rho 

Unstandardi
zed 

Residual 

N 64 64 64 64 64 64 
** Correlation is significant at the 0.01 level (2-tailed). 
The Sig = 0,997 (higher than 0,05), therefore the normality hypothesis H0 is accepted.   

 
2.5.4. cov (εi, εi) – testing of errors autocorrelation 
Hypothesis: 

- H0: ρ = 0 (the errors are not auto-correlated); 
- H1: ρ ≠ 0 (the errors are auto-correlated). 

The verification is done with the Durbin Watson test and the results are shown in Table 7. 
 

Table 7: Durbin Watson test for errors auto-correlated testing 
Model Summary 

Model R R Square Adjusted R 
Square 

Std. Error of the 
Estimate 

Durbin-Watson 

1 0,989 0,979 0,977 5,51 1,649 

a  Predictors: (Constant), Prwarp(N), D1, D2, D3, Dweft(yarns/10cm) 
b  Dependent Variable: Prfabric(daN) 
 

The value of 1.649 is compared with the calculated value of test (dl, du). It has been observed 
that the obtained value is contained in the (du, 4 – du) interval. Therefore, the nule hypothesis is 
accepted (the recorded errors are auto-correlated). 
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2.6. Testing collinearity of independent variables 
 

Table 8: Testing collinearity of independent variables 
Coefficients 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

 
t 

 
Sig. 

 
Collinearity Statistics

 
Model 

B Std. Error Beta   Tolerance VIF 
(Constant) 38,890 12,651  3,074 0,003   

D1 18,660 5,024 0,160 3,714 0,000 0,193 5,177 
D2 -17,705 4,697 -0,211 -3,769 0,000 0,115 8,712 
D3 73,901 10,835 0,673 6,820 0,000 0,037 27,041 

Dweft 
(yarns/10cm) 

2,414E-02 0,070 0,044 0,344 0,732 0,022 45,113 

1 

Prwarp(N) 3,207 1,436 0,203 2,233 0,029 0,043 23,016 
a  Dependent Variable: Prfabric(daN) 
 

The indicator VIF has high value ranging between (5.177, 45.113), which indicates that there 
is collinearity between the independent variables used in the model. 
 

3. CONCLUSIONS 
 
a) The ANCOVA model permits us to evaluate the homogeneous character of a population by 

separating and testing of the effects caused by the considered factors. 
b) If the test data obtained after trials on the elements of a sample taken from one 

homogeneous population are divided in distinct groups, then the mean values of the groups do not 
differ significantly between themselves. 

c) In the case of a non-homogeneous population, the deviations of the individual values as 
compare to the mean value are not anymore accidental and when dividing the test data in distinct 
groups the mean values are differ between themselves significantly because of some causes having a 
systematic action. 

d) ANCOVA model included as independent variables, both dummy or alternative variables 
(fiber composition) and numerical variables (tensile strength of warp and weft yarn density 
technology) and as the dependent variable, tensile strength woven fabrics. 

e) By applying and interpreting regression model ANCOVA sig value can conclude 
that there are significant differences between the variance of tensile strength of woven fabrics 
depending on fiber composition, tensile strength of warp yarns Prwarp (N) (the null hypothesis 
Ho is rejected). 

f) Technological weft density Dweft (yarns/10cm) does not significantly influence the tensile 
strength variation of woollen woven fabrics.  
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Abstract:  By classic methodology, designing footwear is a very complex and laborious activity. That is because 
classic methodology requires many graphic executions using manual means, which consume a lot of the 
producer’s time. Moreover, the results of this classical methodology may contain many inaccuracies with the 
most unpleasant consequences for the footwear producer. Thus, the costumer that buys a footwear product by 
taking into consideration the characteristics written on the product (size, width) can notice after a period that 
the product has flaws because of the inadequate design. In order to avoid this kind of situations, the strictest 
scientific criteria must be followed when one designs a footwear product. The decisive step in this way has been 
made some time ago, when, as a result of powerful technical development and massive implementation of 
electronical calculus systems and informatics, This paper presents a product software  for determining all 
possible arrangements of a footwear product’s reference points, in order to automatically acquire the maximum 
arrangement factor. The user multiplies the pattern in order to find the economic arrangement for the reference 
points. In this purpose, the user must probe few arrangement variants, in the translation and rotate-translation 
system. The same process is used in establishing the arrangement factor for the two points of reference of the 
designed footwear product. After probing several variants of arrangement in the translation and rotation and 
translation systems, the maximum arrangement factors are chosen.  This allows the user to estimate the material 
wastes. 
 
Key words: pattern, arrangement factor, discretion, simulating 
 
 
 

1. THE OPPORTUNITY  OF THE TOPIC  
 
One of the main objectives in any production process is to spend as less material as possible. 

In the footwear industry, saving material comes in question immediately after the design table: the 
patterns are theoretically evaluated and arranged in several positions, to determine the most economic 
combination on the material. The aim is to find the arrangement that leads to minimum waste. Usually, 
the best combination is chosen by looking at a certain value, the so-called “arrangement factor”. Most 
of the times, the optimal factor is determined manually, after several try-outs of the pattern 
combination. 

This paper presents a methodology that can be used to automatically determine the best 
arrangement factor. The only task of the user is to introduce data in the computer, representing the 
coordinates of the points defining the pattern. 
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2. SIMULATING THE GRAPHICAL PROCEDURE USED IN OBTAINING 
THE BEST ARRANGEMENT. PRACTICAL STEPS 

 
The core of this procedure is an algorithm based on mathematical modelling of the graphical 

manual procedure of obtaining the maximum value of the arrangement factor. The main parts of the 
algorithm are: 
 

Sequence 1: Modelling the shape on the computer screen, calculating the geometrical 
parameters and digitizing the geometrical shape into a finite number of steps 
 

This sequence comprises the following steps:  
- first, the pattern is numerically approximated (digitized) either manually or automatically; 
- the pattern is modelled in the computer so that we can visualize on-screen its graphical shape; 
- we divide the pattern into a discrete, finite number of points, situated at equal distances, using 

a certain pace, depending on the performances of the computer (see fig. 1). 
 

 
Fig. 1: Discretization of the geometrical shape into a finite number of steps 

 
Sequence 2: Multiplying the shape and obtaining tangent contours 
The mathematically discrete pattern can be multiplied and translated left or right to the initial 

one. In order to do that, we must first calculate the distance with which the pattern should be translated 
to obtain a new position, tangent to the initial one. 

 
 

Fig.  2: Multiply and move the discrete pattern for creating tangent contours 
 

Sequence 3: Making a matricial graphical shape in a translation and roto-translation system 
 When arranging the patterns, we must take into consideration the fact that they should be 
combined on the production material. In order for this sequence to be automatically determined, we 
must first create a matrix variant of the pattern, formed by three lines and three columns, by translating 
them (in a translation system – see picture 3) or rotating them (in a roto-translation system – see 
picture 4). 

This will allow the simulation of the graphical manual procedure used in determining the 
maximum arrangement factor in the two systems. 
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Fig. 3: Making a matricial graphical shape in translation system 

 

 
Fig. 4: Making a matricial graphical shape in roto- translation system 

 
Sequence 4: Determining the area of the pattern  
To determine the area of an irregular shape, such as the pattern of a footwear product, we use 

the tools of modern mathematics. It follows that a definite integral of the function f(x) for the interval 

[x1 , x2 ] represents the area between the graph of the function and the x1, x2 abscises, as described by 

the relation: 
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                                                                                                      (1)  
 

This calls for the division of the x1, x2 interval in some other n sub-intervals, {xi , xi+1} and, i 
being one point of the elementary subdomain (fig. 5). 

 
Fig. 5: The integral of the function f(x) 

 
The relation suggests the following algorithm: ‘ 
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- if =(xi+1-xi)f(i) represents the area of an interval between the axes x= x1 , x= x2 , axis 
Ox and the graphic of the function f(x), then the area between the two functions will 
be the difference between the two sums, as shown by the equation: 

    ii
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- if the function represents the ordinates of a set of points {xi , yi }, then the area defined 

by this set of points will be given by the equation:  
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This relation will be further used to determine the area of an irregular shape, corresponding to 
the digitized pattern of a footwear product.  

 
Sequence 5: Determining the arrangement factor 
For determining the arrangement factor, we use the following equation for each position: 

par

pattern
a A

nA
F                                                                                                                                     (4) 

 
Where: 

 n – is the number of the patterns in the parallelogram 
 Apattern – the area of the pattern 
 Apar – the area of the parallelogram 
 

The method allows the graphic visualisation of each outline position and the corresponding 
value of the arrangement factor. Picture 6 presents all arrangement variants for a pattern of a footwear 
product. 
 

Sequence 6: Simulating the manual graphical procedure with the purpose of obtaining the 
best arrangement variant 

This sequence is done in a number of iterations equal to the number of points that define the 
shapes situated on one line or one column. For each of the iteration, all the following steps are 
executed: 

- moving the patterns placed on the columns or the extreme lines of the matricial graphical 
shape with a distance equal to the discretization pace of the contours (established in sequence 1), all 
along a coordination axis (longitudinal or transversal direction); 

- translating them on the other axis (direction), so that, in the end, the contours have the highest 
possible number of tangent points; 

- determining the area of the arrangement parallelogram, a parallelogram containing a 
mathematically natural number of patterns; 

- determining the arrangement factor, using the following equation for each position: 
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Fig. 6: All arrangement variants for a part width 

 
Sequence 7: Determining the optimal position of arrangement of the patterns corresponding 

to the matricial form 
The numerical data obtained in the previous sequence are memorised and organized in data 

bases, allowing the determination of the optimal arrangement variant, according to the following steps: 
- we determine the maximum arrangement factor out of all the values; 
- we create the optimal arrangement position of the patterns, using the information in the 

datasheet related to the position corresponding to the maximum arrangement factor; 
- we insert the maximum arrangement factor 
- we compare the maximum arrangement factor obtained in the two arrangement systems 

(translation and roto-translation) and we select the highest one. This will be the optimal 
arrangement factor.  
Picture 7 presents the final position of the patterns in the two matricial shapes, displaying both 

the maximum arrangement factors and the framing parallelogram. 
 

 
Fig. 7: The optimal arrangement of the patterns 
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Fig. 8: The final form of patterns’ arrangement 

 
 We repeat the graphical matrix, according to the dimensions of the material and create the optimal 

combination on the material that can be used in CAM sessions to obtain the patterns (see picture 9). 
 

3. CONCLUSION  
 

Using the common calculus technique in designing footwear products leads to a precise and 
correct design of each pattern. The stage in which the user estimates the costs, allows him to establish 
how economically profitable the product is and also allows the manager to take a decision in weather 
or not to diversify the pattern, in order to obtain even a better output of saving primary materials. 

This software makes possible automatic determination of the theoretical arrangement 
for footwear patterns. The program can easily be used by any company, because it only 
requires a computer equipped with a digitizer and an output device (plotter or cutting devices) 
and it can be implemented in any domain dealing with material arrangement. 

 
Fig. 9:  The optimal combination on the material that can be used in CAM sessions 
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Abstract: The moulds stock necessary for realization in rhythmically conditions,  a certain  volume of footwear 
soles depends on some criterions such as: the range of soles for footwear  volume daily realized,  the sizes 
structure of those soles for footwear and, respectively, the sizes tally, the technological cycle for an used mould 
depending on the equipment efficiency, the provide necessity of spare moulds, the using and fixing conditions 
etc. 
From the efficiency point of view, the equipments may have two working posts, or more working posts (always, 
an even number), as 6, 12, 24, 40 posts. 
Footwear soles manufacturing takes into account the percentage distribution of the size numbers of the size 
series. When o portative assembly is used for the manufacturing of the footwear soles using the injection with 
“n” working posts, it is very important an optimum distribution of the working posts. The disadvantages of these 
equipments are the situations of the no equilibrium programming of the moulds, so that, in one time, some 
working posts spread out of the work. 
The paper presents some practical and theoretical solutions for moulds stock programming in portative 
assembly for footwear soles injection, so that an optimum equilibrium degree of the working posts will obtain.      
 
Key words: footwear, moulds, shoes soles, injection systems, designing 
 
 
 

1. INTRODUCTION  
 

  The moulds stock necessary for a certain product volume realization, in rhythmically 
conditions depends on some criterions such as: the range of products volume daily realized,  the sizes 
structure of those ranges and, respectively, the sizes tally, the technological time for an used mould 
depending on the equipment efficiency, the provide necessity of spare moulds, the using and fixing 
conditions. The paper presents some results of the authors’ researches about the optimum run of the 
injection and manufacturing of the shoe footwear soles in moulds and the  placing of the moulds on 
the equipments algorithms, so that, an optimum equilibrium degree of the working posts will obtained. 
The equipments used in footwear soles manufacturing, by cooling and injection thermo chemical 
processes are, from constructive point of view,  divided in two branches, equipments with injection 
straight on vamps and soles injection equipments, as semi finished articles which will be assembled on 
the vamps. From the efficiency point of view, the equipments may have two working posts, left-right, 
or more working posts (always, an even number), as 6, 12, 24, 40 posts.  
 These differentiations have a direct influence up to the manufacturing cycle time, respectively, up 
to the time between two identical successive steps of the process. Entirely, this time has two 
components: the impose time of the thermo chemical process and the time for the technological 
servicing of the equipment and of the mould.   
 When the footwear soles are injected using portative equipments with “n” working posts, the 
placing of the moulds on working posts has a great importance. This placing must provide the lots of 
the same kind products realization in contractual pre-established sizes tally, and, in the same time, the 
equipment working posts must be equilibrated used [1].  
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  2. EXPOSITION  
 
      These moulds are for the shoe soles manufacturing, based on thermoplastic polymer blends. 
The injection takes place after the mould cavity is closed. Then the molding and partial cooling 
processes take place until it is realized a temperature which avoids  the deforming of the products and 
then, the unloading of the products at high temperature (60-80ºC) depending on the polymer. 
      The injected soles manufacturing takes place in two situations: the injected soles realization 
straight on the vamps and the soles realization as semi finished articles which will be assembled on the 
vamps using gluing or sewing processes. When the soles manufacturing takes place straight on the 
vamps, there are used, for each pair and for each size number, two sets of moulds for each sole of each 
leg. Usually, these equipments have two shoe-lasts for each leg, one of them is into the mould (for the 
sole injection) and the other one has injected sole and waits the footwear unloading. The using of two 
shoe-lasts for the same mould determines a time for a fitting up of the vamps on the shoe-lasts (for the 
soles injection), respectively, a time for the unloading  of the footwear with sole after the injection, out 
of the sole thermo chemical process manufacturing. The necessary technological time (a cycle time), 
(tc ), for one sole manufacturing is pointed [2[,[3] in formulas  (1), (2), (3): 

epac tttt  , (minutes)                                                                                                              (1) 

ead ttt  , ( minutes)                                                                                                                    (2) 

dpc ttt  , (minutes)                                                                                                                     (3) 

 
where: tc- cycle time for a finished sole manufacturing,  minutes; ta  - fitting up time of the vamps on 
the metallic shoe-lasts of the mould,  minutes; tp- time of the thermo chemical injection, moulding and 
cooling of the polymer blend process,  minutes; te – time for unloading of the products, minutes. 
     The process time has the following components: the time for the mould closing and the time 
for the injection and cooling of the polymer melting used in sole manufacturing. This time is the main 
one in the technological time, necessary in one product manufacturing and it depends on the polymer 
blend formula, on the object dimensions and on the cooling regime. For a good efficiency providing, 
on each working post, respectively, on each mould which realizes a pair of soles, the injection 
aggregates have refrigerating equipments which decrease the cooling time of the polymer melting after 
the injection into the cavity.  The fitting on the vamps on the metallic shoe-last for the sole injection 
time (ta), respectively, the unloading of the footwear with sole from the metallic shoe-last time (te)  are 
components of the mould attending time (td). This time is during the waiting of the mould, just before 
or after the sole manufacturing process. 
In these conditions, the efficiency of this aggregate (in pairs/480 min) for each working post is [4, 5]:    

c

pi

t

tT
P


 , (cycles/480 min)                                                                                                       (4)  

 
where: P- pairs/480 min; T- time per shift (480 min); tpi – time for preparing and finishing the work, 
minutes; tc – time for one cycle, minutes. 

The preparing and finishing of the working time  (tpi) has the following components: the time 
necessary  for the preparing of the equipment and of the moulds at the beginning of the work, the time 
for the cleaning of the moulds at the end of the work and the time necessary for the changing of the 
moulds during the shift. 
      The main problem in this case is the used mould number in a continuous process. The used 
degree of the moulds depends on the soles number sizes tally which must be realized per shift. 
Depending on this tally, considering the different working posts of the aggregate, the used degree of 
the moulds is between 6-100%. The adjustment of the moulds necessity, depending on the efficiency 
of the equipments, on the number of the size tally and on the working posts number of the portative 
equipment (6, 12, 24,…., 40), is a difficult problem, but a solvable one. The algorithms for 
establishing of the moulds stocks using program will be presented in the next paragraph and they 
represent a solution of the problem [4].  
      Considering that the time of the process (tp) takes place in the same time with one rotation of 
the rotative equipment,(excepting the using time (td)), the number of the moulds working posts  per 
one worker is:   
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d

c
m t

t
n                                                                                                                                             (5)  

 
where: nm –  number of the moulds a worker may use. 
     The rotation rhythm of the injection aggregate uniselector depends on the number of the 
working posts, respectivelly, on the number of the moulds (m), depends on the time of one cycle (tc) 
and on the using time (td), as in formula (6): 
 

dc tmt   (minutes)                                                                                                                        (6) 

 
      When the soles are obtained injecting straight on the vamps, experimental researches [5],[6] 
show that almost all aggregates (whatever how the number of the working posts is) have a medium 
efficiency for one mould, at about 100-200 pairs/8h. Industrial conditions show that the preparing and 
finishing time for one shift (tpi), is about 30 minutes. Replacing the values in formula (4), the time of 
one cycle per mould (tc), becomes about  2,25 minutes. This time will be completed with the time 
necessary for closing and opening the mould which is about 0,4 minutes. So, the time for one cycle per 
mould is about  2,65 minutes. 
      In the soles moulds case, the using time contains only the unloading time of the product. 
Providing of the necessary time of the process (tp) (considering the using time to be maximum  0,2 
minutes), increases the posts numbers of the uniselector till 24, even 40 working posts. 
 

3.  EXPERIMENTAL PART 
 
3.1. The programming of the assembly of the moulds and the working posts balance in 

the researched case   
      The quantity of soles which must be processed on each working posts depends on the 
distribution of the moulds on the posts, for an optimum balance degree of the used equipments  
obtaining. The paper presents some theoretical and experimental  conclusions of the authors and the 
results of the researches obtained [7],[8] using an uniselector with 12 working posts.  
      The lot of products taking into consideration, has the size P = 7500 pairs of footwear of the 
perforated type, for the teenagers, with injected soles straight on vamps, in the VAMOS model. To 
make the lot of footwear/shoes which covers sizes from 22 cm to 28.5 cm, it will be used a set of 
moulds which have a cavity corresponding to the model of the sole. The delivery of the footwear 
according to sizes and of the moulds in the VAMOS set is presented in the Table no.1 below. From 
Table 1, we draw the conclusion [8] that the set contains 20 pairs of moulds which will be set on the 
12 working posts of the equipment to get different quantities of footwear according to size numbers; 
this will lead to the coupling of the moulds of different sizes on the same post, in order to ensure a 
balanced loading of the working posts. 
      It is considered that the balance of the working posts of the equipment may be appreciated by 
the degree of balance of the loading, symbolized by E, expressed in % and which may be determined 
using the equation (7): 
 

     
 

  100.
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nnM
E , (%)                                                                                                 (7) 

where: M-  number of the working posts of the equipment; n-  number of cycles of the rotating table 
necessary to make the lot of products P, for a certain  assembly programmed and rolling of the 
moulds; n min - minimum number of cycles of the rotating table necessary to make the same lot of 
products P, in the condition of an ideal balance of 100%, for  M posts;  n max - possible maximum 
number of cycles necessary to make the lot of products in the condition of null balance, 0%, 
respectively, when all moulds of the set would be placed successively only on one working post. In 
short, the degree of balance, E, can be calculated using the equation (8). 



