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DEVELOPMENT AND INVESTIGATION OF NONWOVEN 
WOUND DRESSINGS WITH ANTIMICROBIAL PROPERTIES   

ON THE BASIS OF NATURAL FIBERS 

N.P. Suprun, S.Ya. Brichka and O.I. Litvinova 

Kyiv National University of Technologies & Design, N.-Danchenko str. 2, 01011 Kyiv, Ukraine 
suprun.knutd@mail.ru 

 

 

Abstract: This article presents results of the study of elaborated nonwoven materials for wound dressings 
on the basis of silk and cotton fibers treated at eco-safe processing with water solutions of silver nitrate. 
The study of structure and surface changes in the obtained nanomodified nonwovens has been carried out 
with the use of methods of energy dispersive spectroscopic chemical analysis, TG-DSC spectroscopy and 
infrared spectroscopy.  

Keywords wound dressings, nanosilver, cotton fibres, silk fibres, ecosafe processing. 

 

 

1 INTRODUCTION 

During the whole history of mankind wound 
dressings have been and remain the first aid means 
for stopping the bleeding and wound protection 
that is caused by their available and simple use 
under different conditions. Long since people used 
textile materials for covering wounds supplementing 
them with natural curative substances. 
Such dressings should not only protect a wound 
from contamination, but also reduce a pain. 
However a role of textile material in treatment 
of wounds has remained passive protective. 
“Therapy under dressings” even now remains one 
of the basic methods of conservative wound 
treatment, and in some cases (at concurrent 
diseases, extensive lesions, surgical contra-
indications) practically the only one. A timely stop 
of bleeding, processing of open wounds with 
antimicrobial substances, covering of the surface 
of burnt skin, removal of pain and edema, and also 
other actions in emergency situations help to save 
a life and to minimize consequences of wounds and 
traumas. 

Last years in the world practice the use of wound 
dressings of a new type having a prolonged medical 
and antimicrobial action has become widespread. 
Modern wound coverings should provide a complex 
impact on a wound: delete effectively excess wound 
exudate and its toxic components, provide adequate 
gas exchange between a wound and air, prevent 
secondary wound infection and contamination 
of objects of the environment, assist in creation 
of optimum dampness of a wound surface, have 
low-adherence and sufficient mechanical strength 
[1-3]. A distinctive feature of a new generation 
of wound dressings is provision of targeted transport 
of drugs to wound with their controllable release 

of required concentration. A prolonged curative 
action of such materials excludes a necessity 
of frequent change of dressings, does not affect 
the process of wound healing, facilitates work 
of medical staff and enables first self-help 
to a wounded or injured person. 

Issues on production of wound coverings of a new 
generation are in the center of attention of leading 
manufacturing companies of the USA, Germany, 
Great Britain and other developed countries.  

Present-day wound dressings with a prolonged 
curative and antimicrobial action are in fact 
composites comprised at least of three components: 
a textile basis, a polymeric layer and 
a pharmaceutical drug. At this a textile basis 
is considered not as an inert substrate – it is 
selected proceeding from set mechanical and 
physical properties, and also from provision 
of a required prolonged action of antiseptic agents 
and medicines. Among different textile structures 
used as bases for wound dressings, nonwoven 
materials [1, 3] are considered to be the most 
promising ones. They have high absorptive ability 
enabling to facilitate a procedure of their processing 
with pharmaceutical drugs, to provide ease 
of passing and sorption of sweat and wound 
excretions. They are easily cut in any directions 
without affecting the structure, can contact freely 
with open wound surfaces. Nonwovens are easy- 
and convenient-to-use, pleasant- and soft- to-touch, 
and they are characterized with low cost - unlike 
woven and knitted fabric, their manufacture does not 
require the use of complex equipment. 

Wound dressings have many performance criteria, 
such as the need to protect the wound surface, 
the ability to absorb wound exudate, the ease 
of application and removal, but the main is its 

mailto:suprun.knutd@mail.ru
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antimicrobial function, desirably, with a prolonged 
action. For this purpose different groups 
of antimicrobial substances belonging to different 
classes of organic and inorganic compounds are 
used. At present there is an obvious tendency 
to the use of low-toxicity antimicrobial additives 
among which special attention is paid to nanosilver 
processing. Silver has a long history 
as an antimicrobial agent [4]. In recent years it has 
been successfully used as an effective antimicrobial 
agent for wound management and silver-containing 
wound dressings are now widely used throughout 
the world. Silver is more universally effective 
than antibiotics, more broadly powerful than chlorine 
and blocks the growth of gram negative and gram 
positive bacteria, fungi, viruses and yeast. 
An important feature of ionic silver is that it kills 
detrimental microbes but it is non-cytotoxic 
to proliferating granulation tissue, in the right 
concentrations [5-7]. Also silver is deprived in many 
respects of lacks connected with a problem 
of resistance of pathogenic microorganisms [8]. 

With the development of nanotechnologies scientists 
of the world evidenced coming back of a “silver era” 
in medical practice. An active use of silver 
nanocomposites for textile impregnation 
is determined by significant and incontestable 
advantages over all existing antimicrobial means 
due to it wide range of antimicrobial activity. 
Disinfecting properties of nanosilver reveal 
themselves through its surface contacting with 
microorganisms. In the form of nanoparticles silver 
gets unique properties due to extremely big specific 
area of the surface which increases 
an area of contact with bacteria, improves 
an antimicrobial action and enables to reduce silver 
concentration by hundred times preserving all 
bactericidal properties [9]. 

The purpose of the work is to develop nonwoven 
materials on the bases of natural fibers for wound 
dressings with bactericidal properties provided due 
to nanosilver processing. 

2 EXPERIMENTAL AND METHODS 

With the use of cotton and silk fibres by means 
of a needle-punching method we have obtained two 
types of nonwoven materials for their further use as 
a textile basis for wound dressing. To provide 
antibacterial properties the process of silver 
recovery from water solution of silver nitrate 
in the presence of a surface-active substance with 
the use of glucose as a reducer has been used for 
introduction of silver nanoparticles in nonwovens 
[10]. Such conditions provide eco-safety 

of the process which is important for materials 
contacting with open wounds. 

Antibacterial properties of the obtained colloidal 
solution were checked with the use of reference 
strains S. aureus UKM V-904 (ATSS 25923), E. coli 
UKM V-906 (ATSS-25922) and P. aeruginosa UKM 
V-907 (ATSS-27853) by Gratsia method [11]. 
The presence of antimicrobial properties as to 
the used test strains of microorganisms was 
determined according to occurrence of areas 
of absence of growth on the place of solution 
application. Correctness of the carried out 
experiment was estimated by presence 
of a clarification zone on the place of application 
of a positive control sample and by absence – 
on the place of application of a negative control 
sample. The carried out experiments evidenced 
that starting sol of silver nanoparticles depresses 
in a different measure the growth of microorganism 
strains studied. S. aureus turned out to be the most 
sensitive to a sol action, E. coli – the least sensitive. 

The structure of initial and silver nanomodified 
materials was characterized by a method 
of scanning electronic microscopy with the use 
of microscope MIRA3 LMU, Tescan with 
the resolution of ±1 nm and with the energy 
dispersive spectroscopic chemical analysis system 
Oxford X-MAX 80 mm

2
; uncertainty of the device - 

±1%. Information on qualitative composition 
of samples and interaction between components 
of material was received from the analysis 
of arrangement and intensity of maxima in infrared 
spectra measured at an ambient air temperature 
with spectrometer IR Affinity-1, Shimadzu within 
4000-550 cm

-1
 with the use of multiple attenuated 

total internal reflection attachment with a diamond tip 
and uncertainty of the device of ±2 cm

-1
. TG-DSC 

spectra of materials were measured with the thermal 
analyzer SDT Q600, Intertech within 25-800°C 
in the airflow with a heat rate of 10 K/min; 
uncertainty of the device ±2% (DSC), ±0.001 mg 
(TG). UV visible spectra of silk and cotton materials 
were registered on UV-VIS-NIR-spectrophotometer 
UV-3600, Shimadzu in the transmission mode within 
220-800 nm with uncertainty of the device of ±1 nm. 

3 RESULTS AND DISCUSSION 

Images of the fibre surface of silk nonwoven 
samples under study before and after modification 
with colloidal silver obtained by a method 
of scanning electronic microscopy are given 
in Figure 1. Original fibers of silk with distribution by 
a diameter of 10-50 µm look like flat formations more 
often twisted in a tubular form (Figure 1a). 
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 a)  b)  c) 

Figure 1 Photos of scanned electronic images of the nonwoven silk surface: (a) - original, (b) - modified with silver 
nanoparticles, (c) - areas selected for chemical energy dispersive analysis 

 a)  b)  c) 

Figure 2 Photos of scanned electronic images of the nonwoven cotton surface: (a) - initial, (b) - modified with silver 
nanoparticles, (c) - areas selected for chemical energy dispersive analysis 

 

Their length exceeds obviously millimetric indices. 
After application of particles of synthesized colloidal 
solution the light areas which relate to a modifier 
appeared on SEM images. Contrast is caused 
by heavier silver atoms. 5-15 nm particles can be 
observed next to agglomerates which we have 
related to silver nanoparticles.  

The evidence of modification with silver 
nanoparticles is chemical elemental analysis 
in the selected area (Figure 1c). In spectra such 
elements as carbon, oxygen and silver (only 
in modified silk) have been registered. It should be 
noted that the content of elements less than 1% 
is not registered in energy dispersive analysis. C/O 
ratio for all samples is of the same order which 
mean that the state of silver is ionic; its content on 
different sites differs significantly y times (Table 1). 

Table 1 Results of chemical energy dispersive analysis 
of initial and Ag-modified silk in the selected areas 

Elements / 
the area of analysis 

C O Ag 
content [%] 

initial 75.78 24.22 - 
initial 72.85 27.15 - 

range 1 73.93 21.10 4.97 
range 2 71.26 14.95 13.79 

 

Nanosilver particles are also registered on 
the surface of cotton fibres of nonwoven samples 
(Figure 2). In spectra of chemical energy dispersive 
analysis such elements as carbon, oxygen and silver 
have been registered only in modified cotton 
(Table 2). 

