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The behaviour of woven and knitted fabrics during their washing is investigated
in this work. The influence of the washing conditions and chemical liquid softe-
ners on the mechanical properties of textile fabrics was evaluated. The depen-
dencies between the main hand parameters and the washing temperature were
determined. The influence of the washing temperature on the changes of fabric
mass and thickness as well as on fabric flexibility was evaluated. The analysis of
the friction parameters during fabrics sliding on the different surfaces (glass or
organic glass stands) was done according to the standard DIN 53375. It was de-
termined that the values of the friction parameters (friction coefficient i, and dy-
namic friction force Fp) vary in the wide range. It was shown also that the spe-
cimen resistance to pulling through the central hole increases due to the increase
of the temperature of washing solution, but after the fabric treatment with the liquid
softener the hand parameters noticeably change for the better. Thus, it was pre-
sented that the device KTU-Griff-Tester is suitable to evaluate the changes of me-
chanical properties of the woven and knitted fabrics after their washing, softe-
ning and other relatively sensitive factors occurring during exploitation period.

1. Introduction

Textile materials are exploited un-
der the cyclic hydrothermal treat-
ment (washing) influencing the
longer exploitation period of the
product as well as the improving
their hygienic properties and aes-
thetic appearance of the garment.
But this treatment negatively influ-
ences the fabric physical and me-
chanical properties, i.e. it stimulates
shrinking, increase of surface
roughness and decrease of flexibi-
lity of fabrics and etc. These chang-
es can be effectively decreased us-
ing the industrial chemical liquid
softeners, mostly of the cationic
activity [1, 2].

It is known that the changes of ma-
terial strength (breaking tenacity)
due their treatment (washing, dry-
cleaning and etc.) during exploita-
tion period are very low and com-
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plicatedly measurable using stan-
dard mechanical tests. But the
changes of hand parameters of tex-
tile materials after the material
washing are essential [3, 4].

The aim of this work was to evalu-
ate the influence of washing condi-
tions and softening on the mechan-
ical properties of different textile
materials.

2. General part and results

The six different textile materials
were tested, (Tab.1 and 2).

The samples (the size of 40x60 cm)
were cut from the each fabric. The
objects of investigations were very
different between themselves ac-
cording to their fiber composition,
structure and finishing, but the in-
fluence of these characteristic sepa-
rately was not analyzed. So, the

main aim of investigations was to
present the common peculiarities
concerning the behaviour as well as
the changes of hand parameters of
different textile membranes during
their extraction (pulling) though a
central hole. The recent investiga-
tions had shown that the hand pa-
rameters of linen woven fabrics
became better after their treatment
with softener “Lenor” [5], except
LI-W woven fabric with special
mechanical and softening finishing
50+C, (the parameters of this fini-
shing is not declared for commercial
purposes). This treatment initiates
the positive charging of fabric sur-
face which as well as in the case of
PES-W fabric block the orientation
of molecules of cationic softener
with the fabric surface.

The samples were washed using the
domestic washing machine ,,Fagor*
at 30, 60 or 90° C temperature with
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Tab.1 Structure parameters of investigated materials

Fabric density (cm’
Fabric symbol Fabric type Fabric content Weave/Knitting type abric density (cm )
Warp /Wale Weft /Course
CO-W 100% cotton Twill 39 23
LI-W Woven fabric 100% flax Plain 18 18
PES-W 100% polyester Plain 40 30
CO-K 100% cotton Plain jersey 12 16
i o . et .
PA-K Knitted fabric 100% polyamide Warp-knitted locknit 15 2*0
80% acetate, . P =5
CA-K Doubl d 14 -
20% polyamide ouble Jacquar Py =10

*Py, - coefficient of course density of fabric front side; P,,- coefficient of course density of fabric back side

Tab.2 The parameters of control (unwashed) investigated fabrics

Geometrical Dynamic friction| Sign of
Hand parameters . X

parameters coefficient y, electric

Fabric symbol charge of

Plrffx 1ga NA Hinan /W > 0 G/OG* fabric

N) Nem) | (mm) | (@md) | (mm) surface
CO-W 20.540.4 | 16.168£0.4 | 71.7+£2.1 | 56.6£1.0 | 208+3 | 0.47+0.01 0.27/0.21 low —
LI-W 145412 | 13.838+0.7 | 46.9+2.7 | 56.4+2.0 | 210+2 | 0.45+0.01 0.31/0.15 low +
PES-W 12.240.6 | 9.699+0.7 |43.72+1.97| 58.8+1.0 5741 | 0.09+0.01 0.45/0.51 low +
CO-K 6.0£0.1 | 2.961£02 | 19.7+0.5 | 61.4£1.1 | 1071 | 0.46+0.01 0.32/0.16 low —
PA-K 3.8404 | 2.184+0.3 | 14.2+1,5 | 58.1x2.8 60=1 | 0.27+0.01 0.34/0.23 low —
CA-K 14.6+£0.6 | 7.066+0.5 |55.35+3.64| 63.5+2.3 | 154+2 | 0.58+0.01 0.58/1.46 low —

*G/0G - glass/organic glass stand

the washing solution containing the
same norm of the powder ,,Ariel*
(50 ml in one washing cycle) in the
all tested cases.