 138

     
 
  100.

1



MP

nPM
E ,( %)                                                                                                                (8) 

Table 1:Outfit of moulds for a certain production 

Footwear size, cm Quantity, pairs Number of moulds, pairs 

22 40 1 
22,5 80 1 
23 130 1 

23,5 420 1 
24 780 2 

24,5 690 2 
25 1270 2 

25,5 1010 2 
26 1010 2 

26,5 680 2 
27 650 1 

27,5 410 1 
28 230 1 

28,5 10 1 
Total 7500 20 

 

      In the equation (8), the terms have the same meaning as in the equation (7). For the concrete 
case under discussion: 
     M=12   

625
12

7500
min 

m

p
n ;   nmax=P=7500 

1250
6

7500

/





cyclepairnumber

P
n  

 
      The degree of balance, E, calculated using both equations, has the value of 90,9 % in the case 
under discussion. To make the lot P=7500 pairs of shoes with the set formed  of 20 pairs of moulds, 
which surpass the number of working posts (12) of the equipment, it appears the problem of 
establishing the type of coupling of the moulds of different sizes  on certain working posts. This time, 
symbolized T, is expressed in hours and can be determined using the equation (9).  
   

    
 

3600

. 
 iTsMILMPAS

T , (hours)                                                                                   (9) 

in where: PAS-  rhythm of the equipment,  seconds, that is the time between 2 successive injections; 
M- number of posts of the equipment; L -  loading of the respective mould expressed through the 
quantity of products which are made on it, expressed in pairs; I - number of the order of the respective 
working post on the rotating table of the equipment; Tsi - sum of the changing time of the moulds 
from other posts on which the moulds where replaced, seconds, if the replacement demanded to stop 
the equipment. At the injection installation of carousel type, the DESMA makes, PAS = 6s and Tsi = 
400 s [9],10]. 
 

   3.2. The   obtained results and their interpretation 
      Taking into consideration the concrete values of the above sizes, through the automatic 
processing of the data there were obtained the results presented in Table 2. The results [5], [9] in Table 
2 show that out of the set of 20 moulds, only 19 will be used, when the equipment starts to function  
and they will be assembled on the 12 posts of the equipment in the following order: 28/1, 25/2, 25/3, 
22.5/4, 28.5/5, 22/6, 25.5/7, 27/8, 23/9, 26.5/10, 26.5/11, 24.5/12. After producing the quantity of 
shoes, the moulds that correspond to the extreme numbers of the series will be replaced with others as 
follows:  28 ----27.5 (post 1), 22.5 ---26 (post 4), 28.5----26 (post 5), 22---- 25.5 (post 6), 23---- 23.5 
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(post 9), 26.5---24 (post 10), 26.5----24 (post 11). Through coupling the moulds of different sizes on 
the working posts shown, the variable loading is between the limits of (505 – 730) pairs/posts and after 
a number of 15.3 h of  continuous functioning  of the injection installation there can be achieved the 
entire lot of shoes of 7500 pairs.   
 

Table 2: Moulds placing on working posts 
Order number of working post Size number of the mould set on 

the post(cm) 
Quantity of shoes made on 
the post and mould(pairs) 

1 initial   28 

            27.5 

230 

410                     640 

2             25 635 

3             25 635 

4 initial   22.5 

            26 

80 

550                    630 

5 initial   28.5 

            26 

10 

550                    560 

6 initial   22 

            25.5 

40 

505                   545 

7            25.5 505                   505 

8            27 650 

9 initial  23 

           23.5 

130 

420                   550 

10 initial  26.5 

           24 

340 

390                  730 

11 initial  26.5 

             24 

340 

390                  730 

12              24.5 690 

Total 19 moulds 7500 pairs 

 

For the variant of distribution and use of moulds on the working posts of the presented 
equipment in Table 2, the concrete degree of balance of the equipment (E), calculated with the 
equation (8), has the following value of the equation (10): 

 
 

  %47,98100.
1127500

730750012





E                                                                                            (10)

   
   4. CONCLUSIONS 
 

 To balance the loading of working posts of the injection installation of Carousel type 
presented in the paper, can be achieved only when the number of moulds of the set is bigger than the 
number of the working posts of the equipment. 

 The balance degree (E) is influenced by the type of rotation of the set of moulds on the 
working posts of the equipment, the total size of the lot of shoes, the series of sizes in the lot, 
the quantity of shoes, on each size number of the series. 
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  The automatic processing programmed of data used in the concrete case presented in the 
paper has a general character and it is used in all cases which obey the specified restriction in 
the first formulated.  
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Abstract: With the evolution of time changes, grows and improves, construction, form, rationality and 
argumentation usefulness of various types of footwear, namely machines. In the present paper analyzes a 
number of sewing machines, bound for achieving moccasin shoes. With sewing machines can perform a wide 
variety of stitches, they create an aesthetically pleasing, but all at once enable product diversification with 
minimum expenses. Sewing machines moccasins are distinguished by technological parameters, number of 
stitches, design and affordability. Sewing operation carried out in these machines is carried out within 72 
seconds to manual operation - 22 minutes. A flow diagram mechanical requires a reduced number of workers 
(e.g., 3 workers), to a manual flow diagram - 38 workers. Labour productivity in the use of sewing machines 
increase by 10 times, and operation cost decreases from 3,7 to 5,7 lei. Regardless of the sewing moccasins 
construction company helps to increase productivity, quality completion of the operation, ie products, reducing 
the time required to manufacture the products, shortening manufacturing cycle. Among the cars analyzed, the 
most recommended sewing machine as OS 7700 P Global company because it represents the best technical 
features. Sewing machines for manufacturing footwear moccasin were implemented in Moldova in 2010, at the 
"Cristina Mold Rom Simpex" in Chisinau. Because, company management understood beneficial role of sewing 
moccasins on quality operation, but also on other economic indicators. Currently the majority of footwear 
enterprises in Moldova sewing moccasins are done manually. One problem is the high price of sewing machines 
moccasins. 
 
Key words: sewing machine, moccasins, stitch, productivity, time, enterprise.  
 
 
 

1. INTRODUCTION  
 
First moccasins were made of suede, consisting of a single landmark. Currently moccasins 

kept only certain elements of the original moccasins [1]. Current moccasins are light, made from home 
with the idea of giving a leg lightness in movement, appearance of freedom in movement is very well 
suited to the relaxing aspect of the foot. Therefore, we can say that moccasins are practical footwear 
that mediates the transition from sports shoes to classic shoes [2].  

Moccasins have become a very sought after in recent years because they are very comfortable 
and stylish products, which can be worn both in summer and in the cold. 

 
  2. STUDY SEWING MACHINES FOR MANUFACTURING FOOTWEAR 
MOCCASIN  
 
   One of the characteristics of this type of footwear is the way to combine parts assembly 
(figure 1). Moccasin stitching is done both manually and mechanically special sewing machine [3]. 
  As follows are several types of sewing machine that sews moccasin (figure 2-5) [4-7].  
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Fig. 1: Examples of moccasins [3, 4] 
 

     
 
 

       Fig. 2: The sewing machine OS 7700 P, Global [4]         Fig. 3: The sewing machine FA-226, FAMAS [5] 
 

 

   
 

Fig. 4: The sewing machine FT 50, Falan [6]                 Fig. 5: The sewing machine FM 70, Falan [7] 
 
  In table 1 presents the technical characteristics of sewing machines loafers. 
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Table 1:  Study sewing machines for manufacturing footwear moccasin 
 

No 
crt. 

Brand and company sewing 
machine 

Sewing machines feature 

1 

OS 7700 P, Global [4]             • The number of needles - 2 
• Machine speed - up to 400 rev / min  
• Stitch length – 6,5 mm  
• Distance lifting the foot - 10 mm  
• Needle - DY × 23  
• The number of standard models - 100  
• Pneumatic switching needle  
• The control unit is in 9 different languages  
• Programmable memory function 

2 

FT 50,  FALAN [6]             • Machine speed - 400 rev / min  
• Stitch length - 8 mm  
• thread thickness - 1 mm  
• Needle - 320-214 х 2  
• Engine - EFKA DC 1550 vol / min, 220 V, 50-60 Hz  
• Net weight of the machine - 160 kg 

3 

 
 
 
 

FA-226,  FAMAS [5]           
 

• The number of pins - 1-2 
• stitch length - 0-12 mm  
• Machine speed - 500 rev / min 
• needle length - 4-7 mm  
• Needle - 328/214 x 1  
• table height - 110 mm  
• Engine - EFKA DC 1550 230 V, 50/60 
•  Car Noise LpA = 72  
• Net weight machine - 130 kg  
• Gross weight machine - 150 kg  
• Provides the ability to make pleats 

4 

FM 70, FALAN [7]             
 

Machine speed - 500 rev / min.  
Stitch length - 0-12 mm.  
Thread thickness - 1.2 mm  
Needle length - 4-7 mm  
Needle - 1 x 320-214  
Table height - 110 mm  
Engine - EFKA DC 1550, 220 V, 50-60 Hz  
Net weight of the machine - 145 kg  
Gross weight of the machine - 165 kg 

 
With sewing machines can perform a wide variety of stitches (fig. 6 - 7), they create an 

aesthetically pleasing, but all at once enable product diversification with minimum expenses. 
 

 
Fig. 6: Types of stitches 
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Fig. 7: Types of stitches 
 

3. STUDY THE INFLUENCE OF FOOTWEAR MOCCASIN SEWING 
MACHINE ON ECONOMIC INDICATORS OF OPERATION ASAMBBLARE 
 
  Sewing machines for manufacturing footwear moccasin were implemented in Moldova in 
2010, at the "Cristina Mold Rom Simpex" in Chisinau. Because, company management understood 
beneficial role of sewing moccasins on quality operation, but also on other economic indicators. 
Currently the majority of footwear enterprises in Moldova sewing moccasins are done manually. One 
problem is the high price of sewing machines loafers. Table 2 presents a comparative analysis of the 
technical and economical operation of the assembly of parts (eg, pound with a vamp). 
 

Table 2. Comparative analysis of the economic indicators assembly operation 
 

Type of operation     No. 
    crt. 

Indicators  technical and economic 
manual mechanical 

     1 Number of workers, pers.  38  3  
     2 The time required for processing a landmark 22 min. 72 sec. 
     3 The cost of the operation, lei 5-7  1,30 
     4 Productivity, per/8h  24 - 28 240  

 
  Analyzing the data in table 2 shows that the operation performed mechanically require less 
cost to the company for making moccasin shoes. 
 
  4. CONCLUSIONS 
 

1. Labour productivity in the use of sewing machines increase by 10 times, and operation cost 
decreases from 3,7 to 5,7 lei. 

2. Sewing operation carried out in these machines is carried out within 72 seconds to manual 
operation - 22 minutes. 

3. A flow diagram mechanical requires a reduced number of workers (e.g., 3 workers), to a 
manual flow diagram - 38 workers. 

4. Regardless of the sewing moccasins construction company helps to increase productivity, 
quality completion of the operation, ie products, reducing the time required to manufacture the 
products, shortening manufacturing cycle, reducing the number of workers involved in the 
technological assembly of flexible parts. 
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Abstract: The paper presents experimental thermal analysis of sports footwear in order to identify areas that 
provide the best ventilation of the foot for comfort in running. For analysis, using thermographic cameras, 
infrared, five athletes have been tested, running shoes Nike, Killtec type and Lotto. Thermographic recordings 
were made at three different times, which after a workout, then two minutes after your workout, and 10 minutes 
after the workout. Using a specialized software, the images have been processed, the resulting temperature 
variations over the entire shoe. They were identified as the most comfortable pair of shoes, which have secured 
the release of heat in the feet the highest rate. 
Was able to determine the extent of aeration provided by each type of footwear under review, as evidenced by 
the aeration temperature on flow shoes can lose over a period of time. Through such analysis experimental 
Thermodynamics can be personalized, elect the type of footwear the best an athlete, based on specific 
physiological parameters. In addition, aeration and incălţămintea thermal protection role when necessary.  
By using termography related can be determined types of footwear suitable for the purpose, in particular for 
heat a situation or another. 
 
Key words:  biomechanics, thermography, performance, material, pressure. 
 
 
 

1. INTRODUCTION 
 

Athletic footwear plays an important role in obtaining the performance, especially in athletics. 
It is well known that research in the field has led to the emergence of new materials used in sports 
shoes, with senior elasticity indices, optimum forms of footwear that provide aerodynamic taloneţi of 
parsonalizaţi, for the best possible pressure distribution and planting attractive colours, to induce 
different emotional States, using knowledge of Chromotherapy. 

Athletic footwear, used for training or competition, had acquired over the years aimed at 
increasing the performance values. Thus, if in ancient Greece athletes to run in bare feet, with the 
territorial expansion of the Roman Empire many athletes ran with sandals, to protect themselves from 
low temperatures. Once these athletes became winners, public opinion is shifting and wearing Sandals 
was seen with suspicion and associated with cheating. Once it has been recognised that the soles of 
sandals increase adhesion on the ground and spreads leg before with greater efficiency, many athletes 
have adopted wearing these sandals. 

In England in the 18th century it was developed a method to reduce the weight of the shoe the 
athletes to "float" above the ground easier. For competitions, shoes made of leather, fit well, but due to 
the fact that they were not waterproof, folds appeared in the outsole by making them useless for 
running. In 1832 he patented a Webster Wait method of attaching the rubber soles of shoes and boots, 
making them more resistant and avoiding the appearance of creases. The 1860s-1870s they meant an 
evolution for special use of shoes bicclişti shoes, using very light and with 8 or 10 rows of laces. 

Joseph William Foster founded the first shoe company in Boulton, England, in 1890. His 
nephew took over the business and renamed the company Reebok. The popularity of the game of 
tennis in the 1920s led to wearing Reebok shoes in her spare time, intended for recreation.  
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The father of the modern running shoe was Adolf Dassler started manufacturing this type of 
footwear in the 1920s. In 1936 this footwear has been recognized as the best in this field and has 
become of favorite athletes of the calibre of Jesse Owens. Adolf Dassler is specialized in the design of 
the shoes sport, so in 1948 he founded the company Adidas, which, however, was divided into 
companies, Adidas and Puma. For better efficiency in running, Adolf Dassler has added three lateral 
bands on shoes, model first appeared in 1949. 

In 1962 he introduced the first New Balance Shoes tested scientifically, these weighing 95 
grams. It is known that between the State of comfort and performance footwear there is a direct 
dependency, so a shoe that provide optimum aeration of the leg can lead to performance. Testing the 
degree of aeration is achieved either by means of temperature, pressure or by filming in infrared. In 
the latter case, the temperature measured is of great precision, ranging from tenths up to thousandths 
of a degree and can be specified at any point on the surface.  

The purpose of this paper is to present the termografic criterion to choose a sports footwear for 
optimizing thermal comfort and improving performance. 
 

  2. COMFORT AND PERFORMANCE IN SPORTS EQUIPMENT 
 

A sports equipment has different items depending on the sport and the type of physical 
activity carried out (workout, walk or competition). Thus, for athletics, athlete training, are used in 
general: short, t-shirts, socks, athletic shoes. The comfort provided by these depends on the materials 
used and their construction, all together to provide more aeration and biomechanical parameters: 
thermal protection in an optimal rate, good adhesion to the ground for footwear, as well as less drag 
from the environment, good mobility of the body etc. Of the materials used, mainly, can be listed: 
polyamide and polyester, cotton, for clothing and natural rubber skin compact, translucent rubber, 
Microcellular rubber, microdur, crepul, vinilinice resins, etc., for footwear. 

A sports footwear shall carry out depreciation of efficiency, flexibility, control and stability in 
the heel area, ease and traction. It can be hard to choose from the vast range of sports footwear 
available. There are differences in design and variety of materials and weight. These differences have 
been established to protect the areas of the foot that have the most stress in sports. 

Thermal comfort footwear for track and field sports require that the outside to allow a good 
aeration in a relatively short time, so leg temperature may not be much greater than that of the body 
and the perspiration produced can be absorbed entirely by the socks. Moreover, sports footwear also 
has a custom character, with a different behavior from one person to another, depending on each 
person's metabolism, with multiple degrees of thermal comfort for the same type of footwear but used 
in different individuals.  

Investigation of thermal comfort by means of infrared Thermographic recordings offers the 
best characterization, at the moment, they are a person who wants to achieve athletic performance. 

Infrared thermography is a modern technology of remote sensing and surface temperature 
telemăsurare in State of rest or motion, based on the emission and absorption phenomena of infrared 
radiation. Remote-sensing instruments transforms images of objects invisible radiation spectrum 
visible images in black and white or color [1, 2, 3]. 

The main advantages of the termografic control are:  
• do not require light sources whereas each object emits infrared radiation;  
• temperature measurement objects can be done remotely, without direct contact and without 
disturbing the temperature;  
• thermal, global information or detail is obtained in real time;  
• measurement accuracy is high;  
• allow the pairing with complex equipment for recording, storing and processing. 

 A thermal imaging system is composed of [4, 5]:  
- sistem of thermal imaging-infrared camera;  
- sistem thermal imaging-specialized program computer.  

Operating parameters for the infrared camera used in the experimental records are: measured 
temperature range between-20 ° C to 500 ° C; sensitivity-0,1 ° C; the autonomy of operation-3 hours. 
Temperature determined by infrared thermography can be viewed on time, on specific areas of interest 
or that the variation between the minimum and maximum values of all measured surfaces. 
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  3. EXPERIMENTAL RESULTS 
 
Thermographic recordings were made on a group of five athletes shoes equipped with athletes for 
training, with the following brands of footwear: Nike, Killtec and Lotto. Are indicated in table 1, 
through images, the type of shoe worn by each athlete sports analyzed in part. 
 

Table 1:  Types of sports shoes review 
Topic number Footwear type Footwear picture 

 
 

1 

 
 

Nike – 1  

 

 
 

2 

 
 

Nike – 2 

 
 
 
 
 
 

 
 

3 

 
 

Nike – 3 

 
 
 
 
 
 

 
 

4 

 
 

Killtec 

 
 
 
 
 
 

 
 

5 
 

 
 

Lotto 

 

 
 Temperatures registered by the infrared camera were taken at three different times: 
immediately after a workout, after another two minutes and after 10 minutes after the first record. 
Thermographic images obtained in table 2 provides detailed information on the field of temperature 
and degree of aeration, in circumstances where the ambient temperature in the filming was 20 ° c. 
Temperature scale used for temperature field is given in Figure 1. 
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Fig. 1: Temperature Scale used in the Thermographic recordings. 
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Table 2:  Thermographic Images experimental 
Topic 

number 
Time 1  

(0 minute) 
Time 2  

(2 minutes) 
Time 3  

(10 minutes) 

 
 
 
 

1 
 
 
 

 
 
 

 

 
 

 
 
 

2 

 
 

 

 
 
 

 
 
 

3 
 
 
 
  

 
 

 
 
 

4 
 
 

 

 

 
 
 

5 
 
 
 
 

 
 

 
 

 

 
 
Using a specialized software, Thermographic images were attached and the graphs of temperature 
variation on the entire surface of the footwear, both for his left foot and the right being numeric values 
highlighted extreme. 
 