Table 2 Results of chemical energy dispersive analysis 
of starting and nanosilver-modified cotton nonwovens 
in the selected areas 

Elements / 
the area of analysis 

Content [%] 
C O Ag 

Initial 75.33 24.67 - 
Initial 78.6 21.4 - 

range 1 26.36 17.53 56.11 
range 2 95.85 0 4.15 
range 3 78.63 21.37 - 

 

For development of effective technology for creation 
of wound dressing it is important to determine 
changes in the thermal behavior of fibers after 
modification. TG-DSC analysis of spectra testifies 
to the fact that initial and nanosilver-modified silk 
samples (Figure 3) have a similar two-stage 
mechanism of burning with mass loss and 
exothermic enthalpy of 1331-1338 and 1226-
1765 J/g.  
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  a) 

  b) 

Figure 3 TG-DSC spectra of nonwoven silk samples: a - initial, b - modified with silver nanoparticles 

 

Divergence in a thermal effect of high temperature 
maximum of more than 20% may relate to 
participation of modifiers - silver, surface-active 
substances and other impurities during burning. It is 
also confirmed with much bigger mass loss about 
5.5% at more intensive thermal destruction 
of material. Maxima of exothermic effects make 
339.7, 342.43 and 449.54, 429.28°C respectively 
for silk and silk/Ag. There were no significant 
changes in thermal stability (Figure 3 for DSC 

curves). Samples lose mass equally 4.302-4.808% 
up to 200°C with an endothermic effect that, 
as a rule, is connected with desorption of adsorbed 
water. The unexpected strongly pronounced stage 
of mass loss without a pronounced thermal effect 
(Figure 3 for TG curves) can be observed 
within 200-250°C in the modified sample. Similar 
studies were done for the nonwoven cotton samples 
(Figure 4). 
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  a) 

  b) 

Figure 4 TG-DSC spectra of nonwoven cotton samples: a - initial, b - modified with silver nanoparticles 

 

Information on qualitative composition of samples 
and interaction between components of material has 
been received from the analysis of arrangement and 
intensity of maxima in infrared spectra. 
By comparing the obtained IR spectra of samples 
of initial (a) and silver-modified silk fibres (Figure 5) 
we can see that valence vibrations of ОН- and NH-
groups have not changed significantly at 3335 and 
3302 cm

-1
. It is obvious that physical or chemical 

interaction between the modifier and fibres is not 
set. Mechanical interaction between silver 
nanoparticles and silk has not been shown 
spectroscopically because of a small number 
of contacts between hydroxyl groups and silver with 
surface-active substances. A number of bands 
of valence vibrations of the -СН groups at 2895 cm

-1
 

testify to an energetically unequivalent condition 
of groups relating to linear and aromatic structural 
fragments. There were no redistributions 
of maxima and intensities and it was logical because 
of strength of polar covalent weak C-H bonds. 
A wide band with maximum of 1648 cm

-1
 relates 

to valence vibration С=О. Deformation vibrations    
of -NH2 and -NH groups can contribute to this 
sphere. A number of bands in the range of 1450-591 
cm

-1
 frame vibrations relate to single and collective 

valence vibrations C-C, C-O and deformation 
vibrations -СН. Insignificant weakly intensive 
divergences of two samples can be explained by 
the influence of organic modifiers or silk 
heterogeneity. 
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  a) 

  b) 

Figure 5 IR spectra of nonwoven silk samples: a - initial, b - modified with silver nanoparticles 

 

Cotton is a biopolymer to which the basic absorption 
bands of deformation and valence vibrations 
characteristic for polysaccharides correspond. 
In the spectrum of starting cotton in the field 
of 3600 cm

-1 
there are

 
bands of valence vibrations 

of –OH bond of different groups (primary, 
secondary, tertiary). This wide band has two 
maxima of 3332 cm

-1
 primary –OH and 3279 cm

-1
 – 

secondary -OH. Valence vibrations C-O of different 
groups (C-OH - primary, ОН - secondary, C-O-C - 
cyclic, C-O-C - intercycle (glycosidic linkage) are 

shown in the field of 900-1200 cm
-1

 in the form 
of a complex band with several maxima which 
correspond to these bonds, respectively: 1000 cm

-1
, 

1028 cm
-1

, 1054 cm
-1

, 1106 cm
-1

, 1159 cm
-1

. There 
are also bands of valence and deformation 
vibrations C-H in the spectrum - linkage of different 
groups. A strip with the maximum of 2895 cm

-1
 

corresponds to valence vibrations of -СН- group, 
and in the field of 1300-1500 cm

-1
 to deformation 

vibrations -СН both of a cyclic and a skeletal type.  
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  a) 

  b) 

Figure 6 IR spectra of nonwoven cotton samples: a - initial, b - modified with silver nanoparticles 

 

So the analysis has confirmed that samples 
of nanomodified cotton contain primary and 
secondary ОН- groups having properties to form 
a hydrogen bond of different force. Primary groups 
form such a bond faster, but it is weaker as regards 
interacting force, and secondary groups do it slower, 
but the bond is stronger. Just this provides ability 
of silver particles to be sorbed well at processing 
of nonwoven cotton cloth with AgNO3 solution due to 
hydrogen bonds and to stay on the surface and 
inside the molecules. It is obvious that physical 
or chemical interactions between a modifier (silver) 
and fibres are not set; neither chemical nor physical 
nature of polysaccharide does not change.  

 

 

4 CONCLUSIONS 

Silver-containing fibrous nonwoven fabrics on 
the basis of cotton and silk fibres have been 
obtained for their use as a bactericidal textile basis 
for wound dressings. Experiments evidenced 
that sols of silver nanoparticles used for nonwoven 
materials processing depresses the growth 
of microorganism strains studied. The study 
of the structure and properties of obtained fabrics 
has been carried out with the use of methods 
of scanning electronic microscopy, energy 
dispersive spectroscopic chemical analysis and 
infrared spectroscopy.  
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RESEARCH OF TOPOGRAPHY OF INFLUENCE AND 
CLASSIFICATION OF THE REQUIREMENTS FOR UNIFORM   

OF PASSENGER CAR ATTENDANTS 

I.O. Prykhodko-Kononenko, O.V. Kolosnichenko, N.V. Ostapenko, M.S. Vinnichuk 
and M.V. Kolosnichenko 

Kyiv National University of Technology and Design, Nemirovicha-Danchenka str. 2, 01011 Kyiv, Ukraine 
3212793@gmail.com 

 

 

Abstract: The article investigates the theoretical foundations of the study of reliability indicators in order 
to identify priorities in development of efficient uniform for the passenger car attendants with predictable 
properties. Thus, functional and constructive design is carried out, taking into account the topography 
of influence by defining zones of influence on different parts of the garment, what enables development 
of variable constructive and functional solutions for the uniform in accordance with the quality 
requirements. 

Keywords: uniform of passenger car attendants, reliability indicators, list of hazardous and harmful 
operational factors, predictable properties. 

 

 

1 INTRODUCTION 

At present, departmental uniform is used by 
the customs officers, taxmen, prosecutors, bailiffs, 
foresters, transport workers and other officials. 
The main requirements in design of the uniform 
of any department have always been and still are 
the following: aiming for maximum comfort, 
practicability, versatility and originality. At the same 
time, development of new and unique collections set 
an objective for the designers: to promote 
imaginative perception of the personnel 
of the departments as professionals, inspiring 
confidence, whose appearance should inform about 
respectability and reliability of the company as 
a whole. That is why the railwaymen, who never 
take off their uniforms (unlike many departments, 
which historically diverged from wearing uniforms), 
are still considered to be a reputable company. 

Among the employees of the rolling stock 
of passenger rail transport passenger car attendants 
are the largest group, but their working conditions 
and health status have been poorly examined. 
Railway professions are classified as hazardous. 
Work of the passenger car attendants of the railroad 
passenger service is associated with permanent 
influence of a number of physical, chemical, 
biological, psychological and other factors on 
the body: temperature jumps, noise, vibration, dust, 
high levels of microbial contamination of air and 
cars, disturbance of sleep and rest regime, 
physiological and emotional stress, etc. [1-4]. 
 

2 EXPERIMENTAL 

Accidents arising in connection with the use of poor 
quality, out-dated equipment and violation 
of the procedure for carrying out hazardous works, 
etc., pose threat to work and health of the personnel 
and passengers. The analysis of the operating 
activity of the passenger car attendants resulted in 
development of the list of hazardous and harmful 
occupational factors (HHOF). Development 
of industrial technologies enhances the influence 
of the HHOF, what requires increased level 
of protection of a person through the use of new 
structural and technological solutions and materials 
for clothes. Therefore, it is advisable to constantly 
improve the design and manufacturing process 
of the uniforms in order to improve its quality. 

Based on the analysis of professional activity and 
developed list of hazardous and harmful 
occupational factors, the topography of their 
influence on the uniform of the passenger car 
attendants has been studied (Figure 1). 

The topography of influence includes the effect 
of perspiration, light weather, residual deformation 
(stretching, bending), industrial pollution, wearing in 
the plane, destruction of materials and joint places 
of clothes (breaking), what requires extra attention 
in the process of design of reliable and durable 
articles. 
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Figure 1 The topography of influence of the HHOF on women`s and men`s uniform (shirt, trousers, jacket, blouse, skirt, 
coat) of the Ukrzaliznytsia passenger car attendants: a - front view, b - back view 

The data provided in Figure 2 have been obtained 
by the research wearing of the uniform by 
the customers; the analysis has been carried out 
by the expert estimation method. The results have 
been processed by application of the mathematical 
statistics methods. A range of disadvantages have 
been revealed; the demand of the employees has 
been studied for the purpose of further application 
of the results of the survey in the course 
of designing the reliable and comfortable clothing. 

