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Abstract
When using process, abrasions in some part of the clothes due to friction are
frequently encountered event. Generally, abrasion of textile material due to
friction is complex process, takes place under the action with one or more of
the physical, chemical, biological and mechanical factors and results in with
deterioration or dispersion of the material. One of the effective biological factors is
sweat. Abrasions due to friction take place under the influence of a sweat in some
areas of clothes, such as between the trouser legs, jacket’s arms. In this study, it
has examined that how abrasion changes resistance of clean woolen cloths under
the influence of human sweat. Various woolen fabrics with different parameters
have been subjected to tests for resistance to abrasion under normal conditions.
Samples were tested dry and after wetting with pure water and a solution of
human sweat. The results were compared. It is shown that, wet abrasion resistance
of woolen fabric is lower than the dry form. Abrasion resistance of clean wool
fabrics taken up moisture 25% of the weight of the normal environment can lose
between 35%...55% due to friction in normal ambient conditions. Clean wool
fabrics lose their abrasion resistance less in comparison with pure water under
the effect of human sweat.
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Introduction
It is defined that the abrasion of textile materials or textile
products due to friction is totally or partially losing the features
of material with together losing their utility friction. Abrasion of
textile materials due to friction is caused the chance in the surface
properties, loss of mechanical properties and material mass and
increase in permeability of materials.

Abrasion due to friction in some part of the clothes at
using process is frequently encountered event. As a result, it is
impossible that it can be glow, thinning, loss of strength, tear, etc.
at in the different regions of clothes. Generally, abrasion of the
textile material due to friction is complex process, takes place
under the action with one or more of the physical, chemical,
biological and mechanical factors and result in with deterioration
or dispersion of the material. The one of the effective biological
factors is sweat in here. Abrasions due to friction take place under
the influence of a sweat in some areas of clothes, such as between
the trouser legs, jacket’s arms. In this study, it has examined that
how changed the wear resistance of clean woolen cloths under
the influence of human perspiration.
Some studies about how sweat affects the properties of textile
materials have been made. However, these studies generally
relate to color fastness of textile materials and have not reviewed
the wear properties. As it is known, 99% of the sweat is consisting
of hypotonic water [1]. Therefore, textile products, which are
exposed to sweat, while also subjected to water. Effect of water
for abrasion resistance of textile materials were investigated in
several studies.
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Researches carried out in the 60s and 70s showed that abrasion
resistance of the fabric had falled under the influence of moisture
[2-7]. McNally and his friend have argued that abrasion resistance
of cotton fabric in wet conditions should not be lower than dry
conditions [6]. This possibility has not been confirmed in later
studies. In many studied, it has seen that abrasion resistance of
cellulose-based textile materials decreased under the influence of
moisture [2,3,7]. McNally and his friend emphasized that existing
methods are not enough for testing abrasion resistance of wet
fabric [6]. This question drew attention Škoc and his co-author.
To remedy the situation, they modified the method of testing the
current standard (ISO 12947-3) Škoc et al. [8]. Mass loss from
abrasion in wet fabric is higher than dry fabrics according to the
results obtained by them. Nhan and his co-author emphasized
that in addition to the relative humidity environment abrasion
woolen fabrics substantially influences also amount of moisture
in the fabric Nhan et al. [4]. Their conclusions were confirmed by
Holm and his friend Holme et al. [9].
In this study, developed a new method for testing abrasion
wet textiles. Using the developed method investigated changes in
the degree of abrasion pure wool fabrics under the influence of
moisture and human sweat.

Materials and Method
Materials

100% wool fabrics were used in the experiments. Technical
characteristics of these fabrics are given in Table 1.
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Table 1: Technical characteristics of the selected fabric.
Fabric

The Content
of Fabric
Fiber

Number of
Fabric Yarn, tex
Warp

Weft

Density
of Fabric
Surface,
g/m2

Twist of
Fabric Yarn
(rounder/m)

Fabric Frequency
(wirel/cm)

Fabric Thickness, mm

For warp

For weft

Warp

Weft

Before
testing

After testing

1

100% wool

39,62

38,21

212,61

26

24

508

481

0,60

0,57

3

100% wool

26,57

27,36

177,09

32

28

1087

1057

0,41

0,39

28

883

790

2

100% wool

4

100% wool

5

100% wool

50,52
32,28
23,39

49,56
28,77
24,89

239,25

24

219,04

36

151,43

32

Tests for abrasion of selected tissue samples were carried out
in the state of dry, moistened with distilled water and moistened
with a solution of human sweat.
Sweat solutions based alkaline and acid and treated water were
prepared to examine the effect of abrasion resistance for sweat
in accordance with ISO 105-E04 standard. This is because of the
sweat has different properties in different parts of body. Sweat in

22

467

30

610

413
612

2/4

0,53

0,49

0,57

0,55

0,28

0,27

some areas of the human body showing acidic properties when in
other areas detects alkaline properties. The content of sweat can
change according also to the states human. The content of 1 liter
acid and alkaline based sweat solution in Table 2. The chemicals
in table were put in pure water and alkaline and acidic chemicals
sweat solutions were prepared according to the demands of
standard.