4. DISCUSSION 
 

Using images in table 2, as well as graphs of temperature, as shown in figures 2 and 3, the 
following aspects can be identified from the thermodynamic point of view: 

• heat in footwear builds generally towards the tip of the foot, other parties having a 
neighbourhood close to the environment, which creates a degree of aeration;  

• the tip of the foot can be divided into three distinct zones with different temperatures: distal 
extremities of the big toe and second, and third fingers of the foot and the two distal sides, internal and 
external; 

• of the three temperature zones highlighted, the less airy are the sides of the foot, where the 
flow of warm air can be discharged too quickly; 
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• of the five pairs of shoes, the best is the one with the number 3, which allows for efficient 
heat dissipation for the entire duration of registration; 

• the most disadvantageous footwear is the number 5, which blocks the heat indoors, it can be 
used when you want the thermal protection of the foot 
 

 
Fig. 2: Variation in temperature from 3 pair of shoes 

 

 
Fig. 3: Variation in temperature from 5 pair of shoes 

 
 In the charts it is observed that the amplitude of temperature variation is much smaller at the 
pair of shoes with the number 3 to the number 5. 
 

 



 150

5. CONCLUSIONS 
 
Investigating shops allows the determination of the most appropriate footwear from the 

viewpoint of thermal protection, either for general use footwear or athletic shoes for aeration, 
specifically. 

Investigated and analyzed data showed the possibility of sports footwear and personălizării 
from the thermodynamic point of view, being highlighted the best footwear, among those tested, for 
test subjects. 
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Abstract: This paper presents the technological process of manufacture of a shoe for women in IL system in 
order to establish the time and the production norm in the processing-sewing procedure.  The sequence of 
operations is presented in a case study that analyzed how can be obtained the upper assembly of a footwear 
product that later becomes integral part into the finished product. Drawing up the technological process is done 
considering both the manual operations and the manual-mechanical operations for processing and assembling 
the parts that make the whole upper assembly by gluing the parts, by seaming and securing the joints. The type 
of equipment chosen to carry out operations is influencing through its productivity the necessary material 
calculated and hence the labour force required. The amount of time consists of time needed for preparation-
finishing time, operative time, time of working place service and time of regulated interruptions. These periods 
of times were determined basically by timing assistance of the manufacturing process throughout its 
development.  Production norm is calculated on the basis of the standard time, taking into account that it 
represents the amount of products manufactured in a work shift In order to improve the process by reducing the 
time of production and the number of workers engaged we are considering the automation of the manufacturing 
process by using modern methods using laser cutting or cutting under running water, automatic sewing 
machines, strip conveyor belts with pace imposed etc.  
 
Key words: footwear, cutting, technological process, production norm 
 
 
 

1. INTRODUCTION  
 
In order to manufacture footwear in a certain quantity, in the processing-sewing workshop, it 

is necessary that the product goes through all the stages of the technological process in a given time so 
that the norm of production will be achieved with the support of labour force, which should be 
correlated with the cost of manufacturing the product, in the organizational and technical conditions 
specified [1]. 
 The amount of time is expressed according to the preparation-finishing time, operative time, 
time of working place service and time of regulated interruptions. 

The production standard calculated based on the amount of time, will subsequently serve to 
establish the required labour force for all operations in the technological process [2].  

The amount of time (Nt) - is the time allotted to a contractor to manufacture a product unit, 
considering the technical and organizational conditions established of the working place within the 
respective operation[3,4].  

Nt is expressed in minutes person / pair of shoes and it is composed of: 
  Nt  = Tpi + Top + Tdl + Tir                                                                                                          (1) 

Tpi – time for preparation – finishing   
Top – operative time  

Top = tb + ta                                                                                                                                   (2) 
Tdl – time for  diversifying the working place  
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Tdl = tdo + tdt                                                                                                                                   (3) 
tb – basic time  
ta – assisting time  
tdo – time for organizational service  
tdt – time for technical service     

 
Tir = ton + tto                                                                                                                                    (4) 

ton – time for  rest and physical needs  
tto –time for disruption conditioned by labour technology and organization 
The production standard (Np) – represents the products quantity that can be manufactured in a 

time unit in the conditioned established.  
 The amount of time can be used as it is or to establish the production norms, knowing that 

between the amount of time and the norm of production there is the following relationship: 
 
Np = 1 / Nt , (per./ min. person)                                                                                                        (5) 

 
Where the determination Np on the shift is necessary, we will use the relationship: 

 
Np = Tm / Nt , ( per. / 8h person)                                                                                                     (6) 

 
Tm – duration of work shift  =  480 minutes 

In the amount of time, the sum of components Tpi, Tdl and Tir, for the sewing operations, 
depends on the type of sewing machine used; this sum of time is expressed in relation to the Top, 
applying a coefficient of different value, as follows: 

 
Tpi + Tdl + Tir = K × Top,                                                                                                               (7) 

 
K = 0,154 (for flatbed sewing machines with a needle, for simple seams with 2 threads and zigzag) 
K = 0,170 (for sewing machines with one column and 1 needle) 
K = 0,200 (for flatbed sewing machines, with 2 needles and for sewing machines with one column and 
2 needles) 
 Knowing the type of the sewing machine, we can calculate the amount of time NT 
(minutes/pair of shoes). 
  

Nt = Top (1 + K)                                                                                                                               (8) 
  

To establish the production norm we will use the relationship:  
 

Np = Tm / Nt = 480 / Nt(pairs of shoes / 8 hours-person)                                                                (9) 
 

2.CASE STUDY 
 

To illustrate the organization method of processing-sewing in continuous flux, in order to 
establish the amount of time and norm of production, the technological process is shown of a woman’s 
footwear in IL system, made of full grain leather combined with split leather 

 

 

Fig. 1: Woman footwear 

 
The way the product is formed from appropriate subassemblies and assemblies, covering the 



 

ANNALS OF THE UNIVERSITY OF ORADEA 
FASCICLE OF TEXTILES, LEATHERWORK 

 

 153

manufacturing flow made up of operations that are carried out in sequence or parallel-sequential, as 
well as the condition changes that materials undergo during the process are shown below, choosing the 
type of machine with the help of which the product will be manufactured [5,6].  

 
Table 1:  The technological process 

 Operation  Exterior subassembly of upper assembly 
1. Cutting upper parts: top bands, vamp, 

decorative top marker, tack seal and 
linings 
Execution mode of operation: mechanic 
Amount of time:3,2 [min* person/pair] 
Production norm:150 [per. / 8h person] 

 

 
2. Levelling the upper parts and lining  

Execution mode of operation: mechanic 
Amount of time: 0,8 [min* person/pair] 
Production norm: 600 [per. / 8h person] 

 
3. Thinning the edges of parts:  skewed  

finite thinning, slightly skewed thinning 
and straight thinning  
Execution mode of operation: mechanic 
Amount of time: 1,5[min* person/pair] 
Production norm: 320 [per. / 8h person] 

 

 
4 Stamping the upper parts in the reserve  

Execution mode of operation: mechanic 
Amount of time: 10[sec* person/pair] 
Production norm: 2880 [per. / 8h person] 

 
5 Marking the parts 

Execution mode of operation: manual 
Amount of time: 20 [sec* person/pair] 
Production norm:1440 [per. / 8h person] 

 
6 Greasing for folding the edges of top band  

Execution mode of operation: manual 
Amount of time: 18 [sec* person/pair] 
Production norm: 1600 [per. / 8h person] 

 

7 Folding the top bands edges 
Execution mode of operation: mechanic 
Amount of time: 1,2  [min* person/pair] 
Production norm: 400[per. / 8h person] 

 

8 Greasing and placing the decoration and 
top bands  
Execution mode of operation: manual 
Amount of time: 2,51[min* person/pair] 
Production norm:191,23 [per. / 8h person] 
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9 Greasing and placing top vamp on vamp  
Execution mode of operation: manual 
Amount of time: 1,49 [min* person/pair] 
Production norm: 322,14 [per. / 8h person] 

 

10 Sewing top vamp on vamp  
Execution mode of operation: mechanic 
Amount of time: 1,35[min* person/pair] 
Production norm: 355,5 [per. / 8h person] 

 
 

11 Sewing top bands on the first row  
Execution mode of operation: mechanic 
Amount of time: 1,28[min* person/pair] 
Production norm: 375,00 [per. / 8h person] 

 
 
 

12 Greasing and placing  tack seal on the top 
bands  
Execution mode of operation: manual 
Amount of time: 50 [sec* person/pair] 
Production norm:  576 [per. / 8h person] 

 

13 Greasing and placing the vamp  
Execution mode of operation: manual 
Amount of time: 30 [sec*person/pair] 
Production norm: 960 [per. / 8h person] 

 

14 Sewing around the lashing and stiffening 
the seam  
Execution mode of operation: mechanic 
Amount of time: 43,3[sec* person/pair] 
Production norm: 665,1 [per. / 8h person] 

 

15. Sewing the  tack seal on the top bands  
Execution mode of operation: mechanic 
Amount of time: 1,1[min* person/pair] 
Production norm: 436,36 [per. / 8h person] 
 

 
16. Applying the laces and greasing for 

folding the edge of the tack seal 
Execution mode of operation: manual 
Amount of time: 3,20[min* person/pair] 
Production norm: 150 [per. / 8h person] 
 

 
 
 

17. Bending the edge of the  tack seal 
Execution mode of operation: mechanic 
Amount of time: 2,48[min* person/pair] 
Production norm: 193,54 [per. / 8h person] 

 
 

18 Greasing and placing top bands on the 
vamp  
Execution mode of operation: manual 
Amount of time: 1,47[min* person/pair] 
Production norm: 326,53 [per. / 8h person] 
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19 Greasing and placing counter stiffener  on 
the upper parts and applying gummed tape  
Execution mode of operation: manual 
Amount of time: 1,46[min* person/pair] 
Production norm: 328,76 [per. / 8h person] 

 

20 Sewing counter stiffener  on the upper 
parts and the stiffener at the back  
Execution mode of operation: mechanic 
Amount of time: 4,28[min* person/pair] 
Production norm: 112,14 [per. / 8h person] 

 
 

21 Preparing the lining: greasing and placing  
Execution mode of operation: manual 
Amount of time: 17[sec* person/pair] 
Production norm: 1694,1 [per. / 8h person] 

 

22 Finishing the lining of the counter stiffener 
Execution mode of operation: mechanic 
Amount of time: 18[sec* person/pair] 
Production norm: 1600 [per. / 8h person] 

 
 

23 Levelling and placing band on the lining of 
the counter stiffener  
Execution mode of operation: manual 
Amount of time: 25[sec* person/pair] 
Production norm: 1152 [per. / 8h person] 

 

24 Greasing the upper parts and linings and 
folding the braid  
Execution mode of operation: manual 
Amount of time: 1,1[min* person/pair] 
Production norm: 436,36 [per. / 8h person] 

 

25 Lining the top bands 
Execution mode of operation: manual 
Amount of time: 1,20[min* person/pair] 
Production norm: 400 [per. / 8h person] 

 

26 Sewing around the top bands  
Execution mode of operation: mechanic 
Amount of time: 2,43[min* person/pair] 
Production norm: 197,53 [per. / 8h person] 

  
 

27 Cleaning the lining  
Execution mode of operation: mechanic 
Amount of time: 20[sec* person/pair] 
Production norm: 1440 [per. / 8h person] 

 

28 Sewing the top bands and key  
Execution mode of operation: mechanic 
Amount of time: 3,20[min* person/pair] 
Production norm: 150 [per. / 8h person] 

   

29 Greasing and gluing the lining of the top 
bands with the lining of the vamp  
Execution mode of operation: manual 
Amount of time: 47[sec* person/pair] 
Production norm:612,76 [per. / 8h person]  

 

30 Sewing the lining of the vamp with the  
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3. CONCLUSIONS 

   
The amount of time has an important role in determining the number of manual jobs and 

manual-mechanical jobs and the number of workers needed who serve in order to achieve the products 
volume.  

In determining the operative time, the sewing operations influence the seams route, their 
length, the radius of curvature, the time required for different handling required for joining by sewing  
A special influence has the type of the sewing machine adopted with the help of which the amount of 
time is calculated.  

With the amount of time we will then calculate the production norm and also the number of 
jobs for all operations in the technological process. 
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lining of the top bands  
Execution mode of operation: mechanic 
Amount of time: 2,20[min* person/pair] 
Production norm: 218,18 [per. / 8h person] 

31 Cleaning the lining of the top bands and 
lashing  
Execution mode of operation: mechanic 
Amount of time: 1,0[min* person/pair] 
Production norm: 480 [per. / 8h person] 

 

32 Perforating the top bands for the laces   
Execution mode of operation: mechanic 
Amount of time: 20[sec* person/pair] 
Production norm: 1440 [per. / 8h person] 

 

33. Applying the top cap   
Execution mode of operation: mechanic 
Amount of time: 0,8[min* person/pair] 
Production norm: 600 [per. / 8h person] 

 
 

34. Pulling the thread ends and cleaning the 
semi-manufactured product 
Execution mode of operation: manual 
Amount of time: 1,57[min* person/pair] 
Production norm: 305,73 [per. / 8h person] 
 

 

35. Control, errands transport in the 
regrouping warehouse  
Execution mode of operation: manual 
Amount of time: 1,5[min* person/pair] 
Production norm: 320 [per. / 8h person] 
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Abstract: The leather and leather goods industry development is conditioned by the development of the supply of 
raw materials - animal husbandry and chemical industries, sectors that tend to develop intensive on vertical - 
which causes a shortage of raw materials in relation  with the market demand for quality products. The leather 
is the basic raw material of the leather and leather goods industry, this raw material is the most substantial 
contribution to downstream sectors, giving them a competitive advantage and it is known that the leather has the 
greatest potential to add value to the products in which it is incorporated. The advantages of using leather are 
many, the most important qualities are its hygienic properties, flexibility and adaptability to a wide variety of 
applications. Leather is manufactured on demand for each type of application, such as shoes, clothes, gloves, 
handbags, furniture upholstery or car interiors, yachts and planes. 
It requires better use of raw materials by using new technologies and manufacturing processes based on non-
invasive methods on the environment leading to increase the product life cycle. The leather and leather goods 
industry is a supplier of large amounts of waste from the production cycle, waste that has the same properties 
and qualities as raw material used in the base product. Leather waste represents a loss for the companies, an 
additional cost related to storage and environmental protection. 
 
Key words: leather industry, recycling, economic efficency, environmental protection, pollution prevention and 
control 
 
 

1.INTRODUCTION  
 
Throughout history man has realized so much, the qualities and capabilities that distinguish 

him from other species that he has forgotten his role and place in the planetary ecosystem balance. The 
cumulative intelligence and inquiring minds of man have created new machinery and technology that 
contributed to the development of industry and agriculture. At the same time ignoring their place and 
role in natural balance, man has become the only species that consumes more than it needs, the only 
species that produces waste in quantities so large that nature can not "recycle" by itself.  

Man is part of nature and all the elements of nature, living or non-living, are in a close 
relationship and therefore create a natural balance. Man has used natural raw materials and created 
others without realizing that it damages the environment. 

The discovery of new machinery, applying new technologies have facilitated the development 
of industries and due to the intense human activity the amount of waste has increased. 

The project approaches the idea of using a raw material leather waste – which is abundant on 
the market – because it requires very low cost of processing and therefore can become a profitable 
business.  

 
2. LEATHER WASTE, ENVIRONMENTAL PROTECTION AND 

SUSTAINABLE DEVELOPMENT 
 

Environmental protection in the context of sustainable development, focus on combating 
pollution from human activities, preventing possible damages, assimilation, adaptation and application 
of environmental requirements, implementation of common international projects to protect 
biodiversity, monitoring the water quality and the condition of the forests and also solving acute 
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problems such as the decrease and recovery of waste and greening agriculture, promoting clean 
technologies and the transformation of human settlements into sustainable cities. Sustainable 
development includes environmental protection and environmental protection condition the 
sustainable development. The waste management has an important role within the concept of 
sustainable development, waste can be also a source of secondary raw materials, not only a potential 
source of pollution. [1]. 

The management strategy includes an analysis of the current situation of waste management 
and measures that need to be taken to improve environmental conditions and preparing for re-use, 
recycling, recovery and disposal of waste and an evaluation of how the plan will support the 
implementation of objectives. 

Following the studies conducted before the beginning of the project [2], it can be concluded 
that in Romania are about 1200 manufacturing companies in the leather and leather goods industry 
that produces about 3% of  GDP. There are no reliable statistical data on the amount of leather waste 
that is produced by these companies, but from existing data it can be estimated that in Romania are 
produced monthly about 5-7 tons of leather waste. A small amount, over a ton of  leather waste is 
reintroduced into circulation, the rest being discarded in landfills or incinerated, which is in 
contravention with "Stockholm Convention on persistent organic pollutants" adopted by the European 
Union in 2004.  

In 2003 in Romania was founded the Waste Stock, but it works as a commercial site rather 
than a stock system online. 
 

3.PROJECT PURPOSE 
 

The purpose of this project is to highlight the ways and means of processing and recovery of 
leather waste resulting from the production cycle in order to lead to: 

 re-introducting the leather waste in the production cycle; 
 use of non invasive procedures and processes on the environment; 
 reduction of the loss of the companies; 
 reduction of the storage costs of leather waste for the companies; 
 reduction of the environmental protection costs; 
 use the leather waste in leather goods industry, footwear, handcraft production, in the 

creations of visual artists and designers; 
 create new jobs; 
 expansion and diversification of the markets; 
 introducing useless leather waste in non invasive products for the environment; 
 research and technological innovation oriented in high efficiency; 
 creating sustainable products  for customer and consumer demand, manufactured under ethical 

rules, with a low environmental impact; 
Using this approach the project wants to provide a possible alternative for recycling the leather 

waste that combines leather processing and leather engineering with industrial design and fashion for 
making leather goods, footwear, handbags, leather accessories that are produced from leather waste. 
 

4. RECOVERY, PROCESSING AND RE-USE OF LEATHER WASTE 
 
The project addresses to companies, artisans, designers - industrial, environmental, product 

and fashion - artists, disadvantaged socio-professional sectors and specialists in environmental 
management. [3] 

This project was developped from December 2013 to April 2014 and offers a different 
perspective on recycling leather waste in manufacturing companies and where recycling is not 
possible, selling their leather waste to secondary and tertiary users.  

The amount of generated leather waste can be classified in two categories:  
 high and constant amount;  
 medium-small, random amount. 

Considering the high economic interest  and the environmental impact,  the focus is on the 
constant generators of large amount of leather waste , but it can’t omit others, taking into account that 
for some activities, socio-professional categories the request for leather waste is relatively small. The 
use of  leather waste as raw material for making products or accessories has attracted a real interest 
from private entrepreneurs, artists, designers, hand makers or folk. The selling mode is different from 
one manufacturer to another, but you can define specific common elements: classic trade conducted in 
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specialty stores, online shopping, direct trade in fairs and exhibitions, and trade on the basis of a 
contract made between the manufacturer of accessories or ornaments and their users. 
In the past two years the market of  handmade products made out of leather and leather waste has 
increased so that today there are hundreds of artisans who live only from this activity that brings a 
steady income of several thousands lei per month. 