The half quantity of washed sam-
ples was taken and rinsed with the
solution of liquid softener ,,LLenor*
(1.8 ml/l H,0), 20 min., prepared
according the recommendations for
its concentration provided by the
producer of softener. The samples
were dried out placed horizontally.

The specimens for the determina-
tion of hand, flexibility and friction
parameters were cut from washed
and rinsed samples.

The hand parameters were deter-
mined using the KTU-Griff-Tester
[6-9]. The flexibility of investigat-
ed fabric was evaluated using the
conventional cantilever method
[10]. The change and stability of the
investigated parameters were eva-
luated relatively comparing them to
the parameters of control specimen
(C) which was equal to 1.

The changes of the parameters of
fabric surface after their chemical
treatment were evaluated according
to the friction parameters deter-
mined according to the standard
DIN 53375. Also, it must be as-
sumed, that the interaction between
the fabric surface and the cationic
softener depends on the electrostat-
ic charge of fabric, thus the param-
eters of electric charging were con-
trolled using the device FMX-002
(Holland) (Fig.1).

The specimen had been placed hor-
izontally on the nonconducting pad
below the search win-
dow of device FMX-
002 and then the sign
(+ or —) as well as the
potential E of electro-
static charge generat-
ing on fabric surface
was determined from
the special scale.

Specimen

+

3. Discussion

The summary of the results for the
all investigated fabrics are presen-
ted in Tab.2, from which the geo-
metrical, hand, friction and electric
parameters of tested textile materi-
als can be seen and compared be-
tween themselves.

The results presented in Tab. 2
show that the hand parameters of
woven fabric P,,,, tga and A4 are
higher in about 3-4 times compared
to these ones of knitted fabrics be-

Device
FMX-002

4_

E TT IZ5mm
4+ 4 | AV 4+

Pad

Fig.1 Sheme for the measurement of electrostatic
charge parameters (sign and potential)
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Fig.3 The influence of washing temperature on the changes of specimen mass (m) and thickness () (4m and 49 — after
washing; Am* or 46* — after washing and softening with the softener)
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cause of the some peculiarities of
their structure and deformation
properties. The fabric softness takes
the main value during the evalua-
tion of textile hand. Knitted mate-
rials usually are softer than woven
fabrics. So, in the case of knitted
materials the extraction (pulling)
parameters characterizing textile
hand for knitted materials are bet-
ter than ones of woven fabrics (Tab.
2). The dynamic friction coefficient
My 1s higher in the case of glass
stand (G) compared to one of organ-
ic glass (OG). The measurements of
the electrostatic charge have shown
that the linen LI-W and polyester
PES-W woven fabrics are charged
low positively and all other fabrics
are charged low negatively.

The high changes of the main fab-
ric characteristics were determined

after the fabric washing or rinsing
with the solution containing the
cationic softener. The main pulling
parameters P, ., tga and 4 increase
after the increase of washing tem-
perature which influences the in-
crease of fabric thickness. The rin-
sing with the softener ,,Lenor* con-
trariwise influences the changes of
hand parameters. For these cases
three main parameters decreased
and became similar to these ones of
control (unwashed) specimens.
LI-W fabric stands in the exceptio-
nal position, i.e. the hand parame-
ters of this fabric remain almost un-
changed even after its washing or
rinsing. The parameters P, and
tga in the all cases are lower com-
pared to these ones of control spe-
cimens and are very similar to the
each other with their absolute va-

lues. These tendencies can be ex-
plained by the swilling out of fini-
shing materials or the negative con-
ditions for the joining of the mole-
cules of chemical softener to the
surface of fabric which is charged
positively.

There were observed that almost in
the all cases the rinsing with the li-
quid softener “Lenor” influences
the decrease of the main hand pa-
rameters P, tga, A and Q below
the limit of 1, i.e. this shows that the
fabric hand becomes better.

From the Fig.2 and 3 can be shown
that the washing temperature line-
arly correlates with the majority of
the measured mechanical parame-
ters. The exceptional position for
the earlier described correlation
takes LI-W fabric.

15 1 Fabric CO-W 12+ Fabric LI-W
C+C
1.0 1
C+C
10 1 0.8 jtyng
4 C+G
& ZQ« 0.6 e
i _C+G K
0.5 1 — T, 0.4
. C+0G
C+0G 02
0.0 — — — — 0.0 ; ; ; |
0 50 100 150 200 0 50 100 150 200
I, mm l, mm
a) b)
20 - Fabric CO-K 00 Fabric PA-K
C+C ” C+C
15 . A
7 z 0.6 1 C+G
C+G 041 e
0.5 C+0G C+0G
021
0.0 — — | 0.0
0 >0 100 150 200 =0 50 100 150 200
l, mm [, mm
c) d)

Fig.4 The friction curves of friction pair of the same control fabric (C+C); of woven (a, b) and knitted (c, d) fabrics during
their sliding on the glass (C+G) and organic glass (OG) surfaces
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1.5 +

C+C

-

1.0 4
(90+S) + (90+S)

