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Antimicrobial finishing is increasingly used for n@us purposes in textile products. Therefore,sitimportant to
determine whether the antimicrobial finish changasfort properties (air permeability, water absiompt etc.) of knits.
The objective of this research was to establishirtfigence of antimicrobial treatment conditionsainpermeability and
water absorption properties of plain plated knfise investigations were carried out with three goof single plain
plated knits. The ground and plating yarns of lugraf knits is pure fiber cotton, man-made bamlmmyester. The
ground yarns of Il and Il groups of knits are aclogly polyamide and elastane threads. The platargs in mentioned
groups are the same as in | group — cotton, marerbaghboo, polyester yarns. Part of the knits ofgedlups were
treated in an antimicrobial solution of iSys AG asrdanic-inorganic binder iSys MTX (CHT, Germany)veall as the
other part of the knits were treated in the sanmalitions as treated in antimicrobial solution, heer an antimicrobial
material and binder were not used. It was estaddighat air permeability of investigated knits ofgaah insignificant by
regardless of whether reagents providing an antobial effect were used or not used in finishinggass. This means
that the chemical substance used for antimicrdliihing do not worsens an air permeability oftknMeanwhile, the
water absorption of antimicrobial treated knits wsgnificantly (44 %-91 %, according to fiber composition of
investigated knits) lower than of blank treatedt&nbecause the organic-inorganic binder, used tmamobial
treatment, forms the sol-gel layer on the surfddéer.

Keywords antimicrobial treatment, air permeability, watesaiption, plain plated knit.

1. INTRODUCTION and quality deterioration [7, 8]. In order to prevegrowth
of microorganisms and to ensure the protectionurhidn
hygiene, the antimicrobial finish are becoming more
frequent applies not only in the medical field, llgo for

Textile materials and clothing play an importarierio
every day human’s life. Increasing demands for aotmf

aesthetic, functional and protective textile prdduwith sports and outdoor clothing, hosiery, footwear, Bom
different properties causes the development of a@d (ayiiles etc.

contemporary techniques for processing and designin  antimicrobial finish on textiles allow to controhe

textik_es [1, 2]. The wear comfort is impqrtant Jtalve growth of microorganisms, such as bacteria, fumgl &
criterion that affects performance, efficiency anell- prevent deterioration of strength and quality, rsta,
being of human [3]. . _ odours, and health concerns caused by microorgar&m
Comfort includes three main aspects: thermoThere are many ways to control microbial growth on
physiological, sensorial and psychological [4]. Above ieyiiles such as incorporating antimicrobial ageimt®
requirements are particularly important for spod active  pres during the spinning process by coating aadding.
leisure clothing comfort and also for athle’tes gl Ajso antimicrobial agents can be applied to thetilex
_hyglene. It is important, tp ma|nta|r_1 _humans b_(n_ﬂable substrates by exhaust, pad-dry-cure, coating, spray
internal temperature during exercising or activisug o3 techniques [10]. A well-known technique foxttie
workout. The body releases sweat while coolinglfitse yqdification is the sol-gel method. The sol-gel qess
therefore in order to feel comfortable the clothimve to  5j10ws the production of inorganic polymer coatingith
absorb sweat and let them to evaporate out [3f 8jveat  gmpedded inorganic (g. Ag, Cu or boric acid) or organic
is not fully evaporated it creates favourable ctiads for  pigcides [11]. Nano-silver particles have an exehm
bacterial growth, the clothing and skin remain eda@nd  |5ge specific surface area, thus increase theiface
person feels discomfort. For this reason, the iager of  coniact with bacteria and fungi and vastly imprakeir
sports and active leisure wear usually is knittetd Opactericidal and fungicidal effectiveness [12]. Tganic-

synthetic fibers such as PES, PA, PP, while extdayar  jnorganic binder is used together with nanopasiots
consists of natural or man-made fibers, such a®mot ,atal ions to form a sol-gel layer on the fiber][13

bamboo, viscose or combinations of some [5]. Many of agents (zinc, tin, silver ions, chlorine

The growth of microorganism's on textiles causes aQerivatives of phenols, ammonium salts) have ptessib
unpleasant odour, results many skin troubles @iller pamfyl or toxic effect. On the other hand, silviera
sensitisation, itching, acne, rashes) and a lostexifle  (gjatively non-toxic disinfectant that can sigréfitly
properties including fabric rotting, staining, dimuration  oq,ce many strains of bacteria and fungi [14]. Eiesv,
silver ions must be sufficiently anchored on thdikes in

