Assemgul Burkitbay,

Bizhamal Raimovna Taussarova,
Aiken Zhumatayevna Kutzhanova,
Saule Maratovna Rakhimova*

Technology of Textile Production Department,
Almaty Technological University,

Almaty, Kazakhstan
E-mail: semsk_84@mail.ru

2 Introduction

Conditions of cellulose textile manufac-
turing and operation presuppose contact
with microorganisms, therefore there
is a risk of textile biological deteriora-
tion. Microorganism activity can result
in the deterioration of the appearance of
products, spotting, odour issues, strength
reduction and finally in loss of aesthetic
characteristics and performance prop-
erties. According to the data published
above, 40% of total losses of textile in
the course of processing, storage and op-
eration is due to biological deterioration.
An Increase in the resistance of textiles to
such effects will not only extend the ser-
vice life of fabrics but make them practi-
cally indispensable for specific operating
conditions.

Finishing, the process of coating textile
with various high-molecular compounds
in the form of solutions, emulsions or la-
texes, is one of the most radical ways to
achieve these objectives.

Development of a Polymeric Composition
for Antimicrobial Finish of Cotton Fabrics

Abstract

This article considers the development of a new polymeric composition on the basis of
polyvinyl pyrrolidone, silver ion solution and benzoic acid for the antimicrobial finishing
of cotton fabrics. The advantages of the application of a new composition on the basis of
polyvinyl pyrrolidone, silver ion solution and benzoic acid include the availability of the
material s use, as well as the simplicity of the technological process: finishing may be per-
formed with any tenter drier aggregated with a padding machine and combining the drying
process and thermal treatment. The newly developed efficient composite formulation for
biocidal finishing of cotton fabrics is comparatively inexpensive, environmentally safe, and
resistant to wet treatment. Its application offers opportunities of manufacturing of a wide
range of competitive, environmentally compatible, and biologically stable cellulose textiles
with various textures and various fabric weights. As a result of the study it has been found
out that cotton fabrics finished with the composition on the basis of polyvinyl pyrrolidone,
silver ion solution and benzoic acid have advanced antimicrobial characteristics prevent-
ing fouling with mould fungi and are not deteriorated by microorganisms under operational
conditions.
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on human skin, as well as retention of an-  Basic substances
tibacterial properties of the products over
the longest possible useful life period
under the conditions of repeated washing

[1-6].

Polyvinyl pyrrolidone (PVP) — is a white
coloured amorphous polymer with a lin-
ear structure; its molecular weight ranges
from a few hundred to several hundred
thousand depending on the conditions of
preparation; it is easily soluble in water
and in most organic solvents, and is in-
soluble in ether, aliphatic and alicyclic
hydrocarbons. Polyvinyl pyrrolidone is
compatible with many synthetic and nat-
ural resins as well as plasticising agents.

In this context, the objective of research
involved search for a technology of bio-
logically protective finishing the cotton
fabrics by means of the substances safe
for human’s health, able to form chemi-
cal bonds between each other and with
cellulose of fibres.

Silver (Ag) — is a white metal remaining
almost unchanged when exposed to air at
room temperature; however, because of
the presence of hydrogen sulfide in the

Research subjects and
methods

Research subjects

The subject of the research carried out
within this work was cotton fabric of
the coarse calico group, article number
03S7-BCH484.

Structural characterisation of the cotton
fabric is shown in Table 1.

Table 1. Structural characteristics of cotton
fabric.

air in the course of time it becomes cov-
ered with a dark silver sulphide coating.

