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ABSTRACT

The comfort of textile products that include cotton fibre after exposure to outdoor environments has
been emphasized as a sustainable development goal. For textile products, abrasion between fabric and
human skin can occur. Moreover, after abrasion, textile products present disposal difficulties.
Therefore, evaluation of abrasion properties of textile products is important for comfort and reuse.
This study investigated effects of short-term outdoor environments on abrasion properties of cotton
fabric as a constituent material of textile products. The cotton knit fabric specimen colours were blue
and red. Outdoor exposure tests were conducted based on Japanese Industrial Standard (JIS) Z 2381.
Test times were 0, 2, and 4 weeks (28 October 2019-22 January 2020) for tests conducted in Tokyo
(Japan). After outdoor exposure testing, abrasion resistance tests were conducted based on JIS L 1096,
yielding the following conclusions. Abrasion tests indicated that the number of cycles to failure of
blue cotton knit fabrics were similar to those of red cotton knit fabrics during the 4-week test period.
The number of cycles to failure of all cotton knit fabrics during the 2-week test period increased
compared with that of all cotton knit fabrics before outdoor exposure tests. The number of cycles to
failure of all cotton knit fabrics during the 4-week test period remained almost unchanged compared
to those of all cotton knit fabrics during the 2-week test period. The 2-week outdoor environment
exposure affected the cotton knit fabric shrinkage because cotton fibre has a hydrophilic group of
cellulose. Results suggest that structural changes of cotton knit fabric affected the fabric abrasion
properties during outdoor exposure.
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1 INTRODUCTION

Recently, electronic textile (e-textile) products have been emphasized for health and sports
[1]-[3]. Usually, constituent materials of fibre products are petroleum-based fibres such as
nylon fibre, polyester fibre, and acrylic fibre. However, petroleum-based fibres represent
disposal difficulties. Furthermore, petroleum-based fibre constituent materials of fibre
products have low moisture. When petroleum-based fibre products are exposed to
perspiration, bacteria can exist between the cloth and human skin. Therefore, moisture and
abrasion properties of fibre products can strongly affect human comfort.

Numerous reports have described fatigue and tensile properties of natural fibres [4]-[6].
Natural fibres have good moisture and mechanical properties. For wider application,
mechanical properties of green composites using natural fibre have been studied [7]-[12].
In addition, fibre products using woven and knit fabrics using natural fibres have been
studied to assess their compatibility with sustainable development goals (SDGs) [13]-[20].

Tania et al. [19] reported ZnO coating effects on mechanical properties of cotton fabric.
The tensile strength of cotton fabric was decreased by a ZnO coating. However, the ZnO
coating increased the cotton fabric bending length.

Zhao et al. [20] reported aspects of the thermal stability of cotton fabric.
Thermogravimetric analyses revealed that thermal degradation of pure cotton occurred at
298°C. The thermal conductivity of pure cotton fabric was about 0.05 W/mK.

Nevertheless, despite cotton fabric abrasion properties’ importance for SDGs and wider
applications, few reports have described them under outdoor exposure environments.
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Therefore, this study investigated effects of short-term outdoor exposure on abrasion
properties of cotton knit fabric.

2 MATERIALS AND METHODS
2.1 Materials
The 120 mm wide and 120 mm long cotton knit fabric specimens were red and blue.
2.2 Outdoor exposure testing method

The outdoor exposure test was conducted based on Japanese industrial standard (JIS) Z
2381. The 4-week-long tests (28 October 2019-22 January 2020) were conducted at Hino,
Japan. A stand for outdoor exposure testing (Fig. 1) was created in our laboratory. Each of
the three specimens examined was fixed at four corners. After outdoor exposure testing, the
surface of each specimen was observed using ultraviolet (UV) light in a darkroom with
constant temperature and humidity (20°C, 65%RH).

Figure 1: Stand for outdoor exposure test.

2.3 Abrasion testing method and thickness measurement

Abrasion testing of three cotton knit fabric specimens was conducted based on JIS L 1096
after outdoor exposure. The abrasion testing machine was a universal textile abrasion tester
(CAT-125A; Daiei Kagaku Seiki Mfg. Co., Ltd.).