“Corresponding author. Tel.: +370-604-41512; fa876-37-353989. order to provide durability of antimicrobial profies [2].
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Many scientists [5, 15, 16]

investigated an airmachine. There were three groups of samples madhi$o

permeability of pure fiber (cotton, man-made bambooresearch. In each group there are six variantsndb k-

viscose, etc.) knits and their combinations witimthgtic
(polyester, polyamide, etc.) threads. They stated the

main parameters, which have an influence on the air

permeability of knits, are the type of fibre (natir
synthetic or blended), linear density and structoirehe
yarns, the course and wale densities, area demsiying
pattern and fabric thickness. Higher air permegbili

increases comfort of wear, which is very important

property for user. If clothing materials and stuset of
garments can allow the evaporation of perspiraton
ventilation in addition to thermal protection, thisll also
affect the heat balance of the body [15].

Many scientists [5, 17, 18] stated that

three variants with cotton, two variants with maae®@
bamboo, and one variant with polyester plating yarn
The ground yarns used for knitting of samples of
| group are cotton, man-made bamboo and polyester (
same yarn as the plating one). The ground yarn fmred
knitting of samples of Il group is polyamide, andr f
samples of Il group — elastane thread.

The main characteristics of investigated samples ar
presented in Table 1.

2.2. Methods
For antimicrobial finishing, one part of knits ofah

comfortgroup was treated in an antimicrobial solution ®fs AG

properties of fabrics depend not only on the airand organic-inorganic binder iSys MTX (CHT, Germgany

permeability but also on water absorption. Theyestdahat
natural and pure fiber knits absorb more water tkits
blended with synthetic fibers, which are hydropleoaind
tend not to get wet. Therefore, it was concluded #bility
to absorb a certain amount of water (or sweat) nidpef
fiber composition and yarn structure parameteravéi@r,
there is lack of papers with investigations onuafice of
antimicrobial treatment on the air permeability amater
absorption of plain plated knits.

The main conditions of antimicrobial treatment were
aqueous solution of Z&, 2 g/l iISys AG and 10 g/l of iSys
MTX, pH 5.5, 10 min. All samples were centrifugeat f
12 min at 1200 rpm and tumble dried, permanendgterd
for 1 min at 160C. The samples treated according
mentioned conditions were named as antimicrobésitéd.
Another part of samples in each group were treated
the same conditions as the ones treated with arbimial
solution, however, antimicrobial substance and dind

The main goal of this research was to establish thevere not used. Samples treated according thesetiomsd

influence of antimicrobial treatment on changes aof
permeability and water absorption of plain platedtsk
This research is unique, as it analyzes, explomd a
identifies the impact of antimicrobial treatmenbstances
and conditions on air permeability and water absonpof
plain plated knits.

2. EXPERIMENTAL
2.1. Materials

The experimental samples were knitted in plaingalat
pattern on the circular 14E gauge single bed kefting

were named as blank treated.
The structure parameters of knitted samples were
calculated according to standard LST EN 14971:2006.
Air permeability of the plain plated knits was
measured using an L14DR air permeability testermimac
(Karl Schroder KG, f. Germany). Air permeability sva
investigated according to the European Standard &N
9237:1997 using a head area of Scend pressure
difference of 100 Pa. Permeation direction was froside
to reverse side of a knitted fabric. The air peroigg R
(dm¥(m®.s)) of plain plated single jersey knit was
determined from formula:

Table 1. The characteristics of investigated plain plateiitéd samples

= Fiber Nominal Wale Course

o Indication of knitted samples composition, linear densityP;, densityP,,

O % density, te) cmit cmit
C1 Cotton 29.4 tex + Cotton 29.4 tex 100 58.8 7.8870] 6.25+0.08
C2 Cotton 14.8 tex x 2 + Cotton 14.8 tex x 2 100 59.3 7.75+0.08 6.60 +0.06

| C3 Cotton 25 tex + Cotton 25 tex 100 50.0 7.80 +0.p86.15 +0.07
Bl Bamboo 29.4 tex + Bamboo 29.4 tex 100 58.9 8.208t0} 6.00 +0.00
B2 Bamboo 14.8 tex x 2 + Bamboo 14.8 tex x 2 100 59.p 8.00 +0.00 6.20 +0.08
P3 Polyester 25 tex + Polyester 25 tex 100 50.4 0 ¥0106 6.77 +0.08
C1PA Cotton 29.4 tex + Polyamide 10 tex x 2 / 860 49.4 8.40 +0.06 7.50 +0.1(
C2PA Cotton 14.8 tex x 2 + Polyamide 10 tex x 2 / 80 49.6 8.00 +0.00 8.00 +0.07