The bactericidal properties of silver have
been known since ancient times. As a
result of the study of silver bactericidal
properties it has been found that a cru-
cial role is played by positively charged
silver ions Ag*. The intensity of silver
ionisation increases in aqueous solutions.
Silver cations inhibit the activity of the
enzyme, which provides oxygen ex-

However, the problem of the production Fabric width, cm 150 + 2 change in the simplest microorganisms:
of textiles with antimicrobial character- Fabric weight, g/m?2 1427 pathogenic bacteria, viruses and fungi
istics with the retention of their natural Number of fibres in 10 cm (about 700 species of pathogenic “flora”
. . 2615 113 29
pFopertles by means of accessible anfi en- ag;tp 229 ; 7 and “fauna”).
vironmentally compatible technologies is Breaking load of strip 50x200 mm, N o . .
not completely solved yet. warp 32 Benzoic acid (BA) — is an organic com-
weft 37 pound containing the carboxyl group

Besides, the well-known technologies \;Veba?/ed. . S Plain (COOH). The hydroxyl group in the car-
of biocidal finishing do not always meet Wit Tria;mz:ts '22 S measured afier quy_l causes it§ acidic nature._ Benzoic
the basic requirements for antimicrobial warp 5.0 acid is a crystalline substance with a pun-
polymeric coatings, such irritant effect weft 20 gent odour, soluble in water.
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Experiment procedure

Prior to the experiment, unfinished
bleached cotton fabric was washed in
distilled water in order to remove resi-
dues of the bleaching bath. In order to ac-
curately determine the weight, the sam-
ple was conditioned in an exiccator over
dehydrated CaCl, after drying.

Upon determination of the true weight
with the help of an analytical balance, the
sample of cotton fabric with dimensions
of 200 x 200 mm was impregnated with
an aqueous solution of polymer compo-
sition in a laboratory twin-shaft padding
machine with 90% extraction, and drying
and heat treatment was performed on a
spiked frame in an oven with a tempera-
ture controller. Heat treatment was car-
ried out at 145 °C for 2 minutes. After
drying and heat treatment the sample
was washed with distilled water and then
dried at room temperature [7 - §].

Research methods

Antimicrobial characteristics of the cot-
ton fabrics were checked by means of
a microbiological resistance laboratory
test (GOST 9.060-75). The method con-
sists in prolonged exposure of finished or
original fabric samples to a natural soil
microflora complex by applying it on the
surface of the fabric under certain condi-
tions, and in consequent determination of
its resistance to microbial destruction (P).
According to GOST 9.060-75, a fibre
shall be considered resistant to microbio-
logical deterioration when P > 80%.

The microbiological deterioration resist-
ance factor (P) in percents is calculated
by the formula:

P=Brx100/Bg (1)

where Bt — is the breaking load of the
strip tested in g; Bg — is the breaking load
of the reference strip in g.

Microbiological studies were also con-
ducted according to GOST 9.048-89.
The method consists in the infection of
decontaminated samples with water sus-
pension of fungal spores (Aspergillus ni-
ger, Pennicillium brevi and Trichoderma
viride according to GOST 9.802 — 84),
which are then kept in conditions optimal
for their incubation over 28 days.

A strip-breaking machine - RT-250M was
used to determine the characteristics by
the strip-method (GOST 3813-72).
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Air permeability was determined by
means of a VPTM-2 instrument accord-
ing to GOST 12088-77.

Air permeability in dm3/m2xsec for each
point sample is calculated by the formula:

Q = (V,yx10000)/S, 2)

where V,, — is the average air consump-
tion for one point sample in dm3/sec;
S — is the finished area in cm?2.

Interaction of the composition with the
cellulose macromolecule was studied us-
ing an IR-spectrograph.

The surface and structure of the finished
samples was examined by scanning elec-
tron microscope - JSM-6490LA, made in
Japan.

Software packages (PPP) STATISTICA
6.0 and Excel were used to determine

optimal conditions of the technological
process.

@ Results

Studies on the use of polyvinyl pyrro-
lidone (PVP) in combination with solu-
tion of silver ions and benzoic acid for
the finishing of cotton fabrics to add an-
timicrobial characteristics to them were
carried out within the framework of the
research work.

A preliminary study of the literature on
the use of polyvinyl pyrrolidone and sil-
ver ions in various industries as different
agents allowed us to suggest the possibil-
ity of using them as components of a fin-
ishing agent [9 - 13].