The main requirements to be met by the uniform 
include protection from hazardous and harmful 
occupational factors (HHOF) (Figure 2), ensuring 
occupational safety, maintenance of normal 
functional state of a human and his/her 
performance, and, of course, clothing must not have 
a toxic effect on a human body while its use and 
production. The content of the questionnaire also 

included the issues of the main and additional 
requirements for the materials, model and 
technological peculiarities of clothing, and 
requirements for the design and ergonomics, 
as well. 

The survey results have showed that the current 
uniform has a range of disadvantages: 
the construction of armhole (creates discomfort 
during moves) and neck hole (quickly becomes dirty) 
do not meet the requirements for comfort; are not 
comfortable (at the placement) and have unreliable 
pockets (tear off quickly); insufficient number 
of pockets in clothing; deficient tailoring 
of longitudinal sections (vent); lower sewn 
underplacket (in a blouse) creates inconveniences; 
materials are unpleasant to the touch, air-
impermeable and electrifiable. 
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Figure 2 List of hazardous and harmful operational factors 

Specificity of working environment and climatic 
conditions, HHOF types, their intensity, frequency 
became the basis for development of the theoretical 
foundations of the study of reliability indicators 
in order to identify priorities in development 
of efficient uniform for the passenger car attendants 
with predictable properties. Thus, functional and 
constructive design is carried out, taking into 
account the topography of influence by defining 
zones of influence on different parts of the garment, 
which enables the development of variable structural 
and functional solutions for the uniform 
in accordance with the quality requirements. 

A critical review of the current state of the problem 
of development of the current uniforms revealed 
the necessity for its improvement. Before starting 
to design the uniforms, it is necessary to develop 
scientifically grounded requirements for such design 
[5-7]. The requirements for the uniforms must satisfy 
certain aspects of consumption and manufacturing. 
In this relation, they may be divided into consumer 
and manufacturing. Feasibility of manufacturing and 
marketing of an article determines social qualities 
of such article. 

Hazardous and harmful operational factors

Biological
Include pathogens (bacteria, viruses, etc.) 
and their metabolic products

Chemical By nature of influence:
- Toxic, causing poisoning of the whole body;
- Irritant, causing irritation of respiratory tract 
and mucous membranes;
- Sensitizing, acting as allergens;
- Carcinogens, causing oncological diseases;
- Mutagenic, causing changes in genetic 
information;
- Such that af fect the reproductive function;
By the nature of penetration into a human 
body through the respiratory system, 
gastrointestinal tract, 
skin cover and mucous membranes.

Psychophysiological - Static physical overwork when holding large
 loads, forced posture;
- Dynamic physical overwork when lifting and 
moving loads;
- Overwork when performing works in confined
 spaces and works on the tracks;
- Overexertion of the analysers;
- Monotony of work;
- Emotional strain.

- Moving machines, elements of weight-
handling and other equipment;
- Moving parts of manufacturing equipment;
- Products, fabricated parts, and materials;
- Falling objects and tools;
- Voltage rise in electrical circuit;
- Thermal, ionizing, infrared, ultraviolet 
radiation:
- Increased dust content and pollution of the 
air in the working area;
- Increased noise level in the workplace:
- Increased vibration level;
- Increased/reduced temperature of surface of
the equipment, materials;
- Increased/reduced temperature of the air;
- Increased/reduced humidity:
- Increased/reduced air movement in the 
working area;
- Increased/reduced temperature of surface 
of the equipment, materials;
- Lack or insuf ficiency of natural light;
- Direct or reflected glare;
- Sharp edges, burrs and roughness on the 
surface of the fabricated parts, 
tools and equipment

Physiological



Textile Technologies  Textilné technológie 

Fibres and Textiles (2) 2017 14 

3 RESULTS AND DISCUSSION 

The uniform of the passenger car attendants shall 
meet a set of stringent and contradictory 
requirements, conditioned by its functional use. 
Analysis of the current uniforms 
of the Ukrzaliznytsia passenger car attendants 
allowed to establish that it does not fully take into 
account the actual working conditions and hinders 
movements. It should also be noted that the current 
package of the materials has not been differentiated 
in accordance with the topography of influence 
of different HHOF and their intensity, etc. A key 
component of the design process for new types 
of the uniform of the Ukrzaliznytsia passenger car 
attendants shall be development of constructive and 
technological solutions in each project case. 
So, uniform of the Ukrzaliznytsia passenger car 
attendants shall have ergonomic and aesthetic 
design in order to ensure the highest possible level 
of protection, convenience and good appearance.  

The uniform of the Ukrzaliznytsia passenger car 
attendants must: ensure adequate protection level 
against all types of hazards; have such structure 
that would provide the maximum possible level 
of ergonomics and aesthetics; not to create 
obstacles for the person performing the work; 
ensure "harmlessness", i.e. will not create additional 
risk factors; ensure the highest possible level 
of comfort; have a maximum permissible limitation 
of movements, position or sensory perception 
of the passenger car attendant and not cause 
movements that may pose a threat to him 
or passengers; provide perfect fitting of the garment 
and fixation on the body in the process of its use  
regardless of environmental conditions, movements 
and posture of the passenger car attendant; 
be compatible with other existing articles; carry 
information about the position, field of application; 
provide easy recognition among the employees; 
ensure extension of the period of its use, provided 
by the possibility of reparability or replacement 
of separate components of the uniform, provide fixed 
sizes and shape for a given period of use; have such 
structure that would provide its easy and correct 
wearing; provide comfortable microclimate and 
space under clothes. Compliance with these 
requirements in the process of design and 
manufacturing of the uniform for 
the Ukrzaliznytsia passenger car attendants 
provides high efficiency of work and reduces 
negative impact of environmental factors 
on a person. Uniform of the passenger car 
attendants shall conform to its functional use, not 
hinder the movements, ensure easy care (laundry); 
fabric shall be resistant to abrasion, mechanical 
damage, etc. 

Analysis of uniforms and requirements made it 
possible to establish product range, which consists 

of jackets, coats, blouses, shirts, trousers, skirts, etc. 
Depending on the conditions, these products are 
used as a particular set of clothes. On the basis 
of the carried out analysis, the list of the quality 
indicators of men`s and women`s uniform 
of the passenger car attendants has been suggested 
separately for the upper body garments and lower 
body garments. According to the results 
of the previous calculations, we singled out 19 
significant indicators for the upper body garments 
(jacket, coat) (Table 1) out of  39 suggested 
indicators, 16 significant indicators out of 38 – for 
blouse and shirt, 16 out of 30 – for men's lower body 
garment (trousers), 15 out of 29 - for women`s lower 
body garment (skirt). 

The reliability indicators characterize the ability 
of the material or clothing to perform the specified 
functions while keeping their operational indicators 
within the set limits for a specified period of time. 

Ergonomics indicators characterize the system 
"worker – uniform – occupational environment" 
containing the elements that interact with each 
other, namely, a person, set of the uniform and 
environment in which the worker carried out his 
activity. Structural and technological indicators 
determine manufacturability of design of the article, 
labour costs and terms for manufacturing 
of the article. Manufacturability of the clothes 
is determined by the possibility of using optimal, 
economic and technological methods during 
manufacturing process, the most efficient techniques 
and articles processing methods. Aesthetics 
indicators play an important role in assessing 
the appearance, artistic and coloristic decoration 
of the material or uniform. 

The following indicators should be noted among 
the cost effectiveness indicators: product cost and 
expenses for garment care. Based on these very 
indicators, the railway personnel limited imagination 
of the designers: only assemblies of summer and 
winter clothes and cost of the materials and 
accessories of suitable quality. Therefore, 
we proposed a list of the quality indicators of men`s 
and women`s uniform for the passenger car 
attendants (Table 2). 

Among consumptive qualities of a set of the uniform, 
significance of the indicator or requirement 
is characterized by the coefficient. Value 
of the coefficients of the significance indicators 
is established by the expert assessment method 
by significance ranking n of the indicator 
(requirement). The most significant indicator 
is denominated with a rank R = 1, and the least 
significant – R = n. Having analysed the obtained 
coefficients of significance and statistic criteria we 
established the ranking of significance of the quality 
indicators, represented in Table 2. 
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Table 1 List of the quality indicators of the uniform of the passenger car attendants 

Group of requirements 
significance [%] 

Property 
Quality indicator 

and means for its ensuring (М*, S*, Т*) 

1 2 3 

1. Ergonomic 
33% 

Sanitary 
conformance 

1.1 Water permeability coefficient, М 
1.2 Water-absorption quality, М  
1.3 Air permeability coefficient, М  
1.4 Thermal conductivity coefficient, М 
1.5 Content of natural fibre in raw material components, М 

Psychophysiological 
conformance 

1.6 Ease of using, S, T 
1.7 Surface resistivity, М 

Anthropometric 
conformance 

1.9 Dynamic conformance, S 
1.10 Static conformance, S 

2. Reliability 
27% 

Durability of materials 
and structures 

2.1 Dyeing fastness (dry-cleaning, wet processing, light weather, perspiration) М 
2.2 Number of lint, М 
2.3 Breaking strength of seam, Т 
2.4 Number of cycles of wearing in the plane and  in bends, М 
2.5 Dust content coefficient, М 
2.6 Change in linear dimensions after wet processing and dry-cleaning, М 
2.7 Thread shifting, М 
2.8 Number of launderings and dry-cleanings before loss of market condition, М 
2.9 Remaining strain, М 

3. Aesthetic 
20% 

Composition  
perfection degree 

3.1 Availability of distinguishing features, S, M 
3.2 Conformance of decoration to appearance, S, M 
3.3 Artistic and coloristic decoration of fabrics, М 

Market condition 

3.4 Conformity to structural and harmonious image and  aesthetics, S, M 
3.5 Level of technical performance of the garment, Т 
3.6 Degree of bleaching, М 
3.7 Crease resistance coefficient, М 
3.8 Fitting, S 
3.9 Dimensional stability of the garment, S, T 

4. Economic 
13% 

Conformance 
of the finished product 
to the proposed price 

4.1 Product cost, M, T, S 
4.2 Expenses for garment care, М 
4.3 Expenses for repair, M, T, S 
4.4 Garment quality/price ratio, М, Т 

5. Structural and 
technological 

Conformance 
to structural and 

technological solution 

5.1 Total labour intensity, S, T 
5.2 Flaking of cuttings, М 
5.3 Availability of lining, S, M 
5.4 Structural segmentation of the form, S  
5.5 Maintainability, S, M 
5.6 Availability of elements for fixation of belt and differentiating marks, S, T 
5.7 Quality of processing treatment S, T 
5.8 Elasticity of busting seam, Т 
5.9 Direction and position of segmentation lines, S, T 
5.10 Availability of inside pockets Т 
5.11 Quality of fabric-to-fabric bonding, Т 

*M – materials, *S – structure, *Т - technology 

 

Table 2 shows that 19 significant indicators have 
been identified out of 39 suggested indicators for 
the upper body garments (jacket, coat); similar 
calculations have been carried out for all items used 
in a set of the uniform. 16 significant indicators have 
been identified out of 38 indicators for blouses and 
shirts in the course of the analysis, 16 out of 30 – for 
men's lower body garment (trousers), 15 out of 29 – 
for women`s lower body garment (skirt). 