I C3PA Cotton 25 tex + Polyamide 10 tex x 2 /88 45.0 8.55 +0.09 7.40 +0.04
B1PA Bamboo 29.4 tex + Polyamide 10 tex x 2 | 60 49.4 8.75 +0.08 7.35 +0.07
B2PA Bamboo 14.8 tex x 2 + Polyamide 10 tex x 2 / 8D 49.6 8.30 +0.11 7.50 +0.1(
P3PA Polyester 25 tex + Polyamide 10 tex x 2 | 86 45.0 8.25 +0.08 7.80 +0.04
C1EL/PA| Cotton 29.4 tex + Elastane 2.2 tex, PA 7x8 te 75/20/5 394 10.10 +0.06 9.00 +0.0(¢
C2EL/PA| Cotton 14.8 tex x 2 + Elastane 2.2 tex, PRAt@x 7520/5 39.6 10.05 +0.05] 8.90 +0.04

I C3EL/PA| Cotton 25 tex + Elastane 2.2 tex, PA 7.8 tex 72/22/6 35.0 10.00 +0.07 8.98 +0.04
B1EL/PA | Bamboo 29.4 tex + Elastane 2.2 tex, PA 78 te 75/20/5 39.4 10.75 +0.08 9.25 +0.0§
B2EL/PA | Bamboo 14.8 tex x 2 + Elastane 2.2 tex, FBA&X 7520/5 39.6 9.85 +0.07 8.80 +0.09
P3EL/PA | Polyester 25 tex + Elastane 2.2 tex, PA&x8 72/22/6 35.0 10.30 +0.08 9.65 +0.17
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D, chemical finishing [4, 6, 19].
R27'167' 1) The structure parameters, thickness, air permeéabili
. _ iold i i . and water absorption of knits manufactured fronegfiber
whereD, is the mean of airflow yield in difmin (/min);  yamns and their combination with textured polyamite

Ais the sampling area in ém _ elastane threads, after blank and antimicrobiattnent,
The water absorption was measured according tQere investigated.
Bureau Veritas Consumer Products Service interesi t Results presented in Table 2 show that the wale and

method. Samples were conditioned in standard athessp .o rse densities of knits have been changed aftér b
conditions, cut in to pieces (¥10) and their weight was pjank and antimicrobial treatments, comparing witie
measured. Then the samples were kept for one minute nyeated knits (initial characteristics are présenin
distilled water. After being removed from the waterd  Tgple 1). The changed values after blank and actirhial
hung for 3 minutes to remove excess water from 8 yeatment are very similar (till 5 % for wale degsand til
weight of the wet samples was measured. The staier 7 o4, for course density), é. chemical substances used for

absorption was calculating using the following faiten antimicrobial finishing do not influence the looprity in
m,, — My the knit as well as porosity of knit. The changésvale
Sw :m—'loo%- (2)  and course density values are mainly influenceditgr
d composition and linear density of yarns.
where S, is the static water absorption in %, is the Comparing results in all three experimental groups,
weight of wet sample in gny is the weight of dry sample the highest differences between the wale densityesa
ing. after blank and after antimicrobial treatment were

The thickness of samples was measured with aestimated for knits of Il group (up to 20 %). Sugsults
automatic micrometer Louis Schopper Leipzig Autdmat were obtained because of presence of elastanedthrea
Micrometer (f. Germany) according to European Séadd which is very sensitive to higher temperature, &ner
EN ISO 5084:1996. total linear density of yarns used for knittingsaimples of

Average values of air permeability and waterthis group [20]. The course density of all inveat&g knits
absorption were calculated from the five conducfBlde increased significantly after both types of treatine
coefficients of variation for all tests did not exd 5 %. comparing with the knits before treatment (15 90 %,