For the secondary entrepreneurs is required knowledge about leather types and quantities of 
leather waste available according to their needs. The correlation between different types of leather 
waste, quantity required, the type of product to be made, its design is a prerequisite for the efficient 
use of leather waste and a sustainable management strategy. 
 In the supplying with leather waste, there must be taken into consideration the following: 

 the final product; 
 the design of the product that willbe produced; 
 auxiliary materials (thread, lining, eyelets, snaps, buckles, soles, heels, etc.); 
 the required quality and quantity of leather waste; 
 technical and technological equipment; 
 professional training of the workforce; 
 costs (transport, utilities, handling, labor, etc.); 
 technological losses. 

For the documenting phase and implementing the project various companies from the leather 
industry were contacted, but also visual artists who use  leather waste for making artistic articles with 
complex processing  and high commercial potential. 

One of the partners of this project is S.C. CLUJANA S.A., one of the most famous 
manufacturers of shoes in Romania, which showed interest and support for creating products from 
leather waste. With the support of the company manager and creative team, were made different types 
of footwear and leather goods with unique appearance and well received by customers. Production 
costs were much lower than in the classical production and economic efficiency and profit were 
superior. 

The handbags made from leather waste by visual artist Gabriel Carp stand out with great 
quality, refinement and originality, being true artistic creations that attract public attention. 

The project focused on the achievement of different products, such as: 
 

 Handbags (Fig.1): 
 

 
Fig.1: Handbags by Gabriela Carp, Visual Artist 
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 Footwear (Fig.2) and Belts (Fig.3) 
 

 
Fig.2: Footwear by Stan Ovidiu Valentin (fashion designer), produced at S.C. CLUJANA S.A. 

 

 
Fig.3: Belts by Stan Ovidiu Valentin (fashion designer), produced at S.C. CLUJANA S.A. 

 
 Decorative ornaments made from leather waste (Fig.4) 

 

 
Fig.4: Decorative ornaments by Gabriela Carp, Visual Artist 

 
All products made in the project  present an innovative approach in terms of technology, 

creation and design.[4]. To achieve these products we have followed a complex technological process 
which consisted of: 

 designing the products; 



 

ANNALS OF THE UNIVERSITY OF ORADEA 
FASCICLE OF TEXTILES, LEATHERWORK 

 

 161

 drawing the necessary patterns and templates; 
 determination of  the production costs; 
 establish the technological process for each product; 
 release the products for manufacturing; 
 manufacturing the products; 
 selling the products; 
 reduction of costs and technological looses; 
 minimize the environmental impact. 

In this project to achieve the specific products were used different sewing techniques and 
refining such as patchwork (a technique that involves sewing, riveting together pieces of leather waste 
to create a larger design) and ornamental applications (by gluing, sewing or riveting). The products 
can be made in small series/quantities or unique and they may represent suggestions, directions in 
leather waste recovery and also attract labor in individual manufacturing business development.  

The products made in the project can be sold in stores, art galleries, showrooms, trade fairs or 
online. The sale price of these products may be higher considering the high degree of manufacturing, 
bold design and their uniqueness. Therefore the development of this kind of products may represent an 
additional source of income for the companies that generate different amount of leather waste, costs 
reduction and an alternative solution for leather waste management and environmental protection. 
 

5. ENVIRONMENTAL PROTECTION AND RECOVERY OF UNUSABLE 
LEATHER WASTE 
 

Inevitably after any production process, including the use of leather waste, result an amount of 
waste that can’t be used. This waste represents an additional expense for the manufacturer and have a 
direct impact over the environment, which implies difficulties to solve, both for producers and for 
environmental protection. The leather waste that results from the production process can be processed 
to obtain biofertilizers with protein additives, biofuels or suface-active materials for the construction 
industry.  
 Environmental protection in the leather industry occurs in two directions: pollution prevention 
and pollution control. There is a difference between “clean production” and the traditional pollution 
control strategy based on “end-of-pipe” technologies. The "clean production" is preventive, while 
pollution control strategy accepts waste and  emissions as a "given" and try to find ways to treat and 
minimize them. Toward the end of technological process the amount of waste decreases but increase 
the complex composition of the waste. A modern technology management which proposes a "clean 
production" has three important aspects: 

1. Pollution prevention through the use of appropriate chemicals [5] 
2. The technological development of the company 
3. Liquid and solid waste management 

The waste treatment is an important component of management for a "clean production" 
because in the leather industry will never be totally avoided waste generation. Therefore, new methods 
of destruction, decontamination or neutralization waste to give less harmful substances, have a 
particular importance in the context of waste management. [6]. 
 The unusable leather waste results from the production process or the recycling process can be 
processed in order to obtain advanced products for the production of: 

 biomaterials used in human medicine, veterinary medicine, cosmetics, dermatology; 
 biofertilizers with protein additives; 
 biofuels; 
 surface-active materials for the construction industry. 

 
6. CONCLUSIONS 

 
 From the study and the practice of the project it can be concluded that leather waste is a major 
environmental risk factor - for aerobic and anaerobic environment - with harmful effects on the 
environment and human. The leather waste can be a source of raw materials for a wide range of 
activities and products, some of which have been exemplified in the project. By using leather waste, it 
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can reduce the consumption of raw materials, increase the level of general use and recovery. Equally it 
is a source of steady income for companies and an opportunity to create new jobs. 
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Abstract: We appreciated that the work can be divided into four chapters designed to enlighten, as far as 
possible the negative effects that evasion has, particularly the socio-economic phenomenon, faced by all 
countries. The negative effects generate an indisputable fraud phenomenon and tax evasion, which are felt 
directly on the level of tax revenue receipts, causing major distortions in the functioning of the mechanism of the 
market. Fiscal policy using the taxes generates psychological, financial, economic, social effects on a socio-
economic environment. The public power that realizes the reality of the tax consequences of the action taken as 
solution changes of the tax system structure in order to modulate the effects according with the expected 
outcome. Therefore, the aimed pursued extent influences the technical characteristics of the taxes, and they 
influence the micro and macroeconomic effects. In this respect it has been proved that reducing tax evasion it 
allows the creation of budgetary resources necessary for allotting funds for economic growth. 
Developing and implementing a modern and predictable tax for a medium and long term, would be 
indispensable in the context of competition that occurs between the European states for attracting new 
investment and creating new jobs. The taxes do not have to shape the behavior of taxpayers, they must be the 
same regardless of the type of income, it should not include distortions. In order to be reasonable, the fiscal tax 
should be distributed as wide as possible. 
 
Key words: tax evasion; VAT, textiles; border operations.  
 
 
 

1. INTRODUCTION  
 
In Romania the phenomenon of tax evasion has taken in the last twenty years, a particular 

dimension, seriously affecting the economic development of the country. However, tax evasion is still 
very difficult to control and quantify. This is due to several factors, among which we mention the 
imperfections and particularities of tax legislation, the low living standards of the majority of the 
population, the reduced level of civilization, culture and civic consciousness, aggressive fiscal policies 
that the state promotes and last but not least corruption which is present in authorities with 
responsibilities in combating tax evasion.  In Romania and at European Union level, tax evasion and 
fraud have serious consequences for the budgets of the Member States and on their own resources 
system, leading to violations of the principle of fair and transparent taxation, and can distort the 
competition damaging the functioning of the internal market. 

We believe that, no matter how one defines this phenomenon, ultimately tax evasion is a bad 
thing approached maliciously by the taxpayer. Regarding crimes of tax evasion, they include deeds 
alleged as such in the criminal law. Tax evasion has a direct and instant effect on the levels of tax 
revenues, fact that leads directly to imbalancies in market mechanisms as well as enrich illegally, 
practitioners of this method of cheating that affect the country and ultimately, each of us, the honest 
taxpayers. [1] 
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2. FISCAL FRAUD IN THE SALE OF TEXTILE PRODUCTS 
 

The accelerated decrease of lohn volume once our country integrated into the European 
Union, although alarming for companies in the textiles-footwear domain, however, at that time was 
considered not dangerous at the national level because it was compensated by other sectors 
development. However year after year, Romanian lohn has reduced its ratio in total exports of clothing 
and textile industry, out of which a big part of lohn contracts, was drastically reduced, production 
declined year by year in the context of many factories having closed their doors. 

Most retailers have come to Romania for skilled labor and proximity to western markets. 
However, Romania has lost the battle with the Asian market on the wage costs segment, factories in 
China, Bangladesh and Pakistan working on much smaller wages than in Romania. In this context and 
also in the context of the crisis, Romanian factories lost customers, thousands of workers were 
unemployed, and some factories have closed. In this situation, production decreased by 94% during 
1989-2011.  A part of economic operators established after EU accession, but not only, have quickly 
assimilated criminal fraud practices of tax liabilities used successfully for many years in the 
Community. The mechanism itself is structured in the current transitional arrangements for the 
taxation of intra-Community trade, which requires as a general rule, taxation of intra-Community 
goods performed between taxable persons in the Member State of destination.   

In the case of textiles and clothing production many factories have decided to pull the shutters, 
being defeated by the competition of cheap products coming from China on the one hand and Italy on 
the other for persons with average income. In this situation, starting with 2008 some operators began 
to defraud the tax obligations for clothing and textile operations, creating companies on behalf of 
foreign or Romanian citizens hardly identifiable, companies for whom they began to do intra-
Community transactions of such goods. Depending on each case, the purchased garments and textiles 
were sold in Romania at competitive prices without tax obligations, the afferent accounting records 
were not carried out or the transactions were closed by other intra-community operations or fictitious 
exports. 

In addition to these methods still practiced, in the period 2008 - 2009, the textiles made in 
China entered the EU through western harbours, were introduced illegally in Romania and released for 
free circulation without payment of afferent tax obligations, associated with the complicity of state 
representatives both in Romania and in other Member States, by registering the respective transports 
as output from Romania, especially to Ukraine and Moldova. 

Tax fraud in this area was further materialized through: 
 Undeclared production of goods; 
 Undeclared imports from China and other Asian or under-developed countries; 
 Non-inclusion in the base taxation; 
 Procurement of large quantities of goods by individuals especially in Turkey and 

China and selling them on the black market; 
 Fictitious exports.  

This type of fraud involves a chain of successive operations of sale and purchase performed 
on the Community market and on Romania territory, made by a group of economic operators who 
sometimes seek to exploit, in an apparent hint of legality, and differences of tax rates applied by EU 
Member States for the purpose "of cheaper" goods subject to such transactions and, consequently, of 
creating a comparative advantage in the market in terms of trading price. [2] 

 
3. FISCAL FRAUD IN CROSS BORDER TEXTILE PRODUCTS 

 
Carousel type fraud regarding VAT related to intra-Community transactions is an undeniable 

presence in intra-Community space, estimates of its size are worrying. The mechanism of this type of 
fraud is divided into the current transitional arrangements for the taxation of intra-Community trade, 
which requires as a general rule, taxation of intra-Community goods carried out between taxable 
persons in the Member State of destination.[3] 

This type of fraud is based on a fairly simple mechanism, namely the economic operator from 
the country of origin is invoicing without VAT and the economic operator in the country of destination 
shall apply the reverse charge system for this operation.As noted above, there are multiple methods, 
but the real analysis covered in this paper are those identified as entering Romania under suspensive 
customs transit.   

Thus, in 2008 there were identified a total number of 32 transit operations having as object 
goods of extra Community origin - China, being introduced into the customs territory of the European 
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Community and placed under a suspensive customs mode, with the final destination, different 
companies from Ukraine and Moldova. Customs transit operations were opened by customs offices in 
six EU member states, being completed and confirmed informatically in specialized module called 
NCTS by the customs offices at the Romanian border with recipient countries, without the possibility 
that the transited cargo could leave the European Community territory. 

We mention that when placing some extra-Community goods under customs suspension 
regime and the opening of transit in a Member State of the European Communities (European Union), 
it represents a pecuniary guarantee, recorded by the main obliged state, that is returned when the goods 
leaves the common customs area. For 2008, it was established that customs officials in the offices of 
Romania's border with recipient countries, have falsely confirmed, both on paper and in the customs 
computer system, leaving the country and implicintly the customs area,  with extra-Community 
destination, transport of those goods, with the consequent cash refund constituted guarantees and thus 
elusion of payment of European customs duties, the consequences of this being the illegal diminution 
of the resources of the general budget of the European Communities (European Union), by the non-
payment of customs duties and avoiding the related VAT obligation to be paid to the Romanian state 
for goods released for free circulation in Romania. [3] [4] 

Mentioning in the shipping documents of the same transport companies (even if shipments 
were made on the same day) in case the means of transport included on the accompanying documents 
have not entered Ukraine, through the crossing points mentioned. At the same time, the companies 
listed in customs documents as recipients of goods, were either not registered as businesses or were 
already liquidated. With regard to companies listed in the customs documents as recipients of goods 
which have been identified as active companies in Ukraine, from the verifications conducted by the 
competent authorities, it has been revealed that they have not made such imports.  

At the same time, the failure to confirm the recipients partners of these operations, could be 
established by competent authorities that the goods being confirmed as going the Community, were 
sold in Romania, the state budget being caused a prejudice consisting of  added value tax and profit 
fee and also illegal diminution of the resources of the general budget of the European Communities 
(European Union), by the non-payment of related customs duties. [3] [4] Given that a transport value 
was averaged at about 50,000 Euros, the customs value for the 32 shipments is 1,600,000 Euro. 

According to TARIC (Integrated Customs Tariff Community) duties owed for such products 
during 2008 were considered by 12% of the customs value (the average percentage taking into account 
that it cannot be determined what kind of textile is about, in TARIC being recorded many tariff 
headings). Therefore, it was established that, by falsified confirming of withdrawal from Romania and 
thus from common customs area of teh entire quantity of textiles, the general budget of the European 
Communities has illegally been decreased, by non-payment of related customs duties totaling 192,000 
Euros, and Romania's genral consolidated budget in amount of 340,480 Euro, accounting for value 
added tax, according to data from Table 1. [2] 

The tax base for VAT was determined based on data and information available, according to 
the following formula: 

BIMP vat. = value at the customs + customs duty [5] 
To determine the VAT, a rate of 19% was applied to the tax base calculated according to the 

above formula. 
 

Tabel 1: Calculation of tax liabilities for the 32 transit operations 
Nr. 
crt. 

Name 
Customs 

Value 
Customs 

duties 
B.I. VAT VAT 

1 Tranzit 1 48.300 5.760 53.760 10.214 
2 Tranzit 2 51.000 6.120 57.120 10.853 
3 Tranzit 3 52.000 6.240 58.240 11.066 
4 Tranzit 4 49.500 5.676 52.976 10.065 
5 Tranzit 5 50.000 6.000 56.000 10.640 
6 Tranzit 6 51.000 6.120 57.120 10.853 
7 Tranzit 7 49.500 5.940 55.440 10.534 
8 Tranzit 8 51.500 6.180 57.680 10.959 
9 Tranzit 9 52.000 6.120 57.120 10.853 
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10 Tranzit 10 48.000 5.760 53.760 10.214 
11 Tranzit 11 51.700 6.204 57.904 11.002 
12 Tranzit 12 49.000 5.880 54.880 10.427 

 13 Tranzit 13 50.500 6.060 56.560 10.746 
14 Tranzit 14 50.000 6.000 56.000 10.640 
15 Tranzit 15 50.500 6.060 56.560 10.746 
16 Tranzit 16 52.000 6.240 58.240 11.066 
17 Tranzit 17 51.000 6.120 57.120 10.853 
18 Tranzit 18 49.000 5.880 54.880 10.427 
19 Tranzit 19 48.000 5.760 53.760 10.214 
20 Tranzit 20 49.500 5.940 55.440 10.534 
21 Tranzit 21 51.000 6.120 57.120 10.853 
22 Tranzit 22 51.500 6.180 57.680 10.959 
23 Tranzit 23 50.500 6.060 56.560 10.746 
24 Tranzit 24 47.500 5.700 53.200 10.108 
25 Tranzit 25 49.000 5.880 54.880 10.427 
26 Tranzit 26 50.000 6.000 56.000 10.640 
27 Tranzit 27 51.000 6.120 57.120 10.853 
28 Tranzit 28 50.000 6.000 56.000 10.640 
29 Tranzit 29 48.700 5.844 54.544 10.363 
30 Tranzit 30 49.300 5.916 55.216 10.491 
31 Tranzit 31 52.000 6.120 57.120 10.853 
32 Tranzit 32 50.000 6.000 56.000 10.641 

 TOTAL 1.600.000 192.000 1.792.000 340.480 
Source: Processing author from www.mfinante.ro,www.eurojust romania, www.just.ro 
   
  4. CONCLUSIONS 
 

Although there is sufficient staff the fiscal and customs offices doot have the expected 
efficiency in many situations due to operating system of these institutions, being needed a 
consolidation at the local level and due to delays in terms of controlling and improving tax provisions 
it is necessary the use and improvement of the information systems. To improve the collection of taxes 
is absolutely necessary a profound reform of the administration of taxes in Romania. 
  Given the shipped goods origin, and the addressed, in such cases, after applying appropriate 
control procedures, it is required a risk assessment. In order to avoid such future practices it is 
necessary a specific procedure affixed to artery into and out of the customs territory, which can 
establish specific tasks for each phase of the operations of the physical, documentary, registration 
records etc., each customs officer assigned to specific responsibilities or per shift as well as a better 
management of access passwords in the computer system. 
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Abstract: Innovation in SMEs is a key to competitiveness and economic growth pillar. Currently, in Spain, the 
most important policy to support innovation is tax incentives for R&D&I, based on the issuance of Motivated 
Binding reports of the Ministry of Economy and Competitiveness. 
This work offers SMEs a quantitative and qualitative model of analysis, and enterprise-level projects, which 
aims to help them get a favorable structure for innovation. Specifically, a systematic analysis is proposed for 
Spanish SMEs that perform productive R&D&I, based on factors of company, projects and on both of them, and 
based on an interview for SMEs, on an analysis of the projects based Motivated Binding a Report and on a 
review of key data presented in the Mercantile Register. 
The method developed has been endorsed by a panel of experts in the field: managers related to innovation, 
researchers from the University, Agents involved in Institutions binding Motivated management Reports, 
Managers of innovative SMEs, Business Associations, etc.  
By providing a systematic analysis, it will be able to make a quantitative and qualitative empirical study of a 
representative sample of companies, based on the application of this method. 
With all this, we will achieve the characterization and modeling of the Spanish productive SMEs performing 
R&D&I, obtaining, a model able to assist Spanish companies to achieve including the R&D&I, in its business 
strategy, which will generate new possibilities for improving competitiveness. 
 
Key words: research, development, innovation, company 
  
 
 

1. INTRODUCTION  
 
Innovation in SMEs is a key to competitiveness and economic growth pillar. Currently, in 

Spain, the most important policy to support innovation is tax incentives for R&D&I, based on the 
issuance of Motivated Binding reports of the Ministry of Economy and Competitiveness. [1] 

After an investigation, it is established that there are numerous quantitative studies on SMEs 
performing in R&D&I, but if a company decides to start innovating, there are no references on what 
its structure, organization, operation, etc. should be. [2], [3], [4], [5], [6], [7], [8], [9].  

Also, after inquiring about the systematic analysis of existing companies, both explicit and 
implicit, it appears that they do not cover all aspects needed to characterize and model the Spanish 
productive SMEs performing R&D&I. [10], [11]. Therefore, the need to develop a complete specific 
systematic, that combines and integrates aspects of business, project, strategy, organization, etc. and 
relate these aspects together. 