Analysis of the estimates obtained from the experts 
required concordance of their opinions by a number 
of factors affecting the final result. It was suggested 
to estimate the concordance of the expert opinions 
through the concordance coefficient W, which is 
common rank correlation coefficient for the group 
consisting of m experts. The sequence of calculation 
involves first calculating the sum of the grades 
(ranks) for each separate factor obtained from all 

experts, and then calculating the difference between 
this sum and the average sum of the ranks. For this 
purpose, it is necessary to calculate the sum 
of the estimates (ranks) for each factor obtained 

from all experts 1

m

ij
j

x



, and then calculate 
the difference between this sum and the average 
sum of the ranks 

1

m

i ij
j

x T


  
 

(1) 

where the value T shall be calculated by 
the following formula:  

1 1

n m

ij
i j

a

T
n

 



 

(2) 
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and separate estimations аіj shall be calculated by:  

)n(maij 1
2

1


 
(3) 

Further calculation provides for determination 
of the parameter S by the following formula:  

2

1 1

1
( 1)

2

n m

ij
i j

S x m n
 

 
   

 
 

 

(4) 

The value S is considered to be maximum if all 
experts put the same ranks. Under these conditions, 
the average square deviation for total ranking factors 
in case of the best match is considered to be 
the maximum value if all experts give the same 
estimates.  

2 2
max

1
( 1)

12
S nm n 

 
(5) 

The concordance coefficient W shall be determined 
as the ratio of the actual obtained value to its 
maximum value:  

maxS

S
W 

 
(6) 

Value of the calculated concordance coefficients 
have been calculated within W=0.54÷0.93 for all 
indicators, pointing out to the level of concordance 
of the expert opinions. Under these conditions 
the table value of Pearson fitting criterion χ

2
Р is less 

than the calculated χ
2
Р, namely 

χ
2
Т = 1.1÷19.7<χ

2
Р = 19.24÷73.59. Thus, as a result 

of the expert estimation a number of indicators 
of reliability, ergonomics and aesthetics have been 
singled out for further research. 

 

 

Table 2 Ranking of significance of the quality indicators of the uniform for passenger car attendants 

Code and name of the requirement, 
name of the indicator  

Ranking 
by the expert 

Coefficient 
of significance 

Mentioned coefficient 
of significance 

1 2 3 4 

1. Reliability 2 0.27  

1.1 Resistance to light weather 5 0.17 0.0459 
1.2 Crease resistance coefficient  3 0.21 0.0567 
1.3 Pilling 8 - - 
1.4 Seam strength   9 - - 
1.5 Number of cycles of wearing in the plane 4 0.18 0.0486 
1.6 Resistance to ripping at seams 2 0.21 0.0567 
1.7 Change of linear dimensions after wet processing 7 - - 
1.8 Thread shifting 10 - - 
1.9 Number of launderings before loss of market condition 1 0.23 0.0621 
1.10 Remaining strain 6 - - 

2. Ergonomic 1 0.33  

2.1 Water permeability coefficient  6 - - 
2.2 Textile porosity 7 - - 
2.3 Breathability 4 0.18 0.0594 
2.4 Water penetration 9 - - 
2.5 Permissible terms for continuous use 3 0.21 0.0693 
2.6 Vapour permeability coefficient 5 0.17 0.0561 
2.7 Ease of using 1 0.23 0.0759 
2.8 Surface resistivity 8 - - 
2.9 Dynamic conformance 2 0.21 0.0693 
2.10 Static conformance 10 - - 

3. Aesthetics  3 0.2  

3.1 Availability of distinguishing features 2 0.29 0.058 
3.2 Colouring and decoration 4 0.15 0.03 
3.3 Artistic and coloristic decoration of fabrics 5 - - 
3.4 Conformity to structural and harmonious image and  aesthetics 1 0.35 0.07 
3.5 Quality of processing treatment 3 0.21 0.042 

4. Structural and technological 5 0.07  

4.1 Complete set 3 0.2 0.014 
4.2 Flaking of cuttings 5 0.11 0.0077 
4.3 Availability of lining  4 0.15 0.0105 
4.4 Structural segmentation of the form  6 - - 
4.5 Maintainability 2 0.25 0.0175 
4.6 Availability of elements for fixation of clothes  1 0.29 0.0203 

5. Economic 4 0.13  

5.1 Product cost 1 0.5 0.065 
5.2 Expenses for garment care  2 0.33 0.0429 
5.3 Expenses for repairmen  3 0.17 0.0221 
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The main feature of the developed list is a summary 
and content of all requirements of the consumer, 
characterized by a set of parameters defined 
as directly social and individual values 
for the consumer. Functional and ergonomic 
substantiation of the design solutions plays 
dominant role in the bringing the uniform 
of the passenger car attendants into conformity with 
the conditions of its use. In the process 
of development of the requirements we applied 
an approach, that took into account the study 
of existing types of domestic and foreign analogues, 
distinctive features of operating activity, nature 
of injuries and occupational diseases, working 
conditions, existing hazardous and harmful factors 
that directly affect the employee.  

The list of quality indicators is represented 
separately for upper body garments and lower body 
garments. Such approach makes it possible 
to determine the level of quality indicators during 
project design of the sets of the uniform.  

4 CONCLUSION 

Hazardous and harmful operational factors which 
play dominant role in bringing the uniforms 
in conformity with the conditions of its use have 
been examined and systematized. In the process 
of development of the requirements we applied 
an approach, that took into account the study 
of existing types of domestic and foreign analogues, 
distinctive features of operating activity, nature 
of injuries and occupational diseases, working 
conditions, existing hazardous and harmful factors 
that directly affect the employee. 

Significance of quality indicators and means for their 
ensuring in the uniforms of the passenger car 
attendants has been assessed. The necessity 
of theoretical research of reliability indicators has 
been substantiated by establishing integrated 
ranking of the indicators in accordance with their 
incommensurability and lack of standards for 
comparisons. An expert assessment has been 
carried out; reliability, ergonomics and aesthetics 
indicators, among which requirements for quality 
of the materials and process and design solutions 
of the articles is of top priority, has been determined.  

Prospects of relevant researches highlight the fact 
that at present there is a necessity to develop 
uniforms for the employees of the postal 
departments, some of which are separate legal 

entities. In the process of work each of them shall 
give its employees a particular workwear, which 
differs from the workwear of the personnel 
of the state-owned post service "Ukrposhta". 
Development of generalized requirements for this 
type of uniform requires creation of its own corporate 
style of the employees of postal departments 
of Ukraine. However, centralization of the tasks 
in relation to design, materials, complete sets and 
traditions by categories of the officers, standards 
and terms of usage will allow to reduce its cost. 
These issues are also quite urgent for private 
transport companies, where the uniforms are 
in the first place most widely used by aviation 
companies that are the subject of some further 
scientific researches. 
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Abstract: A perfect wound healing requires sutures having many handling characteristics such as good 
knot security and flexibility. Knot security characteristics are influenced by a variety of physical and 
mechanical parameters including the friction coefficient, bending rigidity and compressibility of the suture. 
Knot security and other handling characteristics are evaluated only by surgeons during the implantation. 
There are no standard tests to evaluate these qualities. We present in this paper an objective method to 
assess knot security of nylon sutures. This method is based on a fuzzy-logic model which correlates suture 
physical parameters and the knot security. 

Keywords: Nylon braided sutures, handling characteristic, knot security, physical parameters, fuzzy-logic 
model. 

 

 
1 INTRODUCTION 

Sutures are used in all surgical operations and are 
the most implanted biomaterials. Linen sutures are 
the first sutures used by Egyptians [1]. There are 
several types of sutures which present different 
physical and chemical properties. These sutures 
can be classified according to their origins: natural or 
synthetic, according to their behavior in tissue: 
absorbable or non-absorbable and in terms of their 
physical configurations, suture materials can be 
classified into monofilaments or multifilaments. 

In order to ensure a perfect and complete healing 
of a wound, sutures should always meet certain 
requirements and characteristics. These 
characteristics can be classified into three types: 
physiological, physical and handling qualities. 
Handling characteristics are generally appreciated 
subjectively by the surgeon. It’s the category 
of suture characteristics related to the 'feel' of suture 
materials by surgeons during wound healing. These 
characteristics including pliability, flexibility, knot tie 
down and knot security are the most difficult to be 
evaluated objectively. In fact, industrially, only 
the diameter and the tensile strength of the suture 
are tested. 