Basing on preliminary experiment results
the concentration of PVP varied from 4
to 8 g/l, silver ion solution (SI) from 50
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Figure 1. Graphic of the index of resistance to microbiological distraction of cotton
fabrics treated with an antimicrobial finish; 1) untreated fabric, 2) fabric finished with
“Sanitised”(concentration of “Sanitised” — 2 g/l), 3) fabric finished with composition of
PVP with benzoic acid and copper sulphate (concentration of PVP — 8 g/, BA - 2 g/I, cop-
per sulphate — 2.5 g/l ), 4) fabric finished with composition of PVP with benzoic acid and
silver ion solution (concentration of PVP— 8 g/l, BA— 5 g/I, SI— 100 ml/l), 5) fabric finished
with composition of PVP, BA and silver ion solution after 5 washings (concentration of

PVP-8g/l, BA-5 g/, SI - 100 ml/l).

Table 2. Indicators of strength and bioresistance of cotton fabric

Concentration of components

Composition

No. PVP, g/l ioﬁgjlﬁ:m Eii'éz,‘;'ﬁ
1 8 100 5
2 4 100 5
3 8 50 1
4 4 50 5
5 8 100 1
6 4 100 1
7 8 50 5
8 4 50 1
Unfinished i} i
fabric

Resistance to
microbiological
deterioration, P, %

Breaking load (prior to
biodeterioration/after
biodeterioration, N

374/323 92.8
370/315 90.6
370/302 86.8
342/281 81
389/311 89.6
352/295 84.8
331/294 84.6
332/278 80
348/261 75
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Figure 2. Pictures of fungoid growth on the surface of cotton fabrics.

to 100 ml/l, and the concentration of ben-
zoic acid (BA) ranged from 1 to 5 g/I.

Strength values were evaluated on the
basis of the breaking load, determined
by means of the strip-breaking machine
RT-250, and are presented in Table 2.

Figure 1 and Table 2 demonstrate that
the resistance of the finished fabric to
microbiological degradation compared to
the untreated fabric is 1.3 times higher,
which is proved by the 92.8% increase
in this figure. In this case, treatment with
the composition for antimicrobial finish
presented was carried out at the follow-
ing concentrations: 8 g/l for polyvinyl
pyrrolidone, 100 ml/1 for silver ions, and
5 g/l for benzoic acid.
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Figure 3. IR spectra of samples of cotton fabric both untreated (a) and treated (b) with composition proposed.
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Antimicrobial properties of cotton fabric
treated with the composition presented
after 5 washings decrease by only 3%.
The biological stability factor of the fab-
ric finished with the composition based
on PVP with benzoic acid and copper
sulfate, as well as with the preparation
”Sanitised”, used for the antimicrobial
finishing of cellulose textiles, is 95% and
90%, respectively.

In addition, microbiological studies were
conducted according to GOST 9.048-89.
Fabric fungus resistance tests were car-
ried out in the following procedure. The
surface of the finished and reference fab-
ric samples was covered with water spore
suspension of three fungi cultures (A4s-
pergillus niger, Pennicillium brevi and
Trichoderma viride) according to GOST
9.802 - 84. The results showed that As-
pergillus niger fungoid growth was ob-
served in the untreated control sample of
fabric after 5 days. The intensity of the
germination of the fungus was scored
5 points (the naked eye can clearly see
the development of fungi, covering more
than 25% of the test surface). In the rest
of samples tested no fungoid growth
was observed. The outbreak of all fungi
was observed in all control samples af-
ter 28 days (Figure 2). The growth of
fungi Aspergillus niger and Pennicil-
lium brevi in the control samples was
scored 5 points, and Trichoderma viride
- 4 points (the naked eye can clearly see
the development of fungi, covering at
least 25% of the surface tested), and no
outbreak of the fungi tested was observed
on the surface of the finished fabric.

As is known, textile finishing with a pol-
ymer composition may lead to changes in
permeability properties of the fabric. In
this regard, air permeability factors were
determined for different fabric samples.
The air permeability factor of the cot-
ton fabrics finished with the composition
based on polyvinyl pyrrolidone, silver
ion solution and benzoic acid ranges from
155 to 159 dm3/m2 x sec, and for the
reference fabric it is 162 dm3/m2 x sec.
The air permeability factors of the cotton
fabric, treated with the above composi-
tion are consistent with regulatory re-
quirements for this group of fabrics.