All experiments were carried out in a standarddepending on the samples group; see Table 1). The
atmosphere for testing according to the standarihfluence of fiber composition and linear densityyarn

ISO 139:2002. on course density after blank and antimicrobiahtiment
has the similar character as in case of wale densit
3. RESULTS AND DISCUSSION The low differences between the wale and course

density values of knits after blank and antimicebbi
The significant changes of structure, geometricatreatment give also similar values of area dengiige
properties (such as thickness), air permeability aater Table 2). The difference between values of areaiteof
absorption of knits may occur in different treatmen knits after blank and antimicrobial treatment daest
processes while knits are affected by headjsture or exceed 6 %.

Table 2. Structure characteristics of the knits

Group Sample Wale densityP,, cni? Course densit,, cni* Area densityM, g/n?
code Ph) Ph@) Py() Pya) M) M)

Cl 7.85 £0.07 7.70 £0.08 8.45 £0.05 7.65 +0.1p 2002 198 +0.02
C2 7.65 +£0.07 7.65 +£0.10 8.55 +0.05 8.30 £0.0B 200% 206 +0.01

| C3 7.95 +£0.09 8.00 £0.10 8.15 +0.07| 8.05 +0.0p 100% 170 £0.01
Bl 6.90 £0.06 7.05 £0.09 7.70 £0.08 7.40 £0.0p 1826 184 +0.02
B2 6.85 +0.07 7.65 +0.10 7.95 +£0.09 6.85 £0.1p 189 186 +0.02
P3 6.35 +0.07 6.70 £0.08 8.00 +£0.0(Q 7.80 £0.0B A6101 150 +0.01
C1PA 8.35 +0.07 8.35 £0.07 9.80 +0.08 9.90 +0.0p 4962 198 £0.01
C2PA 8.35 +£0.07 8.40 +0.06 10.10 +0.06 10.10 £0.96 01 £0.01 202 £0.02

I C3PA 8.60 +0.06 8.60 £0.06 9.80 £0.08 9.85 +0.0y7 4720 180 £0.02
B1PA 8.60 +0.06 8.60 £0.06 10.55 +0.09 10.65 £0.¢7 10 20.01 211 +0.01
B2PA 8.55 +0.05 8.65 +0.07 10.40 +0.06 10.40 +0.10 08 20.02 209 +£0.02
P3PA 8.30 £0.08 8.35 £0.07 9.85 +0.07 9.90 +0.06 54701 177 £0.01
ClEL/PA 10.20 +0.08 10.15 +0.07 14.45 +0.111 15.00.&0 218 +0.01 224 +0.01
C2EL/PA 10.85 +0.07 10.70 +£0.08 14.50 +0.0)7 15.28 10 227 £0.01 233 +0.01

m C3EL/PA 10.75 £0.11 11.85 £0.10 15.20 +0.08 16.48.90 202 £0.02 225 +0.02
B1EL/PA 12.30 +0.08 12.40 +0.06 17.50 +0.1P 17.7010 278 +0.02 282 +0.02
B2EL/PA 11.80 £0.08 11.85 £0.07 16.30 +0.08 16.4920 259 £0.20 262 +0.02
P3EL/PA 11.45 £0.15 11.30 +0.08 15.35 +0.10 15402 209 £0.02 207 £0.02

Note:b — blank treated knitg — antimicrobial treated knits.
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It is known that finishing can have an influencetbe
thickness of knits. The finishing processes reméé
emergent internal stresses, which occur duringtikgit
process. Therefore the knits acquire a fixed eopiilim
state, and they become more stable, thicker andidrea
[21].

Table 3. The thickness values of knits after blank andnaiatio-
bial treatment

and antimicrobial treated knits were insignificaithis
means that antimicrobial treatment does not implaér
ventilation (respiration) property and does not seor
garment comfort.