Handling characteristics are related to physical and 
mechanical characteristics

 
[2]. For example, "knot 

security" which describes the ability of the knot to 
stay in position without untying or slippage is related 
to the coefficient of friction, stiffness or bending 
rigidity, size, compressibility of the suture and tying 
technique. The present study aims to lay some 
assessment parameters for handling characteristics. 
Multifilament sutures such as braided sutures are 
generally easier to handle and tie than monofilament 

sutures. They provide a better knot security due to 
their higher coefficient of friction [2, 3]. A linear 
relationship between knot security and coefficient 
of friction was reported by Herman [4]. A high 
coefficient of friction makes the knot tying difficult but 
leads to a more secure knot thanks to additional 
frictional forces which hold the knot ears together. 

Determining the knot security of the sutures is 
the subject of many researches in orthopedic 
surgery [5, 6]. This literature focuses on knot 
security because it plays an important role in 
the successful wound healing but reported results 
are not usually approved clinically. Indeed, there are 
no conventional procedures for objectively 
evaluating the handling properties of sutures [7]. 

We propose, in this paper, an objective method for 
evaluating knot security based on the correlation 
between subjective evaluation of sutures and 
objective measurements based on physical tests by 
using fuzzy logic method. The purpose of this 
modeling is to predict handling properties of sutures 
from physical measured parameters. 

2 EXPERIMENTAL PART 

Braided nylon sutures "Polyamide T Noir" 
commercialized by Adhe-els were evaluated. They 
are made from multifilament yarns and have 
different USP sizes: 2 - 1/0 - 2/0 - 3/0. The size 3/0 
correspond to the smallest diameter. Suture sizes 
are defined by the United States 
Pharmacopeia (U.S.P.). For a given USP size, 
the diameter of thread differs depending on 
the suture material class (Absorbable, Non-
absorbable…). Sutures diameters are mentioned in 
Table 1. 

mailto:samar.turki@hotmail.fr
http://en.wikipedia.org/wiki/United_States_Pharmacopeia
http://en.wikipedia.org/wiki/United_States_Pharmacopeia
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Table 1 Sutures diameters measured with microscope 

Size (USP) 2 1/0 2/0 3/0 

Diameter [mm] 0.782 0.469 0.421 0.342 

2.1 Objective evaluation 

In order to evaluate knot security, friction coefficient, 
bending rigidity and compressibility can be used [2, 
8]. We determined friction coefficient by twist 
method proposed by Lindberg and Gralen and 
adopted by Gupta [8]. An experimental device 
composed of six pulleys was developed and fixed to 
the lower jaws of a tensile tester. Two identical 
sutures are fixed to the upper jaws and passed 
around pulleys and two identical masses are 
attached to the two sutures as shown in Figure 1. 
 

 

Figure 1 Schematic presentation of the developed device 
for the measurement of friction coefficient 

Equation 1 allows the calculation of friction 
coefficient µ: 

 



 n 

TTlog 0
 

(1) 

The variables T, T0, n and β are respectively friction 
force registered by the load cell, normal force, 
number of twists and angle between sutures.   

T0 was equal to 0.2 N and n is equal to 1 
corresponding to a single twist simulating a surgical 
knot. The test was performed at a speed 
of 12.7 mm/min with a load cell of 10 N. When 
the test starts, sutures are tightened, then slip, 
producing a stick-slip phenomena. The force-
displacement curve provided by the test shows 
maximum and minimum peaks corresponding 
to maximum and minimum friction coefficients levels.  

Gupta [8] considered the difference between these 
levels (μs-μk) as the magnitude of stick-slip 
phenomena reflecting the ease or difficulty 
encountered by the suture to slip in the knot. 

Available literature related textile flexure concerns 
mainly fabrics and fibers. Today, there are 
no conventional methods or standards for 
the measurement of yarns bending rigidity. Ghane 
et al. [9] showed that we can assimilate yarn to 

a beam and determine the flexural rigidity using 
a two-support beam system and classic elastic 
equations in the case of small deflection. The yarn is 
fixed at one end, supported at the other and loaded 
in middle to measure deflection. We tried this 
method but results were not reproducible in the case 
of our braids. Inspired by this method, we had 
the idea to fix the two ends of sutures in order 
to avoid random slip of suture and apply a force F 
in the middle of the suture as shown in Figure 2. 
The distance l between two supports is 6 cm.  
 

 

Figure 2 The two-support beam device 

The deflection f is measured and bending stiffness 
EIGz is calculated from equation 2: 

Gz

3

I.E192

l.F
f 

 

(2) 

The determination of compression behavior 
of the suture requires the study of compressive 
stresses occurring inside the knot in order 
to evaluate important parameters such as knot 
security. During, this study, compressibility 
of the suture was measured by determining 
the lateral deformation of the suture at different 
pressures. This deformation corresponds 
to the difference between the suture diameter 
measured with the microscope and image 
processing and diameter under pressure measured 
with thickness measurement gauge (Figure 3). Five 
samples from each diameter were tested in each 
test. 

 

Figure 3 Thickness gauge 
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2.2 Subjective evaluation 

In order to evaluate sutures subjectively we did 
a survey of 15 surgeons. Every surgeon was request 
to use our sutures in surgical operations and assign 
a score to the knot security which varies between -2 
and 2. The score -2 corresponds to a very low knot 
security and 2 corresponds to an excellent knot 
security as shown in Figure 4. 

 

 
Figure 4 Evaluation criteria 

 

The influence of the tying technique on the knot 
security was reported by many studies [2, 3, 10]. 
The highest knot security was found with square 
knots. We performed tests with this knot type 
(Figure 5). 

 

 Figure 5 Square knot 

2.3 Modeling the relationship between objective 
tests and subjective evaluation 

Subjective or sensory evaluation gives an idea about 
surgeon perception towards sutures handling 
characteristics but it is difficult to use because 
of the lack of standards describing interpretation 
of human evaluation. On the other side, objective 
tests provide precise quantitative data which 
describe sutures hand. In literature, some 
researchers studied the relationship between 
objective tests and subjective evaluation mainly 
in the case of knitted fabric hand [11-13].  

The prediction of knot security from objective tests 
requires correlation between subjective evaluation 
of handling characteristics and physical parameters 
obtained from objective tests. Relationship between 
physical parameters and knot security is complex. 
For the correlation, we used fuzzy logic technique 
which has been often used in the field of fabric hand 
evaluation [14-17]. This method has shown many 
advantages in characterizing some complex 
concepts related to sensory and instrumental 
evaluation of hand properties. Fuzzy logic is flexible 
and tolerant of imprecise data that can model non-
linear functions. A fuzzy Inference system can be 
described via the diagram shown in Figure 6. 

 

Figure 6 Diagram of Fuzzy Interference System 

In our case, the inputs are physical parameters and 
the output is the score attributed by the surgeon. 
We used the Java Eclipse software to program 
Fuzzy Interference System. 

3 RESULTS AND DISCUSSION 

3.1 Objective evaluation 

Figure 7 presents an example of force-displacement 
diagrams registered by the tensile tester according 
to the twist method. This diagram shows maximum 
and minimum peaks. These peaks were used 
to calculate the term (μs -μk) corresponding 
to the difference between successive friction 
coefficients by using a program developed 
on Matlab software.  

Figure 8 shows mean values of these differences for 
different sutures sizes. Confidence intervals are 
calculated with an error margin of 5%. 

 
Figure 7 Example of force-displacement diagram 
 

 

 

Figure 8 Variation of μs-μk with suture diameter  
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As can be seen from Figure 8, friction coefficient 
is overall proportional to suture diameter. Suture 
having the highest diameter (USP 2) shows 
the highest friction coefficient. This is explained 
by the fact that when the diameter increases, 
filaments are more inclined relatively to braid axis 
and are more opposed to tangential movement 
of braid surface. During suture slippage tensile 
tester load cell records consecutive maximum and 
minimum forces which are different. 

Figure 9 shows results of bending rigidity test. It is 
quite obvious that when the diameter of the braid 
increases, the bending stiffness increases. Sutures 
having low bending rigidities are more flexible and 
allow easy handling by the surgeon. 

 

 

Figure 9 Variation of bending rigidity with suture diameter 

For sutures compressibility evaluation, we 
determined sutures diameters by using 
a microscope and image processing (Table 1), then, 
lateral deformation with the following pressures 
[kPa]: 1 - 3.05 - 4.2 - 5.09 - 8.97 – 16.05. Results 
are shown in Figure 10. We can see that suture 
have the smallest diameter (USP 3/0) has 
the highest lateral deformation.  

 

 

Figure 10 Lateral deformation of sutures under different 
pressures 

 

3.2 Subjective evaluation 

We collected scores attributed by surgeons for 
the different sutures used in different surgeries 
(Table 2). Results are presented in term 
of percentage relatively to the total number 
of evaluations. We can notice that sutures which 
have low diameter (USP 2/0 and 3/0) present good 
knot security.  

Table 2 Results of the surgeons sensory evaluation 

Size (USP) 2 1/0 2/0 3/0 

Very Low  [%] 13 0 0 0 
Low  [%] 50 19 0 0 
Moderate  [%] 37 56 11 25 
Good  [%] 0 19 78 50 
Excellent  [%] 0 6 11 25 

 

3.3 Development of the fuzzy-logic based model 
for correlating objective tests and knot 
security 

The Table 3 summarizes the numeric data of inputs 
and outputs of the model. 

E1, E2 and E3 are respectively bending rigidity, 
lateral deformation (under a pressure of 1 kPa) and 
friction coefficient.  

Table 3 Numeric data of inputs and outputs of the model 

N 
USP 

E1 
[N.cm

2
] 

E2 
[%] 

E3 
(µs-µk) 

Output 
Knot security 

2 0.975 26.85 1.64E-03 -1 
1/0 0.54 15.99 1.28E-03 0 
2/0 0.458 22.09 1.34E-03 1 
3/0 0.354 37.43 1.15E-03 1 

 

A fuzzy inference system contains four components: 
the fuzzifier, inference engine, rule base and 
defuzzifier (Figure 6) [13, 16]. The fuzzifier maps 
the inputs numbers into corresponding fuzzy 
memberships in order to activate rules that are 
in terms of linguistic variables. Then, the fuzzifier 
determines for a given input the degree 
of membership to the fuzzy sets via the membership 
functions.  