The data published indicate the tendency
of polyvinyl pyrrolidone to form com-
plexes with metal salts and other com-
pounds. In this regard, IR spectra of the
samples of reference and finished fabrics
were examined to clarify the interaction
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Figure 4. Electron micrographs of cotton fabrics after biodegradation: a, b, untreated

fabric, ¢ - fabric treated with PVP, benzoic acid and a solution of silver ions.

Table 3. Intervals and varying levels of input factors

Factors
natural coded | -1,682 -1
Concentration of PVP, g/l Xq 2,64 4
Concentration of Sl,g/| Xo 33 50
Concentration of BA, g/I X3 - 0

of components in the composition (Fig-
ure 3). In the spectrum of the sample
finished with PVP in combination with
benzoic acid and solution of silver ions
there were new absorption bands in the
frequency range 1242 to 1269 cm-!, char-
acteristic of CN group valence vibration,
as well as in the frequency ranges 1425
to 1650 cm-! and 1593 to 1662 cm-l,
corresponding to variations of aromatic
rings; bonds 2927 - 2963 cm-l, corre-
sponding to variations of CH, groups and
3017 - 3083 cm-l, corresponding to vari-
ations of CH groups. In the frequency
range of 2800 - 3500 cm-! there are new
absorption band, showing an increase
in the number of valence vibrations of
CH- and OH- groups. The band in the
area of frequency of 3250 - 3300 cm-! is
indicative of the formation of a complex
of silver with PVP - the carbonyl group
of benzoic acid. IR spectra data confirm
the formation of a complex between the
components of the finishing composition.

The fabric samples were also examined
with the help of a scanning electron mi-
croscope. As seen in Figure 4, the de-
struction of the fabric treated with the
composition caused by biological degra-
dation is less than that of the untreated
sample.

The effects of the technological param-
eters of new compositions for cotton fab-
ric finishing on its biological resistance
were studied using mathematical mod-
eling.

To simulate the regression of the cotton
fabric antimicrobial finishing process, the

Varying levels

Interval of varying

0 +1 +1,682 0
6 8 9,36 2
75 100 117 25
3 5 6,36 2

rotatable second-order plan (Box Plan),
where the number of factors is K = 3
and that of experiments is 20, was used.

To simulate the regression process an-
timicrobial finishing of cotton fabrics,
the rotatable second-order plan was used
(Plan Box).

The input factors in the study of the anti-
microbial finishing of cotton fabrics were
as follows: x; — is the concentration of
polyvinyl pyrrolidone in g/1; x, — the con-
centration of silver ion solution in ml/I; x;3
— the concentration of benzoic acid in g/1.
Output indicator U is the coefficient of re-
sistance to microbial degradation, P in %.
Intervals and varying levels of input fac-
tors are shown in Table 3.

As a result of the computer software ap-
plication, regression models for substan-
tiation of the fabric treatment parameters
for the antimicrobial finish were ob-
tained:

y=9335+1.717x;+3.519x, +
+2.515x3+0.725 x; x5-0.175 x; x3 +
-0.425xpx3- 1.167 x;2-3.672 x,2 +
-2.649 x32

The regression equation for natural val-
ues of the factors after independent vari-
able decoding is as follows:

P=28.17+3.41-PVP+0.961-SI +
+3.132:‘BA+0.014- PVP- SI +
—0.044- PVP- BA - 0.009- SI- BA +
—0.292- PVP2-0.006- SI2+
—0.662- BA2

The multiple regression equations above
demonstrate that the optimisation cri-
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Figure 5. Diagrams of the dependence between
cotton fabrics biological stability and composition
components concentration, a) y = f(xj, x2), x3 =0,
b)y =flxp, x3), x2=0,¢) y = f{x2, x3), x; = 0.

terion U has a significant effect on the
concentration of components in the com-
position.