It is considered appropriate to raise a systematic that brings together the advantages of the 
existing ones, that is why it is decided that this work will be developed around two main axes:  

 Personal and specific analysis for each company which aims to get specific information 
about the situation of each company and its projects.  
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 General analysis of each company based on data from which general information of the 
company can be obtained and some of the information obtained in the other axis can be 
validated. 

It is considered that to characterize and model the Spanish productive SMEs performing 
R&D&I, the application of various statistics is not enough that reflect disparate aspects of the R&D&I. 
Since one of the main limitations of the prior art is that the existing studies are based solely on 
quantitative variables, so that important actors in the R&D&I are excluded. Therefore, it is intended 
that the scheme of analysis is able to work with both quantitative and qualitative indicators. 

It is intended to find a solution based on the mathematical use of multiple variables both 
inputs as outputs, and even of the process itself, with the aim of providing a comprehensive and 
multifaceted vision. 
 

2. DEVELOPMENT 
 

To achieve the objectives, it is considered essential to raise a systematic able to study and 
relate company factors, projects and mixed, both qualitatively and quantitatively, and it is considered 
essential that the basic structure of systematic includes the following sections:  

 Survey - SMEs personalized interview (included in the personal scan axis).  

  Detailed analysis of the R&D&I performing companies (included in the personal scan 
axis).  

 Assessment of the main data submitted to Mercantile Register (included in the axis of the 
general analysis). 

The choice of variables in each of the sections is complicated, due to both its availability and 
representativeness, therefore, the most appropriate variables will try to be found considering the 
subsequent need for mathematical combination.  

This routine is intended to correct defects and complement existing systematic deficiencies in 
the application of diagnostic models of Spanish SMEs in their R&D&I. This is based on the following 
considerations: 

 We do not part from a developed or imitated model which has been used in totally 
different areas. 

 The proposed systematic is based on research and previous experience in similar SMEs to 
be analyzed, but without giving up the use of existing universal concepts on the analysis 
of companies.  

 Within the systematic proposal it is pretended to work always with the manager of the 
company, and the major directors of the different bussiness areas. 

It is intended to achieve a systematic analysis that provides confidence in the results and 
facilitates the statistical treatment of the data collected so that it is considered adequate to sumarise the 
variables assessed in this methodology, so once the analysis process of the company and its projects is 
done, it will be necessary to capture information from a structured way for later work and to get 
statistically information so thah SMEs can be characterized. 

The model includes a systematic questionnaire-interview with the following major sections: 
general information, organizational structure, HR and training, technology and innovation capacity, 
products and processes.  

Detailed analysis of the R&D&I performed by firms study is based on existing information in 
the Motivated Binding Resports issued by the correspondent Ministry, such as the duration, planning, 
cost structure, support received, type of novelty etc.  

The assessment of key data submitted to Mercantile Register will include aspects such as the 
evolution of turnover, profits, profitability, etc. 

Bellow there is a table that includes variables both for projects and companies, which must be 
completed after and / or during the analysis of each of the companies and projects thus, it will be with 
this table with which the subsequent mathematical-statistical analysis will be proceeded. 
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Table 1. Variables studied mathematically at the enterprise level. 
Sector. 
Autonomous Community. 
Workers number in years n, n-1, n-2 and n-5. 
Created company year. 
Billing years n, n-1, n-2 and n-5. 
Benefit years n, n-1, n-2 and n-5. 
Profitability (% ) year n. 
Financial Performance (% ) year n. 
Debt ( % ) year n. 
Is there a strategic plan? 
Reputation rating company in the market. 
Most prominent feature of the company distinguished by customers. 
Degree of export. 
R&D&I Expenditure years n, n-1 and n-2. 
Total expenditure on R&D&I (personal) accepted by the MINECO in different projects. Years n, n-1 
and n-2. 
Is there enough staff in the business? 
Are there plans for more staff? 
How is the working environment in the company? 
Is teamwork encouraged? 
Are internal communication mechanisms adequate? 
Is the innovation encouraged in the company from management? 
Manager training. 
Business and manager bonding. 
Is there an adequate learning environment? 
How is the technological capability of the firm considered? 
Is there strategic R&D&I ot technological plan? 
How do you consider the level of professionalism of the company? 
Number of R&D&I projects in years n, n-1, n-2. 
Number of R&D&I management in the years n, n-1 and n-2. 
Number of dedicated people (total or partial) to R&D&I. Years n, n-1 and n-2. 
Number of Doctors dedicated (total or partial) to R&D&I. Years n, n-1 and n-2.  
Number of Higher Degree dedicated (total or partial) to R&D&I. Years n, n-1 and n-2. 
Number of Graduates dedicated (total or partial) to R&D&I. Years n, n-1 and n-2. 
Number of Graduates in Vocational dedicated (total or partial) in R&D&I. Years n, n-1 and n-2. 
Number of No Graduates dedicated (total or partial) to R&D&I. Years n, n-1 and n-2. 
How do you consider the level of structure of the R&D&I? 
Are sufficient human resources devoted to R&D&I? 
Do you have management systems R&D&I? 
Number of publications in professional journals in the last 3 years? 
Does it have trouble to finance R&D&I? 
Does it innovate in a structured way? 
Do they use tools to improve R&D&I? 
Rating novelty goods. 
Rate the importance of the brand to the introduction of new products. 
Rate the state for improvement / optimization of existing processes in the company. 
Rate the degree of investment in recent years. 
Does the company present projects every year? Or only sporadically? 
Real average project duration (average of actual project duration in months). 

 
 Table 2. Variables studied mathematically at the project level. 

UNESCO Code. 
Expected duration of the project in number of months. 
Real total project duration in number of months. 
Total budget for the entire project (differentiating in years). 
R & D budget for the entire project (differentiating in years). 
Innovation budget for the entire project (differentiating in years). 
Total cost justified the entire project (differentiating in years). 
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Justified cost on R & D of the whole project (differentiating in years). 
Justified cost on Innovation of the whole project (differentiating in years). 
Full accepted cost of the entire project by MINECO (differentiating in years). 
Accepted cost on R & D of the whole project by MINECO (differentiating in years). 
Accepted cost on Innovation of the whole project by MINECO (differentiating in years). 
What is the cost accepted by MINECO for internal staff for the entire project? Specify R&D&I. 
Specify for years n, n-1 and n-2. 
What is the cost accepted by MINECO for Universities and / or Innovation Centres for the entire 
project? Specify R&D&I. Specify for years n, n-1 and n-2. 
What is the cost accepted by MINECO for external collaborations for the entire project? Specify 
R&D&I. Specify for years n, n-1 and n-2. 
What is the cost accepted by MINECO for consumables for the entire project? Specify R&D&I. 
Specify for years n, n-1 and n-2. 
What is the cost accepted by MINECO for depreciation for the entire project? Specify R&D&I. 
Specify for years n, n-1 and n-2. 
What is the cost accepted by MINECO for other expenses for the entire project? Specify R&D&I. 
Specify for years n, n-1 and n-2. 
Where is the innovation in the project? 
Is there a new or substantially improved product / process? 
Is the novelty of the project objective or subjective? 
Does the project involve a national or international technological innovation? Or internal? 
Is the project based on a radical, incremental or imitative innovation? 
Is it a multiobjective project?  
What is the final strategic objective of the project? 
Total number of people dedicated to the project. Specify in years n, n-1 and n-2. 
Total number of doctors dedicated to the project. Specify in years n, n-1 and n-2. 
Total number of higher degree dedicated to the project. Specify in years n, n-1 and n-2. 
Total number of graduates dedicated to the project. Specify in years n, n-1 and n-2. 
Total number of graduates in vocational dedicated to the project. Specify in years n, n-1 and n-2. 
Total number of no graduates dedicated to the project . Specify in years n, n-1 and n-2. 
Total number of people solely on the project. Specify in years n, n-1 and n-2. 
Type of people dedicated exclusively. 
Does the manager participate in the project? 
Has the project received state aid? 
Quantity provided by a financial institution at market rate? 
Quantity received as a grant? 
Quantity received in the form of preferential loans? 
Rating technicality of external collaborations of the projects 
Is the project conducted in cooperation with other entities?  
Are the results of the project protected by property rights? 

 
From the combination of some of the above variables which are obtained others are identified 

as "outcome variables", both at company and project, which also work in statistical analysis. These 
variables are shown in the following tables. 

 
Table 3. Outcome variables at company  

% Workers assigned to R&D&I tasks in year n / total workers in year n. 
% Workers assigned to R&D&I tasks in year n-1/ total workers in year n-1. 
% Workers assigned to R&D&I tasks in year n-2 / total workers in year n-2. 
% Profit in year n / Turnover in year n. 
% Profit in year n-1 / Turnover in year n – 1. 
% Profit in year  n-2 / Turnover in year n – 2. 
% Profit in year  n-5 / Turnover in year n – 5. 
% R&D&I costs in year n / Profit year n. 
% R&D&I costs in year  n-1 / Profit in year n – 1. 
% R&D&I costs in year  n-2 / Profit in year n-2. 
% R&D&I costs in year  n-5 / Profit in year n-5. 
% R&D&I costs in year n / Turnover in year n 
% R&D&I costs in year  n-1 / Turnover in year n – 1. 
% R&D&I costs in year  n-2 / Turnover in year n-2.  
% R&D&I costs in year  n-5 / Turnover in year n-5. 
% R&D&I costs in year n / Number of projects in year n. 
% Cost for internal staff in R&D&I in year n / R&D&I costs in year n. 
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% Cost for internal staff in R&D&I year n-1 / R&D&I costs in year n-1. 
% Cost for internal staff in R&D&I year n-2 / R&D&I costs in year n-2. 
% Cost for internal staff in R&D&I in year n/ Number of people of R&D&I department in year n. 
% Cost for internal staff in R&D&I in year n-1/ Number of people of R&D&I department in year n-1. 
% Cost for internal staff in R&D&I in year n-2/ Number of people of R&D&I department in year n-2. 
% Number of doctors of R&D&I department in year n/ Number of people of R&D&I department in 
year n. 
% Number of doctors of R&D&I department in year n-1/ Number of people of R&D&I department in 
year n-1. 
% Number of doctors of R&D&I department in year n-2/ Number of people of R&D&I department in 
year n-2. 
% Number of higher degree of R&D&I department in year n/ Number of people of R&D&I 
department in year n 
% Number of higher degree of R&D&I department in year n-1/ Number of people of R&D&I 
department in year n-1. 
% Number of higher degree of R&D&I department in year n-2/ Number of people of R&D&I 
department in year n-2. 
% Number of graduates of R&D&I department in year n/ Number of people of R&D&I department in 
year n. 
% Number of graduates of R&D&I department in year n-1/ Number of people of R&D&I department 
in year n-1. 
% Number of graduates of R&D&I department in year n-2/ Number of people of R&D&I department 
in year n-2. 
% Number of graduates in vocational of R&D&I department in year n/ Number of people of R&D&I 
department in year n. 
% Number of graduates in vocational of R&D&I department in year n-1/ Number of people of 
R&D&I department in year n-1. 
% Number of graduates in vocational of R&D&I department in year n-2/ Number of people of 
R&D&I department in year n-2. 
% Number of no graduates of R&D&I department in year n/ Number of people of R&D&I department 
in year n. 
% Number of no graduates of R&D&I department in year n-1/ Number of people of R&D&I 
department in year n-1. 
% Number of no graduates of R&D&I department in year n-2/ Number of people of R&D&I 
department in year n-2. 

 
Table 4. Outcome variables at project  

% Economic deviation. 
% Cost accepted by MINECO for internal staff / total cost accepted by MINECO. 
% Cost accepted by MINECO for Universities and / or Innovation Centres / total cost accepted by 
MINECO. 
% Cost accepted by MINECO for external collaborations / total cost accepted by MINECO. 
% Cost accepted by MINECO for consumables / total cost accepted by MINECO. 
% Cost accepted by MINECO for depreciation / total cost accepted by MINECO. 
% Cost accepted by MINECO for other expenses / total cost accepted by MINECO. 
% Total number of Doctors dedicated to the project / Total Number of people dedicated to the project 
% Total number of Higher Degree dedicated to the project / Total Number of people dedicated to the 
project. 
% Total number of graduates dedicated to the project / total number of people dedicated to the project.
% Total number of graduates in vocational dedicated to the project / total number of people dedicated 
to the project. 
% Total number of no graduates dedicated to the project / total number of people dedicated to the 
project. 
% Amount financed by a financial institution / Total expenditure executed. 
% Amount received as subsidy / Total expenditure executed. 
% Amount received on preferential credit / Total expenditure executed. 

 
By providing a systematic analysis, it will be able to make a quantitative and qualitative 

empirical study of a representative sample of companies, based on the application of this method. 
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Note that the method developed has been endorsed by a panel of experts in the field: managers 
related to innovation (Technology Centers, European Business and Innovation Centres, etc.), 
researchers from the University, Agents involved in Institutions binding Motivated management 
Reports, Managers of innovative SMEs, Business Associations, etc. With the panel of experts’ 
participation we achieve to improve the method and demonstrate the efficiency of the results described 
throughout this work. 

With all this, we will achieve the characterization and modeling of the Spanish productive 
SMEs performing R&D&I, obtaining, a model able to assist Spanish companies to achieve including 
the R&D&I, in its business strategy, which will generate new possibilities for improving 
competitiveness. 
 

3. CONCLUSIONS 
 

This work provides a systematic quantitative and qualitative analysis, and enterprise-level 
projects, suitable for analyzing any SMEs, regardless of size, sector, age, etc. It identifies and defines 
the influential variables and attributes in the innovation process of SMEs, both at the enterprise level, 
as individual projects; and is able to cover the necessary aspects to characterize and model the Spanish 
productive SMEs performing R&D&I. 
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Abstract: The role of this paper is to highlight the position of the European players in the textile market and the 
challenges to which they are subjected. In this paper are presented ways, taking the „diamond" model of M. 
Porter and are adapted to the situation of the textile market. These adaptations have outlined the main existing 
problems and the possible solutions that can ensure the long-term competitive advantage. Gaining a competitive 
advantage based on innovation, the development of production and outsourcing strategies using the "diamond" 
model of M. Porter, we can say that is one of the viable solutions for gaining competitive advantages necessary 
for proper European companies to face competition from countries outside Europe. As developing countries do 
not meet certain environmental standards or norms of European law, but in terms of product innovation and 
development of new materials, they do not have the necessity for technology. We conducted an analysis of the 
factors that play a key role in the production of textiles, representing how they are used in the favor of European 
companies such investments to be supplemented can be found in how these factors act on the total costs. 
 
Key words: competition, factors, strategies, competitive advantage 
 
 
 

1. INTRODUCTION  
 

      The massive competition between producers in the EU and those who are in countries like 
China, Japan, Turkey, Korea provoked questions on the EU textile industry and its lifetime. The desire 
to maintain market share, many manufacturers are in the European Union they were forced to take 
drastic measures such as reducing of staff. European textile market in 2013 had an income of 190 
billion euro in 2010 had an income of 172 bilion euro. Largest textile market segment is represented 
by the casual wear, they share with 36.7% of all textiles, and the next place is the textile 35.4%.[1]. 
     The textile industry continues to have a significant role in the European economy and its 
decline will have a serious impact on the EU economy.  

The concern is caused by the production of textiles in Western Europe because it competes 
directly with the regions outside the EU who have a cheaper labor force, and in terms of 
environmental standards they are more relaxed and most of or do not exist at all. Finding alternative 
ways to EU producers with which they can survive. The strong points held so far at the same time are 
not sufficient prerequisites for competitive advantage. 

In this analysis we use Michael Porter's theory on competitive advantage. According to it, the 
goal of all businesses is to obtain an competitive advantage in the relations with competitors on the 
market.This advantage can be achieved by two ways, ie selling products at a lower price, or their 
differentiation.[2] Regarding the price of the products, we can specify that the EU does not practice 
the lowest prices, but to enjoy a competitive advantage that can ensure the longevity of textile 
manufacturing companies requires a differentiated product. This differentiation it can be able to make 
through quality, namely providing superior quality products that are competing manufacturing 
companies in countries like China. We have to consider that competitive advantage in any industry is 
represented by the synergy of factors and not just by one. To use the competitive advantage we need to 
know the weaknesses and threats that confront major textile producing countries in the EU.  
In his book The Competitive Advantage of Nations, Porter introduces the notion of national 
competitive advantage, which refers to "the decisive characteristics of a nation that allows companies 
to create a sustainable competitive advantage in some areas" [2]. In our case we consider that the most 
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advanced countries like France, Germany and the United Kingdom, because according to statistics 
conducted by Datamonitor in these countries produce the largest quantity of textiles in Europe. But to 
face competition from outside the EU, manufacturing companies have to believe or support their 
competitive advantages.  

 
Table. 1: Europe textile market segmentation 

Country %Share 
France 15,6% 
Germany 15,3% 
United Kingdom 14,3% 
Italy 13,8% 
Spain 9,4% 
Rest of Europe 31,5% 

 
2. FACTOR CONDITIONS 

  
       These factors are represented by human resources (their quantity, quality, and knowledge), 
data resources of capital (cost of finance industry) and infrastructure (here we include transportation 
system, communications, health care, cultural conditions). Given that some of these factors are 
detained by a default country, and have different combinations of factors from one industry to another, 
we can specify that the competitive advantage of a country is the result of the mix of these factors. But 
we have to mention that in creating competitive advantage not all factors are equally important, so 
Porter has classified as "basic factors" (human resources, unskilled labor), "advanced" (modern 
infrastructure, trained personnel in research ), "general" (transportation system, motivated staff with 
basic general education high school) and "specialized" (specialized or adapted infrastructure industry, 
specializing in a particular field staff). 

In textile production factors are required basis, the general being rare. General factors, 
represent the processes that need qualified staff rarely found, one of the processes that it takes these 
factors are the production of synthetic fibers. Otherwise, the main production processes can take place 
using only basic factors, ie mainly unskilled or basic knowledge, the resources required for the 
production of textiles finding is easy. These factors can be considered as the generators of competitive 
advantage, but their operation is typical of countries where we find abundant and the breakneck small. 
In Europe the labor cost is relatively high compared to countries beyond, developing countries. 
Imports of textiles from developing countries such as Indonesia, India, Pakistan, grows twice as fast as 
exports of textiles to the EU regions [3]. Noticing that brain source of competitive advantage is in 
practice a low cost because competition can not be surpassed in this respect, European manufacturers 
were going to invest in other ways to create competitive advantage. They developed the design, 
fashion, even created new materials, by investing in research. We may say that was created a 
competitive advantage based on innovation.  

 
     3. THE DEMAND FACTOR 
 
     The second factor in creating competitive advantage in an industry is represented by the 
existence demanded for its products. In the early 1980s has been changing the way of buying clothing 
that is people have begun to purchase clothing only for one season. This custom came with creating 
the concept of fashion and lifestyle change that until 1980 does not take place only once or twice a 
year. The appearance of this concept has led to intensified competition in consumption growth. 
European producers have focused more on fashion in style textile quality and less on their price. This 
demand for textiles in fashion having different colors and patterns are more likely to be satisfied by 
'local'  or Europeans manufacturers than by those from outside Europe because Europeans are the ones 
who invented this concept, it will occur subsequent changes or adaptations throughout Europe. The 
competitive advantage enjoyed by European manufacturers bringing with him a number of other 
advantages:  

a) the response speed to challenges demand; 
b) lower distribution costs; 
c) there will be costs due to long period’s stationary products in stock. 