Fp, N

0.5 1

fabric CO-W

in size and when the textile
specimen slides on the or-
ganic glass stand (C+OGQG)
the values of the parame-
ters are the lowest. Two
different glasses were the
prototypes of the limiting
plates of KTU-Griff-Test-
er. The case of glass stand
has some peculiarities in-
fluenced by the accumula-
tion of electrostatic charge
which was changed during
the sliding process causing
the evident variation of dy-

0.0 * ——
100 150

I, mm

0 50

Fig.5 The friction curves in the pair of identical
control woven fabric (C+C) before and
after washing at the washing temperature

90 °C and after softening (90+S)

The analysis of the friction para-
meters have shown (Fig.4) that the
shape of the friction curve and the
values of friction parameters (x and
Fp) depend on the stand on which
the specimen was sliding. The max-
imum values of the friction parame-
ters were determined in the case of
woven fabric sliding on the surface
covered with the same woven fab-
ric, i.e. for the friction pair (C+C).
In the case of specimen sliding on
the glass stand (C+G) the values of
friction parameters are the medium

namic friction force Fp,. In
the some cases the friction
force F, in the friction pair
(C+G) was higher com-
pared to that of the friction
pair (C+C) (Fig.4).

200

The analysis of the friction parame-
ters had shown also that the wash-
ing process (in the cases of all
stands) influences the increase of
friction coefficient 1, and dynamic
friction force F, sometimes up to
13-16% (CO-W, LI-W, PA-K). Still
the rinsing with the softener
,Lenor® was not being able to de-
crease the sliding parameters

(Fig.5).
The parameters of woven fabric
(CO-W) flexibility in weft and warp

directions measured using conven-
tional cantilever method had shown
that the increase of the washing
temperature influences the decrease
of fabric flexibility while the fabric
treatment with the softener slightly
increases the flexibility of fabric
(Fig.6).

The parameter Ac correlates with
the majority of hand parameters.
The highest correlation was deter-
mined between the parameters Ac,
and Arga.

The electric charge of the textile
fabric influences the some process-
es of fabric finishing, mostly the
interaction between the fabric and
molecules of cationic softener. The
charts presented in Fig.7 show the
influence of the softener “Lenor”
on the hand parameters of acetate
(CA-K) and polyester (PES-W)
fabrics.

From the charts can be seen that the
acetate fiber (CA-K) having nega-
tive charge intensively electro-
chemically reacts with the cations of
the softener and the main hand pa-
rameters (P_,,, tgo) become about
two times better. The behaviour of
the polyester fabric (PES-W) is
quite otherwise and the hand para-
meters in this case remain almost
unchanged compared to these ones
of control specimens as the positive-

Ac ,*=1.006+0.001-T;
72=0.8511

Ae o= 1.006+0.002 -T; r2=0.9268

1.3
1.3 I
I - CO-W:
CO-W: Ac =1.009+0.003-T ; i
2 |
I r1=0.9561 ol
12 b 0\ i
4¢,=1.017+0.002-T; N i
S 2, )
N [ r=09152 <
11
i =<
i L2e” Ae 5 =1.023+0.002 -T;
ad +?=0.8170
g - L
C 30 60 90
T,°C

©)

d)

Fig.6 The influence of the washing temperature on the fabric flexibility (Ac - the bending length of the specimen strip; wr
- warp, wf - weft, a - average (Ac — after washing; Ac* — after washing and rinsing with softener)
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Fig.7 The influence of concentration N of cationic liquid softener “Lenor” on the hand parameters P,,,, and tga determined
using the KTU-Griff-Tester [5-8]: a) for acetate knitted fabric (CA-K) and b) polyester woven fabric (PES-W) (N —
the concentration of liquid softener recommended by it’s producer; C — hand parameters of control specimens)

ly charged surface of polyester fab-
ric does not reacts with the cations
of the softener. The results present-
ed in Fig.7 show that in the case of
polyester material the cationic sof-
tener can act as best as antistatic
agent [11].

4. Conclusion

The increase of washing tempera-
ture increases the fabric resistance
to pulling through the central hole
(the hand parameters change for the
worse, i.e. some of them even - up
to 60-70 %). Linen fabric takes the
exceptional position and its para-
meters P, fgo. and Q slightly de-
creases compared to these ones of
control specimens and later remain
unchanged even if the washing tem-
perature is changed.

Hand parameters and flexibility of
fabrics rinsed with the softener
»Lenor® were better compared to
these ones of fabrics washed with-
out the softeners and even in the
most cases they were the higher
compared to these ones of control
(unwashed) fabrics.

The specific reaction of linen wo-
ven fabric (LI-W) to the softener

could be influenced by the positive-
ly charged surface and the swilling
out of finishing materials.

KTU-Griff-Tester is well-suitable
instrumental device for determining
the changes of mechanical proper-
ties of woven and knitted fabrics af-
ter their washing, softening and oth-
er gentle factors influencing during
their exploitation and care period.

The kind of materials has been used
for material finishing and the me-
chanical properties of the textile
materials depend on the polarity of
electrostatic charge accumulated on
the surface of textile materials.
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