Q

13

5

Variant of Thickness, mm 24

Group knit 2

Beo) D) =

C1 0.814 +0.01 0.832 +0.02 g

C2 0.762 +0.02 0.744 +0.01 g

| C3 0.720 +0.01 0.822 +0.01 =
B1 0.582 +0.01 0.584 +0.01
B2 0.590 +0.01 0.628 +0.01
P3 0.554 +0.01 0.558 +0.01
C1PA 0.988 +0.02 0.950 +0.02
C2PA 0.956 +0.01 0.946 +0.01
I C3PA 0.958 +0.02 0.952 +0.01
B1PA 0.954 +0.02 0.936 +0.01
B2PA 0.960 +0.01 0.970 £0.01
P3PA 0.942 +0.02 0.940 +0.01
C1EL/PA 1.202 +0.01 1.198 +0.01
C2EL/PA 1.254 +0.01 1.256 +0.02
m C3EL/PA 1.198 +0.01 1.176 +0.02
B1EL/PA 1.260 +0.01 1.296 +0.01
B2EL/PA 1.294 +0.01 1.260 +0.01
P3EL/PA 1.112 +0.01 1.124 +0.01

— < < < < < <
8 IE5EEf 282228

OCO0®B®e Fodmmgd
mBlank treated OAntimicrobial treated 8 S 8 o9

Fig. 1. Air permeability of blank and antimicrobial tredtlenits

in Fig.2 (after

The correlation between air permeability and theda
of treated knits has an exponential character #adet
dependences subject to raw material of knit aregmied

blank treatment) and Fig.3 (after

antimicrobial treatment). The results demonstraag the
exponential dependence between those parametests exi
and is strong (the coefficient of determinatinfor blank
treated knits vary from 0.8899 up to 0.9899, and fo
antimicrobial treated knits — from 0.8399 up to7®2).

Note:b— blank treated knitg — antimicrobial treated knits.

s))

The results of knits thickness measurements afte
blank and antimicrobial treatment are presenteBaible 3.
Knits with elastane thread (lll group) are the kieist.
Elastane thread relaxes more and has higher shgnki
capacity after thermo-setting and relaxation preess
comparing with other thermoplastic fibres (polyaaid
polyester). The differences between thickness galoke
blank and antimicrobial treated knits of all growpsre
insignificant (approx. till 4 %).

Air permeability is an important property of ters|,
which influences the flow of vapour from the huntzody
to outside and the flow of fresh to human body.

Results of the air permeability of blank and
antimicrobial treated knits are presented in FigThe
results show that the knits of Il and Il groupsvéa
significantly lower air permeability compared withe
knits of | group. The reason of such is higher |d@msity
in the knit, especially for the knits of Ill groufwith
elastane thread). As well these knits had the Isigheea
density. It is evident that air permeability deces when
the area density and thickness increases. The sar
tendency was found and by other researchers [15].

The results of air permeability investigation after
blank and antimicrobial treatments give us very dnt@nt
information (Fig. 1). The differences of air perrbiity
values between blank and antimicrobial treatedskaite
very low — in most cases up to 2 %. The higheredéfices
of air permeability values are obtained for knits C2, C3
(pure cotton knits in | group), nevertheless thesec

Air permeability, R (dm3¥(m?

Air permeability, R (dm?3 /(m2 s))

Fig.

3500 1 #C1, C2, C3, C1PA, C2PA, C3PA,
32504 o CI1EL/PA, C2EL/PA, C3EL/PA
3000 - mB1, B2, B1IPA, B2PA, BIEL/PA,
2750 - B2EL/PA
2500 - AP3, P3PA, P3EL/PA
2250 -
2000 - = —
1750 - R (poIyT;szte_r)O—gEZS;;A%7
1500 - —
1250 -
1000 - 1R (bamboo) = 19251%31b
750 A H R2 = 0,942
500 | I Tootion) = 6608 4evl g™
250 - L Rz =0,8889 1 § = 1
0 —_———— . . . . ,
05 06 07 08 09 1 11 12 13 14
Thickness,b (mm)
2. The influence of thickness on the air permeabditplank

treated knits

35001 *CL, C2, C3, CIPA, C2PA, C3PA,
82501 o CIEL/PA, C2EL/PA, C3EL/PA
3000 + EB1, B2, BIPA, B2PA, BIEL/PA,
27501 A B2EL/PA
2500 AP3, P3PA, P3EL/PA
2250 3
20001 IR (bamboo) = 2-1-69-475676?=
17501 ! R2=09406 |
1500 00 Rpmemana 02000
1250 |
1000 A R (polyester) = 188646512
750 - R2=0,9792
500 TR (cotton) = 9431,9&9815|\-
2501 L __ R2=08399 ] oF |
0 ; : : ; . . . : .
05 06 07 08 09 1 11 12 13 14