With the advent of large brands, the buyers began to associate with quality, preferring them instead of 
them located in Asia for example where they are unknown. With the growth of the industry based on 
demand, manufacturers have started to look for distributors that would ensure quick delivery of 
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products and to deal with frequent changes of style in this area. In Europe the company which 
registered in 2010 the highest incomes in Europe is Bennetton Group. This is recorded in Milan, Italy 
and is the main activate the production of clothing for adults and children and the second activity is the 
production of textiles. Benetton has nearly 10,000 employees and in 2012 had $ 3,2 million turnover 
[1]. Indeed, in Italy the percentage that you spend on clothes per citizen is the highest, being 10% of 
total revenues in 2000 [3]. As consumers are more sophisticated applications with both pressure faced 
by manufacturing companies is higher.  
   
     4. STRATEGY STRUCTURE AND RIVALRY 
 
      In a globalized and liberalized world, there is a clear line of demarcation between "cost 
routing" and "differentiation".  

Differentiation markets can go hand in hand with directing supply chain costs.  
A competitive strategy used by European companies is represented by textile manufacturer’s 

collaboration with the fashion designers, resulting in the creation of materials and new designs. We 
mention here one of the most popular joint Marks & Spencer ventures. 
One method to enter the retail sector of many European countries without fear of loss of identity large 
companies is the method called franchising. Benetton was among the first who used this method and 
managed to deliver around the world textile and clothing without losing autonomy and thus having 
control over the distribution network.  

The major companies have considered relocating production as the only method that could 
cope with success in this area. The relocation takes place only in the production and is in countries 
where labor is cheap. Both the research and part design and product design will be outsourced.  
This outsourcing of production takes place in countries from Europe, most of them belonging to the 
Central and Eastern EU. Eastern European countries have come to be among the leading textile 
providers of West European with Turkey and North Africa. 

Investments made in research and development has led to the creation of new types of 
materials, like those ecological and environmentally and are difficult to copy by the EU's main 
competitors represented as barriers to entry of new producers less developed.  

Regarding competition, we can consider the one threatening from India and Pakistan. Their 
products are limited to simple items like t-shirts or underwear. China already produces complex items 
of superior quality the aforementioned countries. It holds a 30% share of EU imports in 2003 and 
owns 50% of imports from Italy. [1]. The key to success of China, lies in practicing a very low price 
for a product "good" or well done. Counterfeiting products has become a highly practiced in China. To 
strengthen its position in the Chinese industry is mostly used in practicing state dumped. Although, 
with China's accession to the WTO (World Trade Organization) should have the advantages 
establishing fair competition. But these advantages cannot be operated because there complete 
information on the conditions of production and sales in China. 

 
       5.  RELATED INDUSTRIES 
 
     The competitive advantage comes from tight cooperation between large suppliers and 
companies. They help companies to gain access to information on new technologies and methods [2]. 
EU textile sector is composed from small and medium companies. In 2010 the European textile 
industry realised a total turnover of € 172 billion and employed 1.9 million people in more than 
127,000 companies. The average number of employees in a company in 2010 was about 19. [4] The 
largest drop has been registered in Spain, France, Germany, Czech Republic and the UK. All have 
experienced a decline above 55%, the largest seen in the UK with 67%. The lowest declines were 
registered in Belgium, Netherlands (both 43%), Finland24 (37%) and Bulgaria with only 17%. In 
Bulgaria textile manufacturing employment declined by 50% whereas clothing manufacturing 
employment only declined by 9%.[1] 

The speed of the producers response to customer needs, flexibility and the speed at which 
manufacturers can adapt to environmental changes occurred is really to competitive advantage. The 
high degree of regional concentration, combined with decentralization, creates conditions for the 
phenomenon appointed by Marshall an "industrial district" [5]. These types of small concentrations of 
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the same type and in the same place are the most common in Italy and each company is specialized in 
a specific type of activity production process. 

This "industrial district" has a greater flexibility, and companies that are part of this district do 
with the changes more quickly, being bulk cooperation. On the other hand, companies focused but 
behave independently, these do not receive the information to others and engineering of the 
atmosphere located in the district. 

                                                                                                  
  6. CONCLUSIONS 
 
     With the increasing of international competitiveness and market belong to the new "players" 
such as China, companies in Europe must awareness of, the basis of competition is not only the low 
price. To face the challenges must develop their certain skills such as flexibility. The innovation has an 
important role in combating competition, there is need for investment in research and development 
areas, where they develop new products, new materials with different uses. Needs of the customer are 
put on the first plans, the importance of speed of response to requests from producers to drug users. 
Manufacturers focus on the niche markets is an asset owned by Europeans because they are hardly 
satisfied, most often these markets are product customization, but at small series. The access from 
China manufacturers such competitors in these markets are difficult because the response speed, 
quality, and innovation are key features of this market. Although at this time the textile industry in 
Europe is not competitive in terms of production costs, the solution found by the major manufacturers, 
namely outsourcing is the optimal production. It also benefits from the ability of European producers 
anticipate customer needs, which are increasingly difficult to satisfy. This prediction is made by 
changing trends, adapting them to the main activities of most consumers. In the future, European 
companies need to adopt new strategies to be based on demand trends and national distribution 
systems. 
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Abstract: Eco-innovation is any form of innovation resulting in or aiming at significant and demonstrable 
progress towards the goal of sustainable development, through reducing impacts on the environment, enhancing 
resilience to environmental pressures, or achieving a more efficient and responsible use of natural resources. 
States and governments of the world, different institutions and organizations actively involved and aware in 
public policies, strategies and actions, reaffirm their commitments and reassess actions in order to achieve a 
truly sustainable development. In the common vision and the resolutions and other documents of the United 
Nations Conference on Sustainable Development, Rio+20, the words "environment", "innovation", "green 
economy" appear very often and almost always along the same context, to achieve the objectives of the 
sustainable development. The objectives of EU's Europe 2020 strategy for smart, sustainable and inclusive 
growth, are being implemented through a number of Flagship Initiatives addressing the main challenges, like 
“Innovation for a sustainable Future - The Eco-innovation Action Plan (EcoAP)”. Eco-innovation Observatory 
developed the Eco-Innovation index, the first tool to assess and illustrate eco-innovation performance across the 
EU Member States. Like in all fields, in textiles and leatherwork field, eco-innovation is present and there are a 
lot of tools available that measure environmental damage and help manufacturers and brands become more 
sustainable. Eco-innovation is not just a trendy concept but a reality and a necessity nowadays, a way to achieve 
a sustainable future for ourselves and future generations. 
 
Key words: environment, innovation, eco-innovation, eco textiles, sustainable development 
 
 
  1. INTODUCTION 
 

More and more severe environmental challenges and resource constraints have lead to 
growing worldwide demand for environmental technologies, products and services and have facilitated 
the emergence of green industries. Appeared a lot of new expressions and concerns, such as eco 
efficiency, eco smart companies, eco industries, clean production, which put in place, leading to 
rational and efficient management of resources, reduce energy consumption, increased competition 
and the number of technological alternatives available, and finally to a better quality of life, to a better 
and right development for entire society. In this context appeared, the same, the expression “eco-
innovation” which is closely linked to the way we use our natural resources and to how we produce 
and consume. 

Eco-innovation is any form of innovation resulting in or aiming at significant and 
demonstrable progress towards the goal of sustainable development, through reducing impacts on the 
environment, enhancing resilience to environmental pressures, or achieving a more efficient and 
responsible use of natural resources. [1] Today, eco-innovation concept is used worldwide, at all 
levels, in public politics and strategies, in production and business, research and education, in all 
fields. 

 
2. UNITED NATIONS CONFERENCE ON SUSTAINABLE DEVELOPMENT 

 
In the common vision and the resolutions (Resolution 1 adopted by the Conference on 

Sustainable Development, Rio+20, “The future we want”) and other documents of the conference, 
stated: 
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“We, the Heads of State and Government and high-level representatives, having met at Rio de 
Janeiro, Brazil, from 20 to 22 June 2012, with the full participation of civil society, renew our 
commitment to sustainable development and to ensuring the promotion of an economically, socially 
and environmentally sustainable future for our planet and for present and future generations.” 

“We therefore acknowledge the need to further mainstream sustainable development at all 
levels, integrating economic, social and environmental aspects and recognizing their interlinkages, so 
as to achieve sustainable development in all its dimensions.” 

“We resolve to take urgent action to achieve sustainable development. We therefore renew our 
commitment to sustainable development, assessing the progress to date and the remaining gaps in the 
implementation of the outcomes of the major summits on sustainable development and addressing new 
and emerging challenges. We express our determination to address the themes of the United Nations 
Conference on Sustainable Development, namely, a green economy in the context of sustainable 
development and poverty eradication, and the institutional framework for sustainable development.” 

“We affirm that green economy policies in the context of sustainable development and poverty 
eradication should: … promote sustained and inclusive economic growth, foster innovation and 
provide opportunities, benefits and empowerment for all and respect of all human rights”. 

“We underscore the importance of supporting educational institutions, especially higher 
educational institutions in developing countries, to carry out research and innovation for sustainable 
development, including in the field of education, to develop quality and innovative programmes, 
including entrepreneurship and business skills training, professional, technical and vocational training 
and lifelong learning, geared to bridging skills gaps for advancing national sustainable development 
objectives. [2] 

As you can see in these few remarks, the words "environment", "innovation", "green 
economy" appear very often and almost always along the same context, to achieve the objectives of 
the sustainable development. 
 

3. EUROPE 2020 - A STRATEGY FOR SMART, SUSTAINABLE AND 
INCLUSIVE GROWTH 
 

The EU's Europe 2020 strategy for smart, sustainable and inclusive growth was launched by 
the European Commission in March 2010 and approved by the Heads of States and Governments of 
EU countries in June 2010. The document sets out concrete targets to be achieved within the next 
decade in areas such as employment, education, energy use and innovation in order to overcome the 
impact of the financial crisis and put Europe back on track for economic growth. 

The Europe 2020 strategy is about delivering growth that is: smart, through more effective 
investments in education, research and innovation; sustainable, thanks to a decisive move towards a 
low-carbon economy; and inclusive, with a strong emphasis on job creation and poverty reduction. 
The strategy is focused on five ambitious goals in the areas of employment, innovation, education, 
poverty reduction and climate/energy. Europe 2020, a strategy for jobs and smart, sustainable and 
inclusive growth, is based on five EU headline targets: 
1. Employment:  

- 75% of 20 to 64 year old men and women to be employed 
2. Research &Development 
 - 3% of GDP to be invested in the research and development (R&D) sector 
3. Climate change and energy sustainability 
 - reduce greenhouse gas emissions by 20% compared to 1990 levels 
 - increase the share of renewables in final energy consumption to 20 % 
 - 20% increase in energy efficiency 
4. Education 
 - reduce the rates of early school leaving to below 10% 
 - at least 40% of 30 to 34 year olds to have completed tertiary or equivalent education 
5. Fighting poverty and social exclusion 
 - reduce poverty by lifting at least 20 million people out of the risk of poverty and social 
exclusion. [3] 

Can see that the environmental protection and innovation through education, research and 
development are seen as the main way forward for achieving the strategy’s targets. 
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 4. THE ECO-INNOVATION ACTION PLAN 
 

The Europe 2020 strategy’s objectives are being implemented through a number of Flagship 
Initiatives addressing the main challenges. 

- the Youth on the move initiative, to enhance the performance of education systems, non-formal 
and informal learning, student and researcher mobility, but also young people’s entry to the 
labour market [4] 

- the Innovation Union, to support the production of innovative products and services, in 
particular concerning climate change, energy efficiency, health and the ageing population [5] 

- the industrial policy for the globalisation era initiative, to help businesses to overcome the 
economic crisis, integrate into world trade and adopt more environmentally-friendly 
production methods [6] 

- the agenda for new skills and jobs, to improve employment and the sustainability of social 
models. The aim is to encourage the strategies of flexicurity, worker and student training, but 
also gender equality and the employment of older workers [7] 

- the Resource-efficient Europe initiative, to support the sustainable management of resources 
and the reduction of carbon emissions, while maintaining the competitiveness of the European 
economy and its energy security [8] 

- the Partnering in Research and Innovation initiative, use existing public and private resources 
for research and innovation (R&I) in a smart way to optimise the contribution of public and 
private players in achieving sustainable growth. [9] 
Another Flagship Initiative, who complements other Europe 2020 Flagship Initiatives, is 

Innovation for a sustainable Future - The Eco-innovation Action Plan (EcoAP). The Eco-
innovation Action Plan includes targeted actions both on the demand and supply side, on research and 
industry and on policy and financial instruments. The implementation of the actions will be supported 
by the partnering approach between stakeholders, private and public sector, and the European 
Commission. 

The Commission will foster key drivers for the market uptake of eco-innovation by: 
- using environmental policy and legislation as a driver to promote eco-innovation (Action 1) 
- supporting demonstration projects and partnering to bring promising, smart and ambitious 
operational technologies to the market that have been suffering from low uptake (Action 2) 
- developing new standards boosting eco-innovation (Action 3) 
- mobilising financial instruments and support services for SMEs (Action 4) 
- promoting international cooperation (Action 5) 
- supporting the development of emerging skills and jobs and related training programmes to match 
the labour market needs (Action 6) 
- promoting eco-innovation through the European Innovation Partnerships foreseen under the 
Innovation Union (Action 7). [10] 
 
 5. ECO-INNOVATION INDEX 
 

The European Commission's statistical service Eurostat has published the first-ever resource 
efficiency scoreboard, comparing European countries using a set of 30 indicators covering natural 
resource consumption. Among the indicators is the eco-innovation index / scoreboard from the Eco-
innovation Observatory. This shows that in 2012, the EU eco-innovation leaders were Finland, 
Denmark and Sweden, while those with most scope to catch up were Lithuania, Poland and Slovakia. 
[11] 

The Eco-Innovation Scoreboard is the first tool to assess and illustrate eco-innovation 
performance across the EU Member States. The 2012 version of the Eco-Innovation Scoreboard 
consists of 16 indicators from eight different data sources, grouped into five thematic areas: 

1. Eco-innovation inputs 
1.1. Governments environmental and energy R&D appropriations and outlays (% of GDP) – 

EUROSTAT, 2010 
1.2. Total R&D personnel and researchers (% of total employment) – EUROSTAT, 2009 
1.3. Total value of green early stage investments – Cleantech, 2007-2009 

2.  Eco-innovation activities 
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2.1. Firms having implemented innovation activities aiming at a reduction of material input 
per unit output (% of total firms) – EUROSTAT, 2008 

2.2. Firms having implemented innovation activities aiming at a reduction of energy input per 
unit output (% of total firms) – EUROSTAT, 2008 

2.3. ISO 14001 registered organizations (per min population) – ISO Survey of Certifications, 
2010 

3. Eco-innovation outputs 
3.1. Eco-innovation related patents (per min population) – Patstat, 2008 
3.2. Eco-innovation related academic publications (per min population) – Scopus, 2011 
3.3. Eco-innovation related media coverage publications (per min population) – Metwater, 

2011 
4. Environmental outcomes 

4.1. Material productivity (GDP/Domestic Material Consumption) – EUROSTAT, 2009 
4.2. Water productivity (GDP/Water Footprint) – Water Footprint Network, 1996-2005 
4.3. Energy productivity (GDP/gross inland energy consumption) – EUROSTAT, 2010 
4.4. GHG emissions intensity (CO2e/GDP) – EUROSTAT, 2010 

5. socio-economic outcomes 
5.1. Exports of products from eco-industries (% of total exports) – EUEOSTAT, 2011 
5.2. Employment in eco-industries (% of total workforce) – Ecorys, 2008 
5.3. Turnover in eco-industries – Ecorys, 2008 
It thereby shows how well individual Member States perform in different dimensions of eco-

innovation compared to the EU average and presents their strengths and weaknesses. The Eco-
Innovation Scoreboard complements other measurement approaches of innovativeness of EU countries 
and aims to promote a holistic view on economic, environmental and social performance. [12] 
 

Table 1:  European eco-innovation index 2010 – 2012 [12] 
 2010 2011 2012 

EU (28 countries) - - - 
EU (27 countries) 100 100 100 

Belgium 114.2 115.22 117.59 
Bulgaria 57.69 66.57 79.61 

Czech Republic 73.2 91.46 90.46 
Denmark 154.92 138.31 136.21 
Germany 138.57 122.88 120 
Estonia 55.99 73.86 77.58 
Ireland 101.45 118.22 112.85 
Greece 54.76 59.32 67.39 
Spain 100.74 128.39 118.15 
France 96.3 99.41 96.13 
Croatia - - - 

Italy 97.98 90.18 91.71 
Cyprus 63.72 71.31 73.91 
Latvia 59.76 77.31 70.69 

Lithuania 45.17 52.47 52.78 
Luxembourg 93.68 129.93 108.26 

Hungary 69.64 82.57 73.3 
Malta 65.77 81.5 72.13 

Netherlands 110.42 108.67 111.23 
Austria 130.97 125.29 111.6 
Poland 53.58 50.39 54.39 

Portugal 71.57 81.35 83.56 
Romania 51.68 67 78.15 
Slovenia 74.51 108.97 114.56 
Slovakia 48.15 51.93 54.43 
Finland 156.45 148.6 149.77 
Sweden 128.17 141.73 133.59 

United Kingdom 102.68 104.93 100.88 
Iceland - - - 
Norway - - - 

Switzerland - - - 
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 6. ECO-INNOVATION IN TEXTILES AND LEATHERWORK 
 

Like in all fields, in textiles and leatherwork field, appeared, also, in the last years, a lot of 
new expressions and concerns, such as eco textiles, green textiles, eco fashion, eco-friendly fashion, 
ecollection, sustainable style. There are a lot of tools available that measure environmental damage 
and help manufacturers and brands become more sustainable. On WebEcoist: a Global Resource, one 
of the most popular green websites in the world, in an articol, Eco Fabric: 14 Strange and Amazing 
Textile Innovations, are presented some of environmentally friendly fabrics which are already in use, 
like those made of coconut husks, recycled plastic bottles, wood pulp and corn, while others are 
strange and futuristic, sourced from hagfish slime, fermented wine, spoiled milk and genetically 
engineered bacteria. [13] In early 2010, several leading companies producing clothing and footwear in 
North America, Europe and Asia, along with NGOs and the Environmental Protection Agency in the 
United States have established a new entity, called Sustainable Apparel Coalition, which aims to 
reduce environmental and social impacts of apparel and footwear products, establishing an index to 
measure and evaluate sustainability of clothing and footwear products. The Higg Index is a tool to 
help organizations standardize how they measure and evaluate environmental performance of apparel 
products across the supply chain at the brand, product, and facility levels. In May 2013 the index 
covering 150 products from 63 companies. [14] 

Greenovate! Europe, an independent expert group dedicated to the development of sustainable 
business, performed a study, “Eco-innovation in cluster organisations in the chemical and textile- 
clothing-leather sectors” which lead them to the following conclusions: eco-innovation activities are 
just starting and focus strongly on understanding the issues at stake, providing knowledge and 
promoting existing eco-technologies; the textiles-clothing-leather cluster organisations were interested 
in the use of eco-innovation to raise their competitiveness and to improve their image. [15] 

To the level of European Union, through the Eco-Innovation Programme, since the launch of 
the programme in 2008, from almost 200 projects, involving more than 650 organisations, 10 projects 
are in textiles and leatherwork field. [16] 

Clothing project to explore the circular economy for textiles 
EcoProFabrics will show that the old linear model in textiles, where garments are thrown 

away after use, can be replaced by a circular economic model, where used textiles are shredded into 
loose fibres then converted into new textiles without any loss in quality. According to Dutch 
aWEARness's calculations, compared to standard non-recycled textiles, Returnity can offer energy, 
water and carbon dioxide savings of 64%, 95% and 73% respectively. It cuts raw materials demand by 
61% and, because it is fully recyclable, waste is eliminated entirely. The fabric should also compete on 
price with standard fabrics, and might even become cheaper if production volumes increase, because 
the cost of waste recovery will be outweighed by savings in raw material costs. [17] 

Recycled footwear products enter the market 
 The main objective of the project was to analyse if marketable products (from old footwear 
collected in El Naturalista branded stores) could be produced from waste polymeric material, thus 
diverting waste from landfill, and reducing the need for production of new polymers. More than 
12,000 pairs of shoes with recycled insoles have been sold. [18] 

Ecofriendly Leather Tanned with Titanium - TiLEATHER 
The main project objective was to introduce into the European market leather produced using 

environmentally friendly titanium-tanning techniques, which has been registered by INCUSA as 
SANOTAN® leather, shoes that are comfortable for the wearer and the planet. Through this novel 
process, chromium salts are replaced. The main environmental improvements achieved over the two 
years of the project are the reduction of the use of chromium compounds amounting to 25.5 tonnes; 
reduction of CO2 emissions by 35 tonnes, and the elimination of chromium contamination in 
wastewater. [19] 
 
  7. CONCLUSIONS 
 

States and governments of the world, different institutions and organizations actively involved 
and aware in public policies, strategies and actions, reaffirm their commitments and reassess actions in 
order to achieve a truly sustainable development. 
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A sustainable future can only be built decreasing waste of natural resources and energy, 
producing and consuming moderate and responsible. Today's consumers, better informed and 
becoming more interested in the quality of their lives and their children’s, have become sensitive to 
environmental issues and diminishing resources, demanding, increasingly more bio or eco products. 