The rule base contains linguistic rules provided 
by experts. In our case, there are no experts able 
to provide rules which describe the relationship 
between physical parameters and knot security 
of sutures. So, we have to extract the rules 
of the model from numerical data. 

The inference engine consists in passing from input 
fuzzy sets to output fuzzy ones. Every activated rule 
has an output fuzzy set using fuzzy operators. It is 
possible that one or more rules are kept out. 
The used method for the implication is the minimum. 
Then, all rules are aggregated to obtain only one 
output set. 

To defuzzify is to return a number from the output 
fuzzy set. There are several methods used for 
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defuzzification but the most used is the centroid. It 
calculates and returns the center of gravity 
of the aggregated fuzzy sets. 

For the extraction of rules, we used the method 
of clustering map [18, 19]. From Table 3, we obtain 
Figure 11 which corresponds to the mapping of each 
two mechanical parameters together.  

 

 
 

 

Figure 11 Mapping of the inputs: E1 and E2 (top), E2 and 
E3  

The obtained maps show 3 clusters: low, moderate 
and good. Our sutures were divided into 3 subsets 
and the following rules were extracted. 

Rules extracted from objevtive and subjective data 

Cluster 1: If 0.4≤E1≤0.7 & 15≤E2≤20 & 1.25≤E3≤1.35 
then knot security is moderate 

Cluster 2: If 0.8≤E1≤1.2 & 25≤E2≤30 & 1.6≤E3≤1.7 
then knot security is low 

Cluster 3: If 0.2≤E1≤0.6 & 20≤E2≤40 & 1≤E3≤1.45 
then knot security is good 

Fuzzy Inference System 

The steps of fuzzy modeling procedure are 
described as following: 

o Step 1: Fuzzification of input variables  

Based on Figure 11, the bending rigidity was divided 
into three fuzzy values named: Low, medium and 
high on the scale of 0.2-1.2 N.cm

2
 (Figure 12). 

The scale of physical parameters was decided 
according to minimum and maximum values of these 
parameters among our samples.  

The lateral Deformation was divided into four fuzzy 
values named: Very Low, low, medium and high 
(Figure12). By referring to Figure 11 the coefficient 
of friction (µs-µk) was divided into four fuzzy values 
named: Low, medium and high (Figure12). 

o Step 2: Fuzzification of output variable 

The sensory scores were divided into five fuzzy 
values as shown in Figure 12. 

o Step 3: Reformulation of the rules 

After determination of membership functions, we 
reformulate the rules linguistically in order to be 
used later in the programming.  

If E1 is medium & E2 is very low & E3 is medium then 
knot security is moderate. 

If E1 is high & E2 is medium & E3 is high then knot 
security is low. 

If E1 is low & E2 is high & E3 is low then knot security 
is good. 

If E1 is medium & E2 is low & E3 is medium then knot 
security is good. 

The Mandami method was used to aggregate these 
rules and compute the output from input values. 

o Step 4: Defuzzification of output 

This goal of this step is to calculate a score by 
calculating the center of gravity of the output fuzzy 
set. 

The fuzzy model calculates the score related to knot 
security from the three entered physical data. 

Fuzzy system programming 

In the beginning of the program, we have to declare 
input and output variables and enter input and 
output membership functions described in 
the fuzzification step. Then we introduce rules 
describing used fuzzy operators. We use 
the operator 'minimum' to calculate the intersection 
between predicates and activate rules; we used 
the operator 'maximum' to aggregate or accumulate 
rules. The transition from the fuzzy "world" to 
the real "world" requires the calculation of the center 
of gravity of output fuzzy set. 

Figure 13 gives an overview of the calculation 
program. We can see that, for a suture non 
evaluated by surgeons having a bending rigidity 
of 0.69 N.cm

2
, a lateral deformation of 20% and 

a coefficient of friction of 1.43 E-03 (E1=0.69, E2=20, 
E3=1.43), the output Knot_security is the aggregate 
output fuzzy set built by the aggregation of fuzzy 
sets obtained by each rule. The calculation 
of the center of gravity of the output fuzzy set leads 
to a Knot_security equal to 0.5. 
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The output equal to 0.5 obtained after defuzzification 
means that we have a suture having a moderate to 
good knot security. This same suture was then 
evaluated by surgeons; half of them assigned a 0 as 

a score and the other half a score of 1 for the knot 
security. Finally, we can say that developed Fuzzy-
logic method and subjective evaluation done by 
the surgeons converge to similar results. 

 

  

  

Figure 12 Membership functions of the different inputs and the output 

 

 

 

Figure13 Overview of the calculation program interface 
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4 CONCLUSION 

In this work, we propose an objective method to 
evaluate knot security of braided sutures made 
of nylon multifilament yarns. Knot security 
is a handling characteristic which can be evaluated 
only subjectively by surgeons during implantation. 
The developed method is based on a fuzzy model 
which correlates physical parameters determined by 
objective tests and knot security of sutures 
evaluated by surgeons. 

We showed that it is possible to reproduce, reliably, 
surgeons appreciation of sutures. In fact, 
we developed a fuzzy model allowing the prediction 
of knot security from three physical parameters 
of the suture: bending rigidity, lateral deformation 
and friction coefficient.  

Further work will focus on the evaluation of knot 
security of other sutures available in the market 
in order to generalize results obtained in this work. 
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Abstract: The main idea of this work is to study the effect of knitted fabric characteristics on capillary rise 
and sorption ability by combining experimental and mathematical approaches. An experimental device 
performing the vertical suspension of fabric-liquid surface and permitting the penetration of water 
molecules through the tested samples is used. Experimental values of vertical wicking were gravimetrically 
measured using an electronic microbalance, and theoretically studied using the linear logarithmic model 
(LLM). The results show that the theoretical predictions are in reasonable agreement with the experimental 
data with high correlation coefficients values. It is also demonstrated that capillary rise kinetics are 
influenced by knitted fabric features, such as composition, knit structure, type of yarn and of couliering 
depth value. 

Water sorption kinetics of cotton fabrics have also been studied and modeled by using mass 
measurements of the water absorbed by the textile and the LLM equation in order to interpret 
the experimental data in terms of sorption ability. 

Keywords: Knitted fabric, capillary rise, linear logarithmic model, water sorption kinetics, sorption ability. 

 

 

1 INTRODUCTION 

The process of making textiles can require several 
dozen gallons of water for each pound of clothing, 
especially during the dyeing process. In fact, water is 
the most common solvent: All dyes, specialty 
chemicals and finishing chemicals are applied 
to textiles in water baths. Most fabric preparation 
steps, including desizing, scouring, bleaching and 
mercerizing, require the use of water. Textile dyes 
consume 10.95 billion liters of water each day, 
a huge amount of water for a highly polluting activity. 
Thus, it is necessary to optimize and control 
the sorption kinetics of this natural resource in textile 
materials during the industrial textile wet processing. 

On the other hand, global demand for knitwear 
is growing at a faster rate. Currently around 50% 
of clothing needs in the developed countries is met 
by knit goods. So, ensuring the required quality 
in a knitted fabric is a vital issue for the manufacturer. 
In fact, liquid transfer through knitted fabrics is 
a critical factor affecting physiological comfort 
especially in sportswear, underwear, working 
garment or protective clothing [1, 2]. When 
the metabolism is very high, people sweat and 
perspiration spreads all over the skin, that’s why, 
knitted clothes should transfer quickly 
the sweat outside to provide tactile and sensorial 
comfort for the wearer and even to prolong sport 
exercise performance [3, 4]. So, it is so important to 
understand moisture and liquid transport 
mechanisms. 

That’s why, in recent years, experimental and 
theoretical studies of the wicking rate in porous 
media have received significant attention. Extensive 
publications on liquid flow through porous media are 
available [5-22] and many investigations [15-18] were 
used the well-known equation of Lucas [24] and 
Washburn [25] to study dynamic invasion of fluid into 
straight, vertical circular capillaries. They showed 
that a liquid which has a viscosity μ and surface 
tension γ rises in a vertical tube of radius r according 
to the following law:  

Dt=(t) h2
 (1) 

where h is the distance penetrated by the liquid and 
D is the capillaries rate coefficient which is related 
at the same time to the surface properties, capillaries 
radius and liquid characteristics according 
the following equation: 

    
2

cos  r
=D




 (2) 

where θ is the contact angle between the liquid and 
the inside surface of the capillary. 

The Lucas-Washburn equation has been tested over 
the years [26-28] and has been used to characterize 
porous media which was considered as a bundle 
of cylindrical capillaries by calculating its mean pore 
radius r from slope of the curve h

2
 versus t. 

This approach is very useful. However, it can be 
applied as long as gravity and evaporation are 
negligible. Only the viscosity restricts the maximum 
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reachable height. That’s why, many researchers [17, 
18] focused on this weak point of Lucas-Washburn 
law and they developed a generalized equation 
which was applicable for short and long experimental 
time as shown below:  

    
h

h
-1

2

d
=hh

e








  (3) 

where he is the maximum height attained 
at the equilibrium. 

In order to study experimentally the wicking in 
textiles, different techniques have been employed: 
we note, the weight variation measurement of liquid 
rising in textiles recorded by a microbalance [21, 23, 
29]. The direct observation using colored solution 
[15] which have been enhanced by many 
researchers [15-18]. They developed another method 
based on image analysis taken with CCD 
camera of raised colored liquid in textiles. However, 
the main deficiency of this method is the fact 
that the addition of the dye changes the liquid 
properties and modifies its velocity [29]. It has been 
demonstrated that kinetic of the dye can be less 
important than those of the water which 
can significantly falsify the results. 