The cotton knit fabric thickness of three specimens was measured using a micrometer
after outdoor exposure testing.
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2.4 Ventilation resistance
After outdoor exposure, air permeability testing of three cotton knit fabric specimens was
conducted based on JIS L 1096. The testing machine was an air permeability tester (KES-
F8-AP1; Kato Tech Co., Ltd.).

3 RESULTS AND DISCUSSION

3.1 Surface observation and thickness measurements

Fig. 2 portrays surfaces of blue and red cotton knit fabrics before outdoor exposure.

20 mm

(b)

Figure 2:  Surfaces of cotton knit fabrics at blue and red colours before outdoor exposure.
(a) Blue; and (b) Red.
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Fig. 3 shows surfaces of blue and red cotton knit fabrics after the 4-week test period.
Almost no discolouration or damage of the cotton knit fabric surface was observable after
the 4-week outdoor exposure test. However, shrinkage of all cotton knit fabric specimens
had occurred during the 4-week test period. Shrinkage of all cotton knit fabrics probably
occurred because of moisture absorption and desorption of the cotton fibres.
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Figure 3:  Surfaces of blue and red cotton knit fabrics after the 4-week test period. (a)
Blue; and (b) Red.

Fig. 4 depicts blue and red cotton knit fabric thicknesses. During the test period, the red
cotton knit fabric thickness increased with time. The blue cotton fabric thickness increased
slightly during the 2-week test period. After the 4-week test period, the red cotton knit
fabric thickness was greater than that of blue cotton knit fabric. Results show that the
outdoor exposure environment slightly affected blue and red cotton knit fabric thicknesses.
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Figure 4: Cotton knit fabric thicknesses before and after outdoor exposure.

3.2 Ventilation resistance

Fig. 5 shows the ventilation resistance of blue and red cotton fabrics. Ventilation
resistances of all cotton knit fabrics at the 2-week test period were greater than those of all
cotton knit fabrics before outdoor exposure tests. Subsequently, the ventilation resistances
of blue and red cotton knit fabrics remained almost unchanged. When outdoor exposure
testing was conducted, the ventilation resistance of red cotton knit fabric became greater
than that of the blue cotton knit fabric. The cotton fibre has cellulose, hemi-cellulose, lignin,
and other components. The cellulose of the constituent material of cotton fibre has a
hydroxyl group. Therefore, the knitting density of the cotton knit fabric probably affected
the wet shrinkage of cotton knit fabric under exposure to light of these wavelengths.
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Figure 5: Ventilation resistances of cotton knit fabric before and after outdoor exposure.
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3.3 Abrasion properties

Fig. 6 presents the abrasion properties of cotton knit fabrics before and after outdoor
exposure testing. Before outdoor exposure testing, the numbers of cycles to failure of blue
and red cotton knit fabrics were, respectively, 165 cycles and 149 cycles. The number of
cycles to failure of all cotton fabrics at 2 weeks was greater than that of all cotton knit
fabrics before outdoor exposure testing. Subsequently, the number of cycles to failure of all
cotton fabrics remained almost unchanged with the test period duration. The cotton yarn
tensile strength decreased with an increased test period during 100 h UV irradiation [21].
Generally, moisture absorption increases the tensile strength and elongation at breaking of
the cotton fibre [22]. The cotton knit fabric abrasion properties were mainly affected by
improvement of the fracture toughness and moisture absorbed fabric structure under
outdoor exposure during the 2-week test period. To verify the abrasion mechanisms, future
research must be conducted on the effects of the moisture environment on the fracture
toughness and structural change of the cotton knit fabric.
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Figure 6: Abrasion properties of cotton knit fabric before and after outdoor exposure.

4 CONCLUSIONS

This study investigated the effects of short-term outdoor exposure on the abrasion
properties of cotton knit fabric. The results indicate that the thickness and ventilation
resistance of blue and red cotton knit fabric at colours increased slightly after a short-term
outdoor exposure test. The number of cycles to failure of cotton knit fabric during outdoor
exposure for the 2-week test period was greater than that of the cotton knit fabric before
outdoor exposure testing. The number of cycles to failure of all cotton knit fabrics remained
unchanged. The surface colour effects on the abrasion properties of cotton knit fabric were
almost unchanged after short-term outdoor exposure testing. The results suggest that
structural changes of the cotton knit fabric affected their abrasion properties during outdoor
exposure.
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