In these conditions eco-innovation is not just a trendy concept but a reality and a necessity 
nowadays, a way to achieve a sustainable future for ourselves and future generations. 
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Abstract: There are many ways in which businesses can growth. Aim of this article is to make the business 
owner aware of the scope of the franchise and business opportunity law and how they may affect growth strategy 
tried to be employed by the business owner. For this purpose we present a list of advantages and disadvantages 
of franchising for the franchisee and for the franchisor and examined the status and trends of the Romanian 
market franchise, especially in clothing, which are available for prospective franchisees in Romania. We find out 
that although it is increasing its level of development is much lower than in EU, (according to Romanian 
Franchise Association in Romania are slightly over 400 franchises, with various business fields, while in the 
Europe there are about 10,000 franchise networks). Reasons for slower development of the textile franchise 
business in Romania can be found in the effects of economic crisis on the Romanian economy, which shifted the 
structure the consumer spending of the people of Romania, expenditures for clothing and footwear have 
decreased and have reached at 5.3% of total household expenditure. In these conditions, the clothing franchises 
who had suffered most in Romania were those whose offer to address at high-income consumers (Escada, Esprit, 
Etam) and medium (Debenhams, Gap). Less affected were franchises for which targets are low-income 
consumers and who besides the low price of products offers a wide range of products and models with a very 
short life cycle (fast fashion). The information for this paper was gathered from literature, from the analysis 
financial indicators of the different companies and by Internet. 
 
Key words: economic, development, franchisor, franchisees, brands     
 
 
 

1. FRANCHISING AS GROWTH STRATEGY   
 

 Franchising is being used as development and growth strategy in numerous contexts across the 
globe, ranging from its use as market entry to an expansion mode and a strategy to secure competitive 
advantage. [1] In the last decades, strategy of franchising has played a vital role in small and medium 
business development and has become an important growth option, so for many companies, 
franchising is a means of expanding business and for individual entrepreneurs, is a method of opening 
a business. Franchising is the fastest way to guarantee that entrepreneurs adhere to the high standards 
required for successful business management.    
 Because of the economic importance franchising has captured the attention of a wide range of 
researchers. From the perspective of entrepreneurship, franchising is a vehicle for entering business 
ownership [2], from the perspective of marketing, franchising is an important distribution channel [3], 
from the perspective of economics, franchising is a leading venue for understanding the structure of 
contracts [4] and from the perspective of strategic management, franchising is an important 
organizational form. [5] 
 Franchising is a business relationship in which the franchisor (the owner of the business 
providing the product or service) assigns to independent people (the franchisees) the right to market 
and distribute the franchisor's goods or service, and to use the business name for a fixed period of 
time. The International Franchise Association defines franchising as a "continuing relationship in 
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which the franchisor provides a licensed privilege to do business, plus assistance in organizing 
training, merchandising and management in return for a consideration from the franchisee". 
 
  2. ADVANTAGES AND DISADVANTAGES OF FRANCHISING FOR THE 
FRANCHISEE AND FOR THE FRANCHISOR 
 
 Franchise system is designed to work well for both the franchisor and the franchisee. 
Franchise agreement is a formal relationship between the franchisor and franchisee to work together to 
build mutually beneficial business operations. 
 The "commercial marriage" between franchisor and franchisee is ultimately a legal 
relationship, with the full obligations and responsibilities of both parties outlined in a highly detailed 
franchise agreement. This commercial contract varies in length and conditions from one system to the 
next, such that it would be almost impossible for any two franchise systems to have identical 
agreements. [6] 
 By nature of the relationship, the franchise agreement will be imbalanced in favor of the 
franchisor, as the franchisor must at all times remain in control over certain standards critical to the 
ongoing success of the business format. 
 Nevertheless the development of this system is due to the numerous business benefits not only 
for the franchisor but also for the franchisee. Franchising is an entrepreneurial activity that plays a 
crucial role in the creation of new jobs and economic development. [7] According to Bond & Bond 
franchisees have a 77% chance of survival after five years of operation compared with 8% for new 
independent business ventures. [8] 
 Also, Franchising is an important part of the economy and a central phenomenon in 
entrepreneurship. Michael S.C. recommend franchising as a method that entrepreneurs can use to 
assemble resources to create large chains rapidly, especially for entrepreneurs who can create big 
franchise chains. [9] In return, the franchisee pays an up-front fee and ongoing royalties to the chain 
operator. [10] The franchisee obtains from the chain operator the right to market goods or services 
under its brand name and to use its business practices. [11] From this collaboration creates economic 
value.  
 Menekse and Orkide Salar used the SWOT analysis to identify the advantages, disadvantages, 
threats and opportunities of franchising. [12] This is shown in table 1 below: 
 

Table 1:  SWOT analysis of franchising 
Strengths Weaknesses 

 Brand Recognition  
 Lower Risks for Failure  
 Easy Setup  
 Ready Customer Portfolio  
 Easy to Find Financial Support 

 High Cost  
- Initial Cost  
- Ongoing Costs  

 Dependency  
 Strict Rules  

Oportunities Threats 
 Entrepreneurs have chance to become 

their own boss 
 It offers some market opportunities like  

discovery and exploitation  

 Continuing growth of existing franchised competitors  
 Other new franchise competitors entering market place  
 The decline of branding in market  
 The publication of New Business Models 

 
 According to The International Franchise Association (IFA) franchise businesses are 
important to the overall economy, generation in USA more than $800 billion in annual sales, 
representing 40.9% of all retail and franchised businesses create more than 170,000 new jobs each 
year. Today more than 8 Million people are employed by franchise businesses. Total franchise sales 
over 1 Trillion.  
 Growth franchises is indicated also by the data published by IFA that looks like 1 in 12 
business establishments is a franchise, a new franchise opens every 8 minutes of every business day 
and there are approximately 1500 Franchisors and 550,000 Franchisees. 
  
  3. STATUS OF THE FRANCHISING SYSTEM IN ROMANIA 
 

Franchising has grown rapidly in Europe in recent years, but the industry is largely 
unregulated. The European Union has not adopted a uniform franchise disclosure policy. Only six 
European countries including Romania, have adopted pre-sale disclosure obligations. They are France 
(1989), Spain (1996), Romania (1998), Italy (2004), Belgium (2005) and Sweden. In addition there are 
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a number of countries that have general "good faith" type laws that can give rise to franchise 
disclosure obligations ("Good Faith Laws"). These countries are Germany, Austria, Portugal and 
Lithuania. [13]   

In Romania, the franchising is regulated by Law no. 79 April 1998. Regarding the Legal 
Status of Franchise under the Romanian law, a franchise is defined as a marketing system where the 
franchisor grants to the franchisee the right to operate or develop a business, product, technology or 
service. In addition to requiring minimum provisions of the franchise agreement and regulating the 
post-sale franchisor-franchisee relationship, the Romanian act requires certain pre-sale disclosures. 
Among these disclosures are: 

a) the financial terms of the proposed franchise agreement, including royalties to be paid and 
purchases the franchisee is obligated to make, 

b) a description of franchisor's gained and transferable experience, 
c) the franchisee's area of granted exclusivity, 
d) the duration of the agreement, and 
e) the terms of the agreement governing renewal, termination and assignment. 
There is no requirement under Romanian law for the registration or filing of franchises with 

the government.  
The first classic franchise appeared on Romania market is "McDonald's" which opened a unit 

franchise in 1995. Among the earliest companies that have entered the market in Romania in the 
franchise are Pepsi and Coca-Cola. 

Because business expansion in the franchise system in Romania and to enforce standards of a 
favourable business environment as franchising, in early 2006, was established Romanian Franchise 
Association, a non-governmental, apolitical and non-lucrative. One of the goals of this organization is 
to identify and resolve specific problems of franchise, to promote franchise as a way business in the 
Romanian market and initiating action against illegal franchises, to combat counterfeiting and theft of 
know how. 

According to Romanian Franchise Association in Romania are more than 438 franchises, with 
various business fields. Across Europe there are about 10,000 franchise networks, 4,000 in China, 
2,200 in USA, 1200 in Japan and 1000 in Australia. Analysis of the 2633 franchise units active in 
Romania in mid 2012 highlighted the areas most popular franchises: 

 
Table 2:  Fields of activity with most franchises 

Field of activity Percentage of total units  
Personal services  30.54% 
Retail  28.29% 
Fast food  25.07% 
Services companies  6.57% 
Interior Arrangements  2.66% 
Clothing and Accessories  2.47% 
Food  1.63% 
Real Estate  1.06% 
Construction  0.65% 
Restaurants & Coffee shops  0.65% 
Hotels  0.42% 

 
In the field of clothing and accessories, there are over 100 companies that have opened 

franchises in Romania, companies dealing with the production and sale of clothing and accessories or 
just dealing with marketing of these products (which are predominant). These companies cover all 
segments of the fashion & beauty area: collections of classic, elegant and casual collections of 
underwear, sports outfits and various complementary accessories to eyewear, watches, perfumes and 
cosmetics for men, women and children. 

A study by ThinkBig Franchise Consultants and supplement "Money & Business" revealed 
the most expensive luxury retail clothing franchise foreign presence in Romania. The top ranking 
franchise is Max Mara, a luxury brand in Italy, known for its haute couture. Landscaping costs are the 
1000-1500 euro/sqm, plus the cost of the stock plus the costs of launching and others. Ranked II 
Escada is a brand of luxury clothing for women. Rankings continue with Zara, part of Inditex, one of 
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the largest retail groups in the clothing industry in the world. Zara products follow the newest trend in 
the fashion industry, its stores were opened in major shopping centers in Europe, America and Asia. 
Besides these firms is also found Hugo Boss, Marks & Spencer, United Colors of Benetton, Mexx, 
Morgan etc. 

Is noteworthy that in this top are present companies which represents different segments of 
customers: from out couture and high fashion (Max Mara, Escada) that targets are high-income 
customers at fast fashion addressed to middle-income customers (Hugo Boss, Mexx) and small (M & 
S, Zara, Benetton). 

On the Romanian market, besides these international brands can be found Romanian 
companies who make franchising business - Jolidon, MEXTON, ID Sarrieri, Tina R, etc. 

The first Romanian company which is selling international franchise is Jolidon - since 2008. 
Currently it has its own network of 87 stores in Romania and distribution in over 60. [14] The 
company has opened 10 stores abroad in Budapest, 33 stores in Italy and 10 in France. Besides these 
shops Jolidon lingerie distribute articles in the United States, Canada, Africa and Japan. Cost of 
opening such a store are between 60,000 and 90,000 Euro. [15] 

Mexton is a Romanian brand of casual and elegant clothes, founded in 1997. Currently has a 
network of over 45 stores in many cities: Bucharest, Pitesti, Ramnicu Valcea, Sibiu, Deva, Arad, 
Timisoara, Oradea, Targu Jiu, Targu Mures, Iasi, Craiova, Braila, Galati, Brasov, Cluj Napoca. The 
costs of a Mexton franchise is: franchises fee - 5000 Euro and 3% royalty, total investment is 30,000 
Euro. [16] 

I.D. Sarrieri was launched in 1992, as a company producing indoor clothing (homewear and 
nightwear) and since 2002 is one of the most popular brands of luxury underwear market. Created by 
Iulia Dobrin and his team, with over 500 employees, this firm manufacture underwear. Collection I.D. 
SARRIERI are now sold in the finest lingerie boutiques around the world, from Paris to New York 
from London to Tokyo, from Brussels to Shanghai. 

TINA R brand, was founded in 1994, became one of the leading brands on the Romanian 
market pret-a-porter. This brand, Tina R, is well known by most girls in Romania and includes the 
area of clothing (jackets, trousers, skirts, blouses, shirts) and all the accessories genres (bags, shoes, 
scarves, gloves, hats). The first franchise Tina R was selled in 2006. Opening a franchised store TinaR 
requires an initial investment of 100,000 euros, the franchise fee is 0. 

Theory says that amongst the best Businesses in during crisis are franchises and distribution.  
An example in this sense is the Mexton company, who despite all the difficulties succeeds in 

the last years to increase considerably turnover and profit obtained, especially in the last year 
analysed. 

 

 
Fig. 1: Evolution of turnover and gross profit at MEXTON IMPEX SRL [17] 

 
Reality highlights that not in all cases are recorded sustained success theory. For example 

companies Debenhams, Gap, Esprit, Etam, Celio, Mandarina Duck, Kipling, Olsen and Bally are some 
of the fashion brands that have permanently left Romania. [18, 19, 20] 

Not only international companies have registered losses in this period of crisis but among 
Romanian companies. For example is entering in insolvency of the company Tina R Distribution, one 
of the companies in the group clothing retailer Tina R. 
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Reasons for slower development of the textile franchise business in Romania can be found in 
the effects of economic crisis on the Romanian economy in general, with its implications: reducing 
consumer purchasing power through the salary cuts that took place in the budgetary system, reduction 
or cancellation of various premiums or salary bonuses (spore of PhD, the XIII salary, various bonuses 
during granted the Easter holidays and Cristmas holidays or other events), closure of many companies 
and therefore job losses for those employed in them.  

All this have determined modification of consumption expenditures of the population in 
Romania. Main uses of the household expenditures in the second quarter of 2013, are the consumption 
of food, non-food, services and the public administration and the private and social insurance budgets 
in the form of taxes, contributions, fees, and expenses necessary household production. The expenses 
for clothing and footwear representing only 5.3% of the total. [21] 

Another factor that determined the market exit of these brands has been developing extremely 
aggressive in recent years some brands extremely competitive as Zara, Massimo Dutti, Pull and Bear, 
Stradivarius, Bershka, H&M, which by offering very diverse and the prices charged were able to 
conquer larger market share at the expense of clothing products companies mentioned above.  

In these conditions, the clothing franchises who had suffered most in Romania were those 
whose offer to address at high-income consumers (Escada, Esprit, Etam) and medium (Debenhams, 
Gap). Less affected were franchises for which targets are low-income consumers and who besides the 
low price of products offers a wide range of products and models with a very short life cycle (fast 
fashion). Besides these, an important contribution in maintaining these companies on the  Romanian 
market have had the discounts awarded to loyal customers and the significant price discounts (up to 
90%) when were changed the collections - these measures have contributed to increasing sales in the 
periods of their application. 

 
  4. CONCLUZION 
 

The theory that the best Businesses in the time of crisis are franchises and distribution is not 
check completely. Reality has shown that it is not enough to have and promote a well known brand for 
to succeed on all markets. 

Reasons for slower development of the textile franchise business in Romania can be found in 
the effects of economic crisis on the Romanian economy in general, with its implications: reducing 
consumer purchasing power through the salary cuts that took place in the budgetary system, reduction 
or cancellation of various premiums or salary bonuses, closure of many companies and therefore job 
losses for those employed in them. All this have determined modification of consumption expenditures 
of the population in Romania, spending on clothing and footwear decreas and reaching only at 5.3% of 
total household spending, with direct effects on trade with textile products. 
 In these conditions, the clothing franchises who had suffered most in Romania were those 
whose offer to address at high-income consumers (Escada, Esprit, Etam) and medium (Debenhams, 
Gap). Less affected were franchises for which targets are low-income consumers and who besides the 
low price of products offers a wide range of products and models with a very short life cycle (fast 
fashion). Besides these, an important contribution in maintaining these companies on the  Romanian 
market have had the discounts awarded to loyal customers and the significant price discounts (up to 
90%) when were changed the collections - these measures have contributed to increasing sales in the 
periods of their application. 

 
REFERENCES   

  
[1] Khan, Muhammad Rahatullah. “The Franchisee Perception of Achieving Success in 

Entrepreneurial Businesses”, Entrepreneurship Research Journal, 3.4, 2013, pp. 505-525. 
[2] Shane, S. A., & Hoy, F. Franchising, “A gateway to cooperative entrepreneurship”, 

Journal of Business Venturing, 11, 1996, pp. 325–327. 
[3] Kaufmann, P. J., & Rangan, V. K., “A model for managing system conflict during 

franchise expansion”, Journal of Retailing, 66, 1990, pp. 155–173. 
[4] Lafontaine, F., “Agency theory and franchising: Some empirical results”, RAND Journal 

of Economics, 23, 1992, pp. 263–283. 



 188

[5] Combs, J. G., & Ketchen, D. J.,”Can capital scarcity help agency theory explain 
franchising? A test of the capital scarcity hypothesis”, Academy of Management Journal, 42, 1999, 
pp. 196–207. 

[6] Fagboun Lawrence Ige, “Business Pursuit Through Franchising In Nigeria”, Journal of 
Science and Science Education, Ondo Vol. 4(1), 25 December, 2013, pp. 17 –27. 

[7] Falbe et al; Falbe, C., Dandrifge, T. and Kumar, A.,”The Effect of Organizational Context 
on Entrepreneurial Strategies in Franchising”, Journal of Business Venturing, 14, 1988, pp. 125–140.  

[8] Bond, R. E., & Bond, J. M. “The source book of franchise opportunities”, Business One 
Irwin Professional Publishing, Homewood, IL, 1994. 

[9] Michael, S. C., “First Mover Advantage Through Franchising”, Journal of Business 
Venturing, 2003. 

[10] Combs et al; Combs, J., Michale, G. and Castrogiovani, G., Franchising, “A review and 
Avenues to Greater Theoretical Diversity”, Journal of Management, Volume 30, 2004, pp. 907-931.  

[11] Barthélemy, J. “Agency and Institutional Influences on Franchising Decisions”, Journal 
of Business Venturing, 2011. 

[12] Menekse Salar, Orkide Salar, “Determining pros and cons of franchising by using swot 
analysis”, Procedia - Social and Behavioral Sciences, 122, 2014, pp. 515 – 519. 