In this paper, kinetics of the water capillary rise onto 
cotton knitted fabric is investigated using 
an ameliorated experimental system (without addition 
of dye, UV lighting system in a darkroom). And 
the complete profile of vertical wicking has been 
predicted using the linear logarithmic model (LLM), 
which was the simplified linear form of the double 
exponential model (DEM) [21-23] as a function 
of the fabric characteristics, i.e. composition and 
structure. A good fit of the experimental data with 
the mathematical model was done. 

Thereafter, the sorption kinetics of different cotton 
fabrics has been studied and modelled by using 
the LLM in order to interpret the experimental data in 
terms of diffusion parameters and sorption ability. 

2 EXPERIMENTAL PART 

2.1 Materials 

The fabric samples used in this study were knitted 
by using the same machine: the STOLL CMS 320 TC 

automatic straight knitting machine which has 
a double fall electronic jacquard selection on both 
needle beds and “E” gauge equal to 7. 

The samples were knitted with the same yarns 
properties (yarn count and twist). Nevertheless, 
in order to investigate the effect of knitted parameters 
on wicking behaviors, we change fabric structural 
parameters, the kind and the composition of yarn.  

Table 1 gives the knitting parameters and 
geometrical properties of each sample used in this 
study. 

The dimension of the dry sample used in our 
experiments was 20 × 30 cm. To remove the natural 
wax and paraffin oil applied to yarns prior to knitting, 
a chemical treatment was used.  

The fabric was treated for 20 minutes at 65°C with 
a solution containing 2 mL/L of caustic soda and 
2.5 mL/L of wetting agent (Lavotan TBU). We used 
the distilled water which is used frequently in textile 
industry. 

2.2 Methods 

Figure 1 shows a sketch of the system prior 
to wicking experiments. It is composed of a device 
permitting the vertical suspension of the fabric-
surface on the liquid, a UV lighting system and 
a video camera to record the wicking liquid front 
height versus time. 

 

 

Figure 1 Experimental device 

 

Table 1 Characteristics of knitted fabrics tested 

Sample Composition 
Knit 

structure 
Yarn 

spinning 
Couliering 

depth 
Yarn count 

[m/g] 
Thickness 

[103 m] 
Weight 
[g/m2] 

1 100% Cotton Jersey Carded 14 12.5 1.99 359.5 
2 80% Cotton/20% PES Jersey Carded 14 12.5 2.13 378.1 
3 100% Cotton Rib 1&1 Carded 14 12.5 2.85 461.1 
4 100% Cotton Jersey Open-end 14 12.5 2.03 419.2 
5 100% Cotton Jersey Carded 12 12.5 2.33 349.0 
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In order to measure the mass of liquid raised, 
the fabric is attached, in the course direction, 
to a sensitive electronic balance (AND GX-2000 
precision balance) with the accuracy of 0.001 g 
which has the capability of recording the weight 
of the total raised water [g] versus time [s] with its 
special software (RsCom program of WinCT 
data communication software Version 2.40 
compatible with Windows, Window 95, 98 & NT).  

All the experiments were done in a conditioning 
darkroom (202°C and 654%) which allows us, 
under UV lamp, to have a good resolution and quality 
of images without addition of a dye. 

Three rinsing baths are applied after scouring; 
a simple average is calculated on the remaining data. 

3 RESULTS AND DISCUSSION 

3.1 Experimental data 

In this section, we are interested in the determination 
of the height attained by the water raised along 
tested knits. For this, two knit structures (jersey and 
Rib1&1), two different fabric compositions (100% 
Cotton and 80% Cotton – 20% Polyester), two 
different kinds of yarn spinning (carded and Open-
end) and two various tightening (12 and 14) are 
used. 

Figure 2 and Figure 3 describe respectively 
the evolution of the water raised height and the water 
absorbed mass along the knitted fabrics as function 
of time. The values of the height ht and the mass mt 
at each instant t are the average values calculated 
after three wicking tests. 

It is shown that all curves of experimental 
data of knitted fabric have a positive slope which 
decreases with time and attains zero at full 
saturation. So, this result indicates that capillary rise 
of water into knitted fabrics could be divided into two 
steps, namely the rapid phase and the slow phase. 

Analysis of Capillary Rise Study 

In order to study the capillary kinetic of water 
molecules in cotton knitted fabric, the experimental 
reached height of water raised in fabrics at each time 
were curve fitted using MatLab to the double-
exponential function (DEM) proposed by Hamdaoui 
et al. [21-23] in order to interpret the sorption kinetics 
of vertical capillary rise of water in cotton woven 
fabrics. This approach, which has a double 
exponential form, is valid for short and long time and 
given by the following equations: 

 Mass Approach [22, 23] 

       tK-.expm-tK-.expm-mm 2211et   (4) 

where me is the quantity of water absorbed 
at equilibrium (saturation of fabric), m1 and m2 are 
respectively the quantities of water absorbed 
at the rapid phase and the slow phase, K1 [min

-1
] and 

K2 [min
-1

] are the sorption kinetic coefficients 
of the rapid step and the slow step, respectively. 

 Height Approach [24] 

       tK-.exph-tK-.exph-hh 2211et   (5) 

where he is the height attained by the water 
at equilibrium (saturation of fabric), m1 and m2 are 
respectively the quantities of water absorbed 
at the rapid phase and the slow phase, h1 [cm] and 
h2 [cm] are the heights attained by the water during 
the rapid step and the slow step, respectively. 
K1 [min

-1
] is the capillary kinetic coefficient 

of the rapid step and K2 [min
-1

] of the slow step. 

Hamdaoui et al. found that the parallel double 
exponential kinetics model (DEM) fit well 
the experimental data with higher determination 
coefficient. 

However, it has been confirmed that K1 was, 
in the both cases, very larger than K2, which allows 
considering that the first and rapid process can be 
assumed to be negligible on the overall vertical 
capillary kinetics into woven fabrics [22, 23]. 
Moreover, the exponential term associated with 
the slow processes and the DEM equations have 
the same appearance and they are almost 
confounded. So, the DEM equation can be simplified 
to be as: 

 Mass Approach [22, 23] 

    Kt-.expm-mm eet   (6) 

 Height Approach [24] 

   tK'-.exph-hh eet   (7) 

where K [min
-1

] and K’ [min
-1

] are, respectively, 
the sorption kinetic coefficient and the capillary 
kinetic coefficient of the vertical capillary rise of water 
through fabrics. 

To explain the reason of this deceleration of capillary 
rise velocity over time, we must analyze correctly 
the porous medium structure and understand by 
which effects the capillary rise has been restrained. 

In fact, for short time, when the extent of the water 
flow in porous fabric is significantly less important 
than the maximum equilibrium height, the influence 
of gravity can be neglected. Consequently, the liquid 
rises quickly through the macro pores (pores 
between yarns) and the meso pores (pores between 
fibers) which are responsible for the diffusion during 
the first seconds (the rapid process) [24]. After full 
saturation of pores which have largest radius, liquid 
tries to enter the fiber in its accessible sites 
of amorphous regions known by micro pores which 
makes the diffusion more difficult. Moreover, gravity 
effect, for long time, shall not be neglected; it limits 
the inserting of water into these micro pores which 
are responsible for the long time diffusion (the slow 
process). 
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Figure 2 Wicking of distilled water into jersey - 100% cotton knitted fabric (sample 1) 

 

 

 
(a) 

 
(b) 

Figure 3 Experimental results of capillary rise: (a) water height evolution (b) water absorbed mass evolution 

 

In this work, experimental data of water capillary rise 
into knitted fabrics will be analyzed directly 
by the Linear Logarithmic Model (LLM), which is 
the simplified linear form of the DEM, given by 
the following equation:  

    Kt-h Lnhh Ln ltheoretica e,terimentalexp,e   (8) 

The results of the linear fitting curves of experimental 
data of capillary rise in five different knitted fabrics 
are listed in Table 2. The high values of R-square 
(>0.97) presented in the table indicate 
that the experimental data of knitted fabrics were well 

correlated with the LLM equation. Even, 
the theoretical values of maximum reachable height 
he, theoretical were approximately equal to those found 
experimentally. So, we can confirm that the rapid 
step is negligible in comparison with the slow step 
also for capillary rise on knitted fabrics.  

It is clear from experimental and theoretical results 
presented in Figure 3(a) and Table 2 
that the diffusion parameter of water sorption is 
influenced by knitted fabric structure, composition 
and yarns properties. 

 

Table 2 LLM fitting parameters and R-square coefficients for the tested sample 

Sample N° he, experimental [cm] he, theoretical [cm] K [min-1] R-Square 

1 12.19 12.46 0.0012 0.9713 
2 13.67 11.65 0.0017 0.9845 
3 12.03 11.64 0.0013 0.9903 
4 12.56 12.89 0.0016 0.9759 
5 9.22 9.35 0.0010 0.9838 

 

0 s 300 s 620 s 1020 s 1680 s 2280 s 4590 s 
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We note that the capillary kinetic coefficients K [min
-1

] 
of the cotton/polyester fabric (sample 2) are greater 
than that of 100% cotton fabric (sample 1). And 
the highest maximum height attained by the water 
was detected for the cotton/polyester knitted fabric. 
This is explained by the fact that the polyester is 
a synthetic fiber which its crystallinity is very 
important (80-90%), its micro pores occupy a smaller 
volume which leads to a poor sorption ability and 
promote the capillary rise of water. However, cotton 
fiber has a great number of amorphous regions, 
where water molecules can penetrate and be very 
well linked to the hydroxyl groups. Consequently, 
it has better sorption ability than the blended 
polyester fiber.  

We observe also that diffusion parameter of rib knit 
(sample 3) is more important than the diffusion 
parameter of jersey fabric (sample 1). In fact, we 
note that rib fabric contains more quantities of cotton 
per centimeter than jersey fabric knowing that it is 
knitted on both needle beds of knitting machines. 
But, water maximum height reached in this 
complicated structure is not important.  