Thickness,b (mm)

differences did not exceed 6 %. It can be stateat thFig. 3. The influence of thickness on the air permeabilify

differences between the air permeability valuesblaink
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The highest values of air permeability after blamd 4. CONCLUSION
antimicrobial treatments were determined for puranm . . :
X In this research, it was estimated marked chanfles o

made bamboo B1, B2 and polyester P3 knits. The Mal¥hits structure parameters (15:980 % for course density
made bamboo yarns and polyester threads have semootré
surface than cotton yarn, therefore the pores tmtwarns

bent into the loops are not covered with elementings

nd till 20 % for wale density) after antimicrobiahd
blank treatments (these changes occur in the knfoize
of action of humidity and temperature). Howevere th

[5. 22]. Indidditio'rgj, bambgo'fibres h%\.ﬁ many microdiﬁerences between the values of loop density,aare
spaces and it provide a good air permeability prtus density and fabric thickness after blank and after

. Another |mporFant .phy5|cal property that can haVeantimicrobial treatment are very low and in gerigrahry
influence on functionality of textile is water alpgtion

- . in the range of error. The values of wale dendigralank
ab|!|ty. Rgsults of the yvater absorption pf b!anhda and antimicrobial treatment differ just 09% % and the
antimicrobial treated knits are presented in FigThe

e . = values of course density respectively — 6 %%. The
r.egult.s show that the usage .Of antimicrobial makein the. present low differences determine the similar pityosf
finishing process significantly changed sorption

h teristi £ tiaated knit knits after both blank and antimicrobial treatments
characteristics ot investigated knits. It is very important, that insignificant differersef

500 porosity of the blank and antimicrobial treated t&ni
450 A influence the similar permeability to air after rtiened

400 1 treatments. The differences of air permeability ueal

350 -

between blank and antimicrobial treated knits apeta

300 1 2 %, just for pure cotton knits these differencesewp to

Water absorption, S, (%)

250 1 6 %. This means that chemical substances used for

200 1 ing antimicrobial treatment do not impair the air peaiiéity,

1501 Hin i. e. the ventilation (respiration) property.

108: JiR Meanwhile, the water absorption results of knitemaf

50 | I THATH blank and antimicrobial treatment have been obthine
HNMA D LT CCL C LT L significantly different. It was found that water saipption
(OGNS} o o o . . . . g

@ % % % % § o % % % % % 2 of antimicrobial treated knits is significantly lewthan the

mBlank treated D Antimicrobial treated G O & & & & blank treated knits (in 44 %91 %) because of sol-gel

layer have been formed on the surface of fibre igiog

Fig. 4. The water absorption of blank and antimicrobialated
knits

The results obtained after investigation on wate
absorption demonstrate that antimicrobial treatmeht
investigated knits significantly reduced ability &isorb
the water. The water absorption of the | and 8wy knits
decreased from 44 % (B1, B1EL/PA) up to 89 % (C1,
C1EL/PA), and of the Il group knits from 67 % (C3P#p 2
to 91 % (C2PA). The lowest ability to absorb water
distinguishes C3, C3PA, C3EL/PA knits because the
cotton yarns used for knitting of samples ©3 variant
were dyed with disperse dyes. It is known that elisp
dyes reduce the ability of water absorption. Simitsults
were obtained by other researchers [23], whicledt#hat
knits have a lower percentage of water absorptiber a
treatment with hydrocarbon based polymer, thaneaiéd.

On the other hand, fibre composition had influetece
the water absorption also. Knits with syntheticngain the
structure, especially with elastane threads absower
amount of water than knits of pure natural fibres.

Nevertheless, the influence of antimicrobial trezim
on the water absorption ability is much more evid@ime
slight water absorption mainly depends on the dmgan
inorganic binder, which was used in antimicrobial™
treatment and forms the sol-gel layer on the serfat
fibre. This layer blocks the way of water moleculesard
the fibres and yarns and significantly reduces \ader
absorption.

This effect of antimicrobial treatment can be apgbli
to products, which requires antimicrobial effect ability
to repel water (surgical gowns, etc.). However,ndt
applies to napkins, panty liners, bed linen, etc.

7.
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the antimicrobial effect and using organic-inorgalninder
iSys MTX.
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