[13] *** Franchise disclosure items in Europe, 2009, Field Fisher Waterhouse LLP, London 
EC3N 2AA, available on http://www.ffw.com/pdf/Franchise-disclosure-in-Europe.pdf 

[14] http://www.jolidon.ro/companie/cifre-cheie/ accesed in 10.03.2014 
[15] *** Cat costa o francize Jolidon, [Online]. Available: http://www.wall-

street.ro/articol/Start-Up/39983/Cat-costa-o-franciza-Jolidon.html #ixzz 2xFEpMTcz 
[16] *** Franciza Mexton, [Online]. Available: http://franciza.ro/Franciza_Mexton-845-

ad.ashx 
[17] http://www.mfinante.ro/infocodfiscal.html, accesed in 14.03.2014 

[18] *** Se închid definitiv magazinele de haine din România ale unei cunoscute francize, 
[Online]. Available: http://www.b365.ro/se-inchid-definitiv-magazinele-de-haine-din-romania-ale-
unei-cunoscute-francize_189002.html#sthash.zHtf2npG.dpuf 

[19] *** Gap, al treilea cel mai mare retailer de modă din lume, a plecat din România, 
[Online]. Available: http://www.zf.ro/zf-news/gap-al-treilea-cel-mai-mare-retailer-de-moda-din-lume-
a-plecat -din-romania-12244062 

[20] *** Ce branduri de modă au părăsit definitiv Romania, [Online]. Available: 
http://www.businessmagazin.ro/analize/comert/ce-branduri-de-moda-au-parasit-definitiv-romania-
9169513/?p=2 

[21] *** Veniturile şi cheltuielile gospodăriilor populaţiei în trimestrul II 2013,          
Comunicat de presă, Nr. 243 din 07 octombrie 2013, [Online]. Available:  
http://www.insse.ro/cms/files/statistici/comunicate/abf/ABF_II_r13.pdf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ANNALS OF THE UNIVERSITY OF ORADEA 
FASCICLE OF TEXTILES, LEATHERWORK 

 

 189

 
 
 

CHARACTERISTICS BRANDING & BRAND MANAGEMENT IN THE 
FASHION INDUSTRY  

 
 

UROŠEVIĆ Snežana1
,
 ZAVRŠNIK Bruno2 

 
1 University of Belgrade, Technical Faculty in Bor, Management Department, Vojske Jugoslavije 12, Bor, 

Serbia, E-mail: surosevic@tf.bor.ac.rs 
 

2 University of Maribor, Faculty of Economics and Business, Slovenia, E-mail: bruno.zavrsnik@uni-mb.si 
 

Corresponding author: Snezana Urosevic, E-mail: surosevic@tf.bor.ac.rs 
 
Abstract: Brand allows for market offer to be identified and differentiated from the competitive offers. The very 
essence of brand is based not only on potential sales figures, but on the philosophy that makes it posssible for a 
customer to identify with the brand. Faced with the plenty of market offers customers undoubtedly prefer well-
known companies and brands, thus minimizing risk and time consuming activities of gaining futher knowledge 
concerning alternative offers. The consumers often wonder whether the branded goods are more worth from the 
other, similar goods without any famous trademarks. There are many questions and theories but only one is 
undeniable: one should never doubt the companies that invest great amount of assets, ideas, talents, love and 
risk, intend to risk previously stated items with bad design, services or products’ quality. Brand building in 
textile industry differs from branding of market offers targeting general public. Branding in textile industry 
requires more focused approach. Fashion companies are facing with bigger challenges when fighting to attract 
and keep new consumers who are offered new products and markets. In order to create strong brand, it is 
necessary to possess expert planning and long-term capital investment. Successful brand is actually an excellent 
product or service, with creatively designed and conducted marketing. Branding has become marketing’s 
priority, because successful brands achieve higher prices and gain over loyalty, and attract both consumers and 
financiers. Marketing agents of the successful 21st century brands must be extremely efficient in strategic brand 
management, which assumes implementation of marketing activities and programmes in order to build brands, 
as well as brand management to increase its value. Brands and its value must be regarded and recognised as 
strategic capital.  
 
Key words:  brand, brand management, branding, fashion industry, marketing strategy 
 
 

1. INTRODUCTION  
 
 The fashion phenomenon has always captured people’s attention, but this issue has never been 
as tangible as in the time we are living. Fashion industry pervades all aspects of the human society and 
illustrates the time we are living in the best way. Domestic fashion industry producers want to win 
even stronger position on domestic and international fashion market by introducing some new images. 
Domestic companies have decided to build the image of a market-oriented fashion company. The 
business strategy implies continuous investment in the development of trade marks – brands. From the 
consumers’ point of view, there no such thing as just a product. A product does not come alone, but it 
takes, with the help of marketing strategies and techniques, the image or status. The consumer expects 
to identify or locate a product according to type, name or label. Fashion companies are facing with the 
growing challenges how to attract and retain new consumers when new products and markets are 
concerned. This paper is designed in a way it point out the importance of a brand management and it 
appliance in the fashion industry.  
 Fashion companies are facing with bigger challenges when fighting to attract and keep new 
consumers who are offered new products and markets. In order to create strong brand, it is necessary 
to possess expert planning and long-term capital investment. Successful brand is actually an excellent 
product or service, with creatively designed and conducted marketing. Branding has become 
marketing’s priority, because successful brands achieve higher prices and gain over loyalty, and attract 
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both consumers and financiers. Marketing agents of the successful 21st century brands must be 
extremely efficient in strategic brand management, which assumes implementation of marketing 
activities and programmes in order to build brands, as well as brand management to increase its value. 
Brands and its value must be regarded and recognised as strategic capital. It is important to adjust 
brand and business strategy, and this can be performed successfully if brand is carefully monitored and 
improved by company’s top leadership and if employees are in good connection with the organisation 
and its brands. In order to make a consumer loyal to a fashion industry product – brand, the consumer 
must purchase the product sufficiently and there must be cognitional obligation to do that. A brand 
must have sufficient meaning for the consumer, which means, he buys not only complacency or 
propitiatory but also what brand represents, that is, important benefits for the consumer (in contrast to 
mass-consumption products). Being loyal to a brand represents consumers’ inner commitment to 
repeat purchase of certain brands. Even though people from marketing sector attempt to make 
consumers loyal to a brand, they must be interested for usage rate of some products on different 
markets and in different consumers. 

 
2. THE TERM BRAND AND ITS IMPORTANCE IN CREATING 

COMPETITIVE ADVANTAGE 
 

 The word brand became synonym for something good at the end of 20th century. The simplest 
definition of a brand is an expression that products and services of high quality are called, and 
according to wider definition, concept of a brand becomes synonym of the highest universal value due 
to globalisation and fast society development. The word brand was used daily, and some brands have 
become more powerful than some world’s countries, because a good brand brought big income. To 
create a good brand and manage it during its lifetime is not a process conducted over night but it takes 
years, decades and sometimes, even centuries.  
 One of many brand’s definitions is it is beloved trademark. When will you fall in love a 
person, or something, or anything? Answer to the question is only when his/hers personal 
characteristics suit you entirely.  
 If the brand’s essence is more about the consumers than the product or service itself, it is clear 
that the brand formation should be based on the brand’s function perceived by the consumers rather 
than on what does the brand represent for the company [1], [2]. 
 There are many suggested brand models, but one thing that they have in common is that the 
brand is based on three components – functional component, comparative component and emotional 
component [3]. When analysing the components, it is necessary to answer the questions: 

1. What does the brand do for the consumers? (functional component) 
2. What makes the brand different form the competition’s brand? (comparative component) 
3. What feelings does the brand evoke in the consumers? (emotional component). 

 Brand can be defined as a promise given to the consumers, composed out of group of relevant 
products’ features, that their needs would be satisfied when buying the products [4]. Very illustrative 
explanation says that most top managers does not see symbols, brands and names simply as icing, but 
as yeast that contributes to the cake’s growth [5]. Table 1 resumes some of the key brands’ 
advantages.  

Table 1:  Brand advantages [6] 

 Helps consumers to identify supporting brand 
 Speeds up the purchase process 
 Provides status and psycho-social identification 
 Helps in quality and product price evaluation 
 Shrinks the purchase risk 
 Alleviates anew purchase 
 Enables wider acceptance of new products within the same brand 
 Causes consumers’ loyalty 

 
 It can be said that the brand’s development is in range from recognition to complete loyalty. It 
can be presented graphically as in Figure 1. 
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Fig. 1:  Brand’s development – from recognition to insisting [6] 

 
 Value of a brand is usually called brand’s equality. The other way to view brand’s equality is 
to consider marketing and financial values connected with brand’s position on market. Brand’s 
equality is usually connected with awareness of brand’s name, loyalty and quality. Even though it is 
difficult to measure brand’s equality, it can be said it represents brand’s value for an organisation [6]. 
 The brand has important influence in creating competitive advantage of a company on market 
and in environment which are becoming more demanding and more turbulent. It can be said with 
certainty that the brand is more than just a product and more than just a service and it is of priceless 
value to both consumers and the company which owns it. From the consumers’ point of view, the 
brand eases choosing the market and making decisions on purchase, guarantees performances of a 
certain level, gives information, security and recognition of a service. Brand is important for a 
company because it contributes to the competitive advantage on the market, management of the 
intellectual capital, quality and the value of the company. That is why the creating and development of 
a brand represents one of the greatest challenges for every company. According to Кotler, brand 
provides numerous competitive advantages: 

 The company has advantage in decreasing the marketing expenses due to awareness and 
loyalty of a brand’s consumer, 

 The company has greater opportunity to choose when negotiating with the distributors and 
dealers, 

 The company can increase the price unlike the competition,  
 The company can easily expand the brand because the brand’s name offers high authenticity, 
 The brand defends the company against the price competition [7]. 

  On the fashion market suvived only organizations with the capability of continuons and  rapid 
adjustment to modern conditions. Today, the customer expects exceptional quality apparel producs, 
modern design, while being willing to pay a price that is more than elements of competition in the 
market constantly fashion industry. 
 The brand and its strategy have become one of the important sources of the fashion industry 
competition, and immediate benefits from it are: 

 Standing out from the competition, 
 Increasing the product’s value with the consumers, 
 Better and faster launching of new fashion products.  

 The brand’s success, as one of the basic features of a fashion product, depends upon the 
feelings and opinions of the competition’s consumers. Due to great changes in fashion trends, the 
development of a trade mark exists in all parts of the textile-clothing chain.  
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The existence of a trade mark has several advantages: 
 Greater profit, 
 Ability to plan the offer, 
 Creating the image of a production-business system, 
 Better correlation between the production and sale, 
 Greater level of information and identification. 

 
3.CHARACTERISTICS BRANDING IN THE FASHION INDUSTRY  

 
 Even though there are some texts about product branding in domestic literature, there were not 
many of them which said anything about effective and efficient brand management. Construction and 
maintenance of a brand is one of the key tasks for marketing manager [8]. Due to great deal of choices 
of products and brands in almost every area, the consumers are now facing with huge number of 
potential suppliers, too huge to be familiar with all of them and thoroughly checked. When the market 
choice becomes bigger, the consumers prefer well-known companies and brands because they do not 
have to waste time on exploring, and they put themselves to lower risk.  
 The main difference between fashion industry market and other mass-consumption products 
markets is in the products and services’ nature and complexity, in demand’s nature and variety, in 
considerably smaller number of consumers, in greater products quantity per consumer and, the last but 
not the least, in closer and long-lasting relations between the producer and consumer. Holistic 
approach to branding is necessary in order to see that everything, from development, design to 
realisation of marketing programmes, processes and activities, is connected and intervened between 
one another [7]. Branding represents more than putting the brand’s name and logo on product or 
service. Brand is intangible concept. In order to simplify and easier understanding, brand is often 
equalised with material elements of marketing communications used as its support – advertising, 
logos, slogans, jingles and so on – but brand is far more than that: ’brand is a promise – total 
perception’ [7].  
 Brand has special place in consumer’s conscience due to previous experiences, associations 
and future expectation. Brand is abbreviation for the attributes, advantages, beliefs and values which 
differentiate, shrink complexity and simplify the decision making process in marketing and 
management. Brand with clear purpose is like a compass with two sides, one directs the consumer 
towards the right products, and the other side directs product designers, people in charge of marketing 
and promotion when the new versions of their products are developed and improved on the market. 
Brand creation enables the company to create benefit, differing one brand from the other. Successful 
brands are those, which create a set of brand values superior in relation to competition brands. Brand 
creation involves good understanding and functional (easy use) and emotional (trust) values that a 
consumer uses when choosing between the brands. Company’s ability to combine them in a unique 
way is necessary to create extended product preferred by the consumers – the real marketing value 
strategy.  
 If a company accepts the brand concept as a promise given to its consumers, it is obvious it 
can exist only if it constantly fulfils the given promise. Of course, the promise given by a brand must 
be clearly defined, relevant and meaningful, and it should not be mixed with excessive marketing 
promises. Consumers are engulfed with imposing offers on many markets. Brands represent 
abbreviation for the attributes, advantages, beliefs and values. They contain almost everything the 
company and its product or service represent. Branding triangle shows visually marketing connections 
between the company as an organisation, its co-workers and its consumers.  
 Brand manager’s monitoring of the efforts invested in branding as a usual short-term business 
within a company is not enough to make those efforts successful. A duty of everyone employed in a 
company, starting from the top management to workers is to build, support and protect strong brands 
within a company. Brands and its value must be understood and recognised as the strategic capital 
(especially in fashion industry), which they actually are, and basis of concurrence advantage and long-
term profitability. The key point is to adjust brand and business strategies, and this can be performed 
successfully if brand is carefully monitored and improved by a company’s top leadership.  
 Strong brands provide the companies faster recovery after the economy crisis. Companies can 
have huge benefit from strong “alive” brand and its implicit promise of the quality since it can impose 
premium price to the consumers, and to provide the highest price of shares to the investors. The 
companies with the good positioned brands benefit because they are clearly focused, therefore more 
effective, efficient and more competitive in the business.  
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 The brand’s development aims to create long-term non-material property, not just short-term 
increase of sale. Industrial branding does not give solutions to all problems which the companies face 
with. Decision whether to brand a product, product line or company is based upon the evidence that 
the brands are more that just a product – it is an abbreviation which comprises feelings of a person 
towards a company or a product. Brand is emotional, it has “personality” strength and it wins hearts 
and minds of its consumers and because of that, the great brands survive the attacks of the 
competition’s and market trend. 
 World’s fashion scene is full of small and big brands, and of those, which keep their positions 
by nourishing quality and tradition, and which plan to spread, extend their business and charm new 
consumers. Introduction of various approaches in fashion, exposing the new ideas and fashion vision 
are always interesting and inspiriting. Many fashion brands will never occur here, but therefore it is 
interesting to get to know them.  
 Both consumers and producers are able to monitor the world’s situation by global sources, and 
seek for the suppliers or consumers that suit the best their specific needs and demands. Relationship 
development process is expensive and quite complex and therefore only the best partners are searched 
for, because the quality demands high quality partners. Regular identification of any inefficiency in 
relation to sales and purchase must be in focus in order to eliminate them. The most efficient channels 
of sales representatives and consumers will survive. Any inefficiency of both soft and hard costs is 
identified and removed form the relation. Companies ready to make strategic but not cosmetic 
changes, in a way that they cooperate with the consumers/suppliers, have the possibility to succeed, 
and efficient application of marketing strategies becomes significant.  
 Brand’s lifetime planning in marketing is based upon the needs, because many companies are 
to blame for brand’s aging. The connection with the experts who know ‘the worst practices’ and know 
how to avoid it is necessary. Brands should not be changed frivolously, but companies should keep the 
ones desired by the consumers – and not by the subjective owners or extremely aggressively brand 
managers. Quitting from the inefficient brands is easier if the managers in charge of the consumers 
segment controlled company’s marketing resources. This type of wide reinvestments is possible only 
if it fundamentally changes the executive team sector. Changes barely perceived at the beginning but 
essential in time, will be seen if those regulations are applied serially. People in a company will 
understand the brands are their ultimate goal, and the company’s ultimate goal is creation and 
nourishment of profitable and long-lasting relations with the consumers.  
 The consumer easily identifies the company of the market brand producer, which makes it 
easier to locate responsibility for possible oversights and deficiency. Brand simplifies and makes 
easier decision making process of a consumer when purchasing. Brand is a symbol of a partnership 
agreement between the dealer and consumer. The consumer shows its loyalty and trust, and brand has 
to guarantee the quality, recognizable performances, consistency, continuity and awareness. Brand 
decreases the time and effort of seeking the desired product and risk of wrong purchase. Brand is of 
huge information importance for the consumers, because it gives information on the desired product 
profile and its basic usage and function features. Brand has huge communicative significance for the 
consumers because it brings with it significant status and associative features. Status and image of a 
brand intersect with the status and image of the consumers but also of the employees.  
 To make a consumer loyal to a fashion product – brand, it is not enough just to buy the brand 
but it is also necessary to create cognition commitment to do so. Brand must be significant enough for 
the consumer, that when buying a brand, the consumer buys comfort and all that the brand represents 
is of great importance for the consumer (unlike the consumer goods). Loyalty towards the brand 
represents inner commitment of a consumer to repeat the purchase of certain brands. Even though 
people from marketing department tend to make the consumers loyal to a brand, they should be 
interested in usage rates of some products on different markets and with different consumers. Brand 
management is the process of planning, organizing, performing and controlling marketing activities 
focused on profiling the brand type and turning its identity into desired image and market reputation as 
well as creating positive goodwill and real property value of a brand. Nowadays branding is more 
methodical and it requires strategic planning, efforts and money to be successful in creating awareness 
and associations within the consumers. Exceptional reputation is mainly the consequence of branding 
process.  



 194

 To make a consumer loyal to a fashion product – brand, it is not enough just to buy the brand 
but it is also necessary to create cognition commitment to do so. Brand must be significant enough for 
the consumer, that when buying a brand, the consumer buys comfort and all that the brand represents 
is of great importance for the consumer (unlike the consumer goods). Loyalty towards the brand 
represents inner commitment of a consumer to repeat the purchase of certain brands. Even though 
people from marketing department tend to make the consumers loyal to a brand, they should be 
interested in usage rates of some products on different markets and with different consumers. Brand 
management is the process of planning, organizing, performing and controlling marketing activities 
focused on profiling the brand type and turning its identity into desired image and market reputation as 
well as creating positive goodwill and real property value of a brand. Nowadays branding is more 
methodical and it requires strategic planning, efforts and money to be successful in creating awareness 
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 There is danger in fashion industry for a brand to become old-fashioned or run by the 
competition. Branding, as a continuous process, which applies more types of developed brands, 
enables to increase the productivity and sale of the branded fashion products. Successfully conducted 
activities of strategic image brand management can significantly influence on creating desired 
corporative image and reputation, conquering new products and retaining the existing markets, 
establishing good relationships with the business partners, consumers’/buyers’ loyalty and easier 
decision making process with the consumer. 
 

4. CONCLUSIONS 
 

  Brand can lead to significant increase of the profit and it can help the companies to become 
really special. Brand should be used as a management tool, because branding can influence the way a 
company shall be led, the way it shall do business, its market position and the direction of its growth 
and development. Strong brand will have useful effect on relations with the interest groups in the 
business. Branding should connect both the entire marketing area and the company’s business process. 
Brand management is an integral and dynamic concept of the marketing guidance and coordination of 
the market expression process, behaviour and recognizable appearance, with the aim to actively 
control market position and to create more favourable competitive and financial effects of the specific 
brand.  

Successful fashion clothing brand in the consumer must inspire positive feelings, must build 
trust, quality, reliability and prestige. Therefore, companies need to design and build a strong brand 
with a clear identity. In the fashion industry, the brand especially important, because the competition is 
high and companies need to attract new customers and retain them. For a successful fashion brand 
requires good understanding of consumers and their purchasing processes. 
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