Concerning the effect of the couliering depth, 
according to Figure 3(a) and Table 2, it is shown 
that diffusion parameters and he values of samples 5 
are less important than those of sample 1. Water 
diffuses more rapidly into the less tightened knitted 
fabric (sample 1). Indeed, when couliering depth 
value decreases, the fabric is, then, tighter, 
the number of stitches per centimeter of the fabric 
increases and pores between loops become smaller. 
Consequently, liquid rises slowly and with difficulty. 
Moreover, an increasing of the stitches number per 
centimeter causes the rise of the material amount 
used for knitting per centimeter which leads to good 
sorption ability.  

It can also be seen that capillary rise of water 
is influenced by the type of yarn spinning. In fact, 
open-end yarn is considered a hollow yarn, like 
cylinders, as seen that the fibers constituting are 
subjected to a very fast rotation. This increases 
the fabric meso porosity and explains the high values 
of capillary kinetic coefficient K and the maximum 
reached height he of sample 4 than those of sample 
1 made out carded yarns which are characterized by 
their good cohesion between fibers.  

Analysis of Sorption Ability using LLM Equation 

As soon as it has been explained previously, 
capillary rise of water on knitted fabric is strongly 
influenced by the sorption ability of samples. So, 
the second goal of this study is to calculate total 
sorption ability values SAT for all knitted fabrics. 
That can provide information about the sum 
of macro, meso and micro pores. In fact, from 
the knowledge of the mass of water absorbed by 
knits at equilibrium me, the total sorption ability 
SAT of knitted fabric is given by the following 
equations [24]: 

 FFFw

e

v

v
T

TWL

m

F

W
SA





 (9) 

where Wv is the total water volume, Fv is the fabric 
volume, w [g/cm

3
] is the density of water, LF, WF and 

TF are respectively the length, the width and 
the thickness of fabric.  

However, it is shown, previously, that pores intervene 
at different times of the capillary rise depending on 
their size. That’s why, we propose to determine 
the evolution of water sorption ability SAt of knitted 
fabrics versus time using the water absorbed mass 
mt as function of time (every 30 s), (Fig. 3(b)): 

 FFFw

t
t

TWL

m
SA





 (10) 

The results of the experimental data are reported in 
Figure 4, which shows the evolution of the textiles 
sorption ability versus time. Using the linear form 
of DEM (equation 6), sorption ability SAT equation 
can be expressed as:  

 
 FFFw

ee
t

TWL
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
 (11) 

 

 

Figure 4 Experimental data of sorption ability 
of the sample 1 and 2 versus time 

 

Using equation 9, SAt equation takes the following 
form: 

 Ktexp.SASASA TTt   (12) 

Then, it can be rearranged in the linear logarithmic 
form as shown below:  

  KtSA LnSASA Ln TtT   (13) 

Experimental quantities of absorbed water 
at equilibrium (saturation of the fabric) by all 
the knitted samples and experimental values of their 
total sorption ability SAT,exp are presented in Table 3.  
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Table 3 Influence of fabric characteristics on linear logarithmic model (LLM) parameters 

Sample me [g] W.(LF.WF.TF) [g] SAT,exp [%] SAT,the [%] K [min-1] R-Square 

1 19.81 119.40 16.65 14.82 0.0008 0.9877 
2 14.68 127.80 11.49 9.77 0.0013 0.9909 
3 24.49 171.00 14.32 13.64 0.0004 0.8974 
4 18.81 121.80 15.44 15.04 0.0010 0.9837 
5 20.75 139.80 14.84 13.29 0.0003 0.9897 

 

In addition, the best fit model parameters (total 
sorption ability SAT,the and sorption kinetic coefficient 
K corresponding to the higher determination 
coefficient R

2
 of the LLM fitting curves 

of experimental kinetic sorption were determined and 
regrouped in Table 3. 

Based on the high values of R
2
 for all cases as 

shown in Table 3, we conclude that experimental 
data of sorption kinetic are well correlated to 
the linear model equation. In fact, it can be seen 
that experimental and theoretical values of sorption 
ability, respectively, SAT,exp and SAT,the are very close. 
In addition, it is clearly visible that kinetic of water 
sorption is influenced by the construction 
parameters, the composition of fabrics materials and 
their yarn properties. 

Influence of fabric composition  

Experimental and theoretical results presented in 
Table 3 confirm that sorption ability of 100% cotton 
knitted fabric (sample1) is greater 
than that of the blended Cotton/Polyester (sample 2). 
However, it can be seen that blending cotton with 
polyester fibers improves the fabric sorption kinetic 
coefficient K. In fact, because of its hydrophobic 
character, the water does not penetrate into 
the polyester fiber pores and continue the capillary 
progression through the other vacant pores. 
Nevertheless, cotton fiber has more available 
hydroxyl groups in its amorphous regions which are 
capable to bind more water molecules. That explains 
its best sorption ability. 

Influence of fabric structural parameters  

Comparing the sorption ability values of samples 1, 3 
and 5, we observe that, as knitted structure is more 
tightened (sample 5) and more complicated (sample 
3), the sorption ability of the fabric is less important. 
In fact, as the couliering depth value increases and 
the stitches number per centimeter is more 
important, macro porosity of the knitted structure 
raises. As a consequence, sample 1 presents 
the best sorption kinetic coefficient K and the total 
sorption ability SAT. 

Influence of yarn spinning type 

Experimental and theoretical results show 
that capillary sorption kinetic of water on knitted 
fabric is influenced by the type of yarn spinning: In 
fact, the SAT of sample 4 made out of open-end 
yarns has the most important SAT theoretical values 
and the higher diffusion parameter than those 
of sample 1 made out of carded yarns. In fact, by 

changing the cotton carded yarn with cotton open-
end yarns, we increase the fabric mesopores rate. As 
a consequence, the total absorbed water volume 
improves.  

4 CONCLUSION 

Along this study, mathematical model was 
established and has been demonstrated to be 
satisfactory describing the water capillary rise and 
the sorption ability of knitted fabrics. In fact, 
the experimental data have been interpreted using 
the linear logarithmic model (LLM) and have 
analyzed in terms of diffusion parameter, maximum 
reached height and total sorption ability.  

We conclude that capillary height at equilibrium he 
and capillary kinetics coefficient K of raised water on 
knitted fabrics are influenced by the size of the pores 
responsible for water molecules migration. Indeed, 
we found that the blended fabric with hydrophobic 
synthetic fibers (polyester) and the knit made out with 
open-end yarns have the best wickability due to their 
poor sorption abilities SAT. However, the water rises 
with difficulty through the more tightened sample and 
the more complicated structure (Rib 1&1) which have 
low sorption ability values.  

We conclude that the fabric sorption ability 
SAT can be affected by the way of the arrangement 
of fibers or yarns in the knitted fabric.  
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Abstract: The objective of the paper is to describe an alternative method based on electrochemistry to 
bleach cotton fabrics. Electrolysis of cotton fabrics soaked in proper electrolyte as a bleaching technology 
has been studied in this work. Some experiments have been conducted by applying this technique to see 
the whiteness index effect on fabric cotton. The duration of every experiment was two hours, and it has 
been applied different currents to study the whiteness index, as well as wetting agent has been used. 
Once the optimal conditions have been established, a treatment with reuse of the electrolyte and wetting 
agent has been carried out and six samples have been analysed in these conditions. It has been observed 
how the cotton fabric was bleaching with the same electrolyte and the whiteness index was similar every 
time and better than the conventional treatment. In addition, resistance and surface morphology did not 
present any noticeable weakness at fabrics submitted to electrolysis  

Keywords: electrobleaching, whiteness index, cotton fabrics, sodium hypochlorite. 

 

 

1 INTRODUCTION 

Raw cotton fibers contain a certain amount 
of natural non cellulosic impurities, such as proteins, 
wax, fats, pectins hemicelluloses and mineral 
matter, distributed on their peripheral layers, either 
the cuticle or the primary wall. In addition to these 
non cellulose components, raw fibers also contain 
some colouring matter of uncertain and complex 
chemical composition that confers a typical 
yellowish-brown colour. All these components 
render the cotton fibers hydrophobic and impair 
effective and uniform dyeability and successful 
processing into finished apparels. 

To avoid the unwanted effects of non-cellulosic 
constituents, they are removed in a series of pre-
treatment or preparation steps prior to 
the application of further finishing steps like dyeing 
or printing. One of the central operations 
in preparation treatments of raw cotton fabrics 
is bleaching. Conventional techniques for bleaching 
of cotton are based on oxidative processes. One 
of them, which was developed long time ago, 
is chlorine bleaching. This process consists 
of a batch or pad immersion of the fabric 
in a solution containing sodium hypochlorite or other 
oxidizing chlorine compound. This technique has 
several advantages, like low chemical costs and no 
heating costs, because it works an ambient 
temperature. However, it has several disadvantages 
because it requires the transport, storage and 
handling of hazardous, unstable chemicals and 

hence it poses stringent industrial safety and risk 
prevention concerns. 

Electrobleaching is based on the application of a DC 
voltage between two electrodes in 
an electrochemical cell to enable the passage 
of a DC current through an ion conducting medium 
(the electrolyte) that separates the electrodes. 
Electrochemical technologies show a unique 
combination of advantageous features because they 
can be conveniently operated in situ with 
inexpensive equipment, at ambient temperature and 
pressure, with low energy consumption and short 
time requirements, just by using electrons 
as the only reagent or driving force [1]. Moreover, 
these technologies can be advantageously 
connected and supplied with renewable energies. 
In the present study, the electrochemical system 
is devised to electrogenerate the desired oxidants 
in situ to address more controlled oxidation reactions 
(indirect electro-oxidation) with high efficiency [2]. 
As a result, bleaching can be performed without 
adding oxidants, avoiding their transportation, 
handling, storage and the generation and 
management of additional by-products.  

The potential application of electrochemical 
techniques for bleaching fabrics has been reported 
by Kokot et al. [3] and Fukatsu et al. [4] who 
analysed bleaching and structural damage in cotton 
fibers electrolysed using Pt electrodes in alkaline 
solutions containing Na2SO4. The effect was 
attributed to the formation of hydroxyl radicals 

mailto:fevipe@doctor.upv.es
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