The three-dimensional graphics shown in
Figure 5 have been constructed to pro-
vide a clearer understanding of interrela-
tions between the cotton fabric biological
resistance indexes and composition for-
mulation.

There is an optimum range of the concen-
tration of PVP and benzoic acid when it
is possible to maximise the biological re-
sistance of cellulose textiles. The follow-
ing optimal concentrations of the compo-
sition components are recommended for
the antimicrobial finishing of cotton fab-
rics (Figure 3): PVP) 7.4 — 7.8 g/l, silver
ions) 93 ml/l, benzoic acid) 4 g/1.

M Conclusions

A composition consisting of polyvinyl
pyrrolidone, silver ion solution and ben-
zoic acid for the antimicrobial finishing
of cotton fabrics was developed. The
physico-mechanical and antimicrobial
characteristics of the finished fabrics
were examined using different methods
of laboratory tests.
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It was found that the biodegradation re-
sistance of the finished fabric is 1.3 times
higher than that of untreated ones, which
is proven by the 92.8% increase in this
indicator.

In addition, microbiological studies re-
vealed that the finished fabric demon-
strates no fungoid growth (Aspergillus
niger, Pennicillium brevi and Trichoder-
ma viride).

IR spectroscopic studies revealed that
the antimicrobial finish makes possible
the formation of a complex between cel-
lulose, metal ions (Ag™) and PVP, which
provides an increase in the strength of the
bond between the composite and fibre.

The morphological structure of cotton
fibres finished with the composition dis-
cussed was studied. It was demonstrated
that in the case of the antimicrobial fin-
ish, the surface of fibre not treated with
the bactericidal composition is covered
by mould fungi, which is not found in the
treated fibre.

The technological parameters for cotton
fabric finishing were developed using
the application of a software package.

The following optimal concentrations of
the composition components are recom-
mended for the antimicrobial finishing of
cotton fabrics: PVP) 7.4 — 7.8 g/l, silver
ions) 93 ml/l, and benzoic acid) 4 g/1.

Thus it was found that cotton fabrics
finished with the composition based on
polyvinyl pyrrolidone, silver ion solution
and benzoic acid have advanced antimi-
crobial characteristics preventing fouling
with mould fungi and are not deteriorated
by microorganisms under operation con-

ditions.
|

Acknowledgements

The authors wish to express their gratitude to
the Institute of Microbiology and Virology of
the Ministry of Education and Science of the
Republic of Kazakhstan for its help in carrying
out experiments.

References

1. Krichevski GE. Chemical Technology of
textile materials (in Russian). Moscow:
Rossiiskiy zaochnyi institut tekstilnoy i
lyogkoy promyshlennosti 2001; 3: 298.

FIBRES & TEXTILES in Eastern Europe 2014, Vol. 22, No. 2(104)



10.

1.

12.

13.

Makarova NA, Buzov BA, Mishakov VY,
Zametta BV. Modern anti-microbial ma-
terials on textile carriers (in Russian).
Tekstilnaya promyshlennost 2002; 2:
32-33.

Kasiyanenko V. Antimicrobial textile —
from Microban to DuPont (in Russian).
Legprom. Bizness-Direktor 2004; 1: 35.
Razuvayev AV. Ecological compatibility
and safety of biocidal finishing of textile
materials in accordance with the re-
quirements of OEKO-TEX 100 standard
(in Russian). Tekstilnaya promyshlen-
nost 2011; 4: 15-19.

Kolesnikov NV, Veselova 1V, Kho-
zova LM. Antimicrobial knitted fabric
for highly comfortable underwear and
sports goods. Tekstilnaya promyshlen-
nost 2010; 5: 48-49.

Kiselyova AY, Shushina IA, Kozlova OV,
Telegin FY. Bactericidal textile materials
based on biologically active materials
and nanosilver (in Russian). /zvestiya
vyshyh uchebnyh zavedeniy. Tekh-
nologiya legkoy promyshlennosti 2011,
12: 110-112.

Buzov BA, Alymenkova ND, Petropav-
lovsky DG. Workshop book on mate-
rial science of garment production (in
Russian). Moscow: Publishing center
Akademiya, 2003: 149-152.