Table 2: The content of human sweat solution of acid and alkaline bases on standard ISO 105-E04.
The Content of Sweat Solution Based Alkaline

The Content of Sweat Solution Based Acid

Chemicals

Amount, gr

Chemicals

Amount, gr

Histidin hidroklorid monohidrat (C6H9O2N3.HCl.
H2O)

0,5

Histidine hydrochloride monohydrate
(C6H9O2N3.HCl.H2O )

0,5

Disodium hydrogen orthosphate dodehidrat
(Na2.HPO4.2H2O)

5,0

Disodium hydrogen orthosphate
dodehidrat (Na2.HPO4.2H2O)

2,2

Sodium chloride (NaCl)

5,0

Method
Many laboratory methods have been developed for evaluating
the abrasion resistance of textile materials. These methods are
based on the use of devices which simulate generally friction case
[10]. ISO 12947-2 is used to determine the abrasion resistance
of fabric from existing standards. However, this standard doesn’t
suggest the methods related to measurement of abrasion
resistance for damp fabrics. Scotch and his friend have modified
the ISO 12947 for this purpose [10]. However, the methods
suggested by them demands that samples have should full wetted.
But the clothes, in most cases when you use not completely wet.
On the other hand, was not taken into consideration in this work
is that when tested in Martindale apparatus, because the sample
is heated, it dries out continuously. However, Nhan and his friend
have shown that the fabric temperature had increase 2˚C after the
first 100 friction period during testing the abrasion resistance of
wool fabrics, after 10000 periods, temperature had 6˚C [4]. This
temperature rise must cause dry the fabric over time.
A different method was used developed by us in the presented
study. ISO 12947-2 was taken as a basis, but the preparation of

Sodium chloride(NaCl)

5,0

the samples was carried out in many different ways. The fabrics
were selected for abrasion process with Martindale in accordance
with demanded standard and cut, conditioned in normal ambient
conditions. Abradant was also cutting from the material tested.

Since you want to test the wet tissue, it is necessary to ensure
the constancy of the samples humidity. Therefore, you need to
somehow compensate the sample constantly lost moisture due
to evaporation. We chose to the transfer moisture sample during
testing, out of the bottom with a wet swab. To this end, according
to the size of a sample cutting of a protection layer of polyethylene
and tampon of nonwoven fabric containing cotton. Tampon
materials cuttin from nonwoven were kept in sweat solutions or
clean water in a Petri for 30 minutes. Samples were weighed on
precision scales and the is wetted by spraying a solution of human
sweat or clean water 20% by weight under normal conditions.
The samples were then placed in a device according Martindale,
as shown in Figure 1.
Device was stopped each 3000 rpm and the weight of the
pledge was checked. When this weight is reduced by more
than 2%, sweat solution and water were supplemented to the
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pledged and humidity content was converted to initial status.
Thus, with decreasing moisture content of the sample, moisture
is transferred from the swab in the sample and thus ensures
stability of moisture samples. Because of using the tested fabric
as abradant, the amount of sweat or water was kept under control
in the same way. To prevent transfer of moisture from the was

placed the polyethylene film between tampon and felt pad device
in Figure 1.
Three kinds of sample from each material were tested for
abrasion test under the influence of the sweat liquor and clean
water. The end of the test procedure is defined according to ISO
12947-2 standard.

Figure 1: Placing the samples to be tested.

Discussion

Selected fabrics were tested for abrasion test in dry form, then
with sweat solution and moistened form. The test results are
given in Table 3.

Wet-abrasion of woolen fabric is lower than dry form as seen
from Table. This is highly depending on wet swelling of wool
fibers and losing strength markedly. Because abrasion resistance
of fibers is significantly determined with strength of the fibers.
The loss of strength for wool fibers is reported the about 30% in
literature [11]. According to our results, abrasion resistance of
clean wool fabrics taken up moisture 25% of the weight of the

normal environment can lose between 35%...55% due to friction
in normal ambient conditions.
On the other hand, it is observed that abrasion resistance
of fabrics was exposed the acidic and alkaline sweat solution
is higher the fabrics were exposed the pure water. This means
that abrasion resistance of fabrics exposed the sweat effect is
essentially due to water. Because of substances contained in sweat
has a larger molecular size, fibers cannot penetrate between the
macro-molecules, remain on the fibers surface and exhibit role of
buffer. As a result, abrasion resistance of fibers exposed the sweat
solution is higher than pure water.

Table 3: Abrasion resistance values of fabrics exposed to the effects of sweat and water.
Fabric

The Content of Fabric
Fiber

1

100% wool

3

100% wool

2
4
5

The Resistance of Fabric Abrasion, 103 rpm

With Alkaline Sweat
Solution

With Acidic Sweat
Solution

With Pure
Water

Dry

5,8

5,70

5,5

12,0

7,8

9,6

6,5

14,6

100% wool

13,0

100% wool

15,0

100% wool

9,0

3/4

13,8

11,5

14,2

12,50

9,00

7,20

20,0
19,2
11,5
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Results
a. For testing abrasion wetted fabrics standard method exists
tissues. To solve this problem, based on existing standards,
developed a test method.

b. Applying the developed method was subjected to tests for
wear pure wool fabrics, which are wetted with moisture or
a solution of human sweat by 20% of its weight in normal
conditions.
c. Based on these results, we can say that wet abrasion resistance
of woolen fabric is lower than the dry form. Abrasion
resistance of clean wool fabrics taken up moisture 25%
of the weight of the normal environment can lose between
35%...55% due to friction in normal ambient conditions.
d. Clean wool fabrics lose their abrasion resistance less in
comparison with pure water under the effect of human sweat.
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