Basic laboratory training on chemical
technology of fibrous materials edited by
Bulusheva NY. (in Russian). Moscow.:
Publishing center Akademiya, 2000, p.
421.

Berestnyov VA, Flekser LA, Lukyano-
va LM. Macrostructure of fibers and
filaments, their features of destruction.
Moscow: Lyogkaya i pischevaya promy-
shlennost, 1982, p. 248.

Pat. 2015233 RF. Antimicrobial cellu-
lose fiber material (in Russian). Yuma-
shev NV, Zhivetin VV, Vasina AF, Orlik
IB, Panov VP. Published 30.06.94, Bull.
Ne 27/2000. — 2 with ill.

Burkitbay A. Research of the process of
antimicrobial finishing of cotton fabrics
using the compositions of polyvinylpyr-
rolidone, benzoic acid and copper sul-
fate. Vestnik KazGASA 2008; 1, 27: 139
—142.

Innovative patent Ne 20162 of the Re-
public of Kazakhstan. Method of antimi-
crobial finishing of cellulosic textile ma-
terial. Taussarova BR, Kutzhanova AZh,
Burkitbay A, Mametekov TK. Published.
15.10.2008, Bull. Ne 10. — 3 withill.
Taussarova BR, Kutzhanova AZh, Bur-
kitbay A, Badanova AK. Finishing of
cotton fabric by composite composition
to ensure the safety and reliability. In:
International Scientific And Research
Conference: Bezopasnost | Kachestvo
Potrebitelskih  Tovarov: Sostoyaniye,
Problemy | Perspektivy (in Russian).
Bishkek. May 17, 2012, pp.158-160.

Received 22.10.2012 Reviewed 18.06.2013

FIBRES & TEXTILES in Eastern Europe 2014, Vol. 22, No. 2(104)

INSTITUTE OF BIOPOLYMERS
AND CHEMICAL FIBRES

LABORATORY OF ENVIRONMENTAL PROTECTION

The Laboratory works and specialises in three fundamental fields:
R&D activities:
research works on new technology and techniques, particularly envi-
ronmental protection;
evaluation and improvement of technology used in domestic mills;
development of new research and analytical methods;

research services (measurements and analytical tests) in the field of en-
vironmental protection, especially monitoring the emission of pollutants;

seminar and training activity concerning methods of instrumental
analysis, especially the analysis of water and wastewater, chemicals
used in paper production, and environmental protection in the paper-
making industry.

Since 2004 Laboratory has had the accredi-
tation of the Polish Centre for Accreditation
No. AB 551, confirming that the Laboratory > —-3

- "’-//;\\\“\" %’
meets the requirements of Standard PN-EN Tl .
ISO/IEC 17025:2005. AB 388

BLann CruTeem

Investigations in the field of environmental protection technology:
Research and development of waste water treatment technology, the
treatment technology and abatement of gaseous emissions, and the
utilisation and reuse of solid waste,

Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

Working out and adapting analytical methods for testing the content of
pollutants and trace concentrations of toxic compounds in waste water,
gaseous emissions, solid waste and products of the paper-making indus-
try,

Monitoring ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses most frequently carried out:
Global water & waste water pollution factors: COD, BOD, TOC, suspend-
ed solid (TSS), tot-N, tot-P
Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
Organic sulphur compounds (AOS, TS)
Resin and chlororesin acids
Saturated and unsaturated fatty acids
Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
Tetrachlorophenol, Pentachlorophenol (PCP)
Hexachlorocyclohexane (lindane)
Aromatic and polyaromatic hydrocarbons
Benzene, Hexachlorobenzene

Phthalates Polychloro-Biphenyls (PCB)

Carbohydrates Glyoxal

Glycols Tin organic compounds
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ul. M. Sktodowskiej-Curie 19/27, 90-570 £.6dz, Poland
Matgorzata Michniewicz Ph. D.,
tel. (+48 42) 638 03 31, e-mail: michniewicz@ibwch.lodz.pl
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