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Fig 1. Mechanism of fuzz formation and fiber breakage.
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Fig 2. Schematic diagram of the structure of a typical textile and its
dual porosity due to spaces between yarns and spaces between fibers

of the yarns.[7]

Fig 3. The deflection of the yarns and fabric due to the mechanical

action of the washing machine.
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Table 1. Specification of the specimens.
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Fig 5. Photographic image of washing machine(Samsung

WAIOF5S2QWW1).

Washing Rinsing Spinning
. s ?/////////////////////////// l/////////////////////4 lmn
0 min 52 min
1st Drain 20d Drain 3rd Drain

Fig 6. Protocol of standard washing process.
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[Seizing of the fibers released
through drain hose]
Nylon filter(25 ¢ m)

o
#

[Filtering of the fibers by washing
machine released during washing]
(300 p2m)

Dispersion

Dispersion

Glassfiber filter
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Drying

(105°C, 90min)

Fig 7. Process of filteration of the fibers sieved through the washer

or the released fibers.
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2.1.2. Fuzziness
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3tk Crosshead speed 10cm/min, 3% 50kgSl  Z 7ol A,
Instron(Universal Testing Machine Instron-5543)< Ab-&3le] =435
o Edridel] o AEES vs Aol 9af A= FaAEEA
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. . Sy— 5
Biodegradability (%) = X100 (eq.l)
0

S, + Tensile strength of control

S : Tensile strength of specimen after soil, seawater burial test

20 ! -":r'\.\_i :‘ir 1_” F'



2.2.2. BOD =4A
AR A AREE A4 9%(BOD; biodegradable oxygen demand)
S =A37] 98] Figure 12 Oxi-Top®BOD  Respirometer
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Figure 12. Image of Oxi-Top®BOD Respirometer System(Global

Water Instrumentation).
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BOD 27| o3 Ral&e gt ge Ao s Axstsin.

BOD

) e o
Biodegradability (%) = ThOD

% 100 (eq.2)

BOD : Biological oxygen demand (mg)

ThOD : Theoretical oxygen demand (mg)

ca20l X ThOD: 71240 9438 Asle7] ) Bad iaol

S "3tk 189 A2 e 27} oliatgetiel B2 EaH 7] Hdl 6

ThOD 1624/ mole X 6 % 329/ mole (eq.3)

AEEQ=(GH, 0, +4 1 162g/mole

A (0,)) e A 1 32g/mole
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Figure 13. Total amount of fibers after 10 repeated cycles of washing.
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Figure 14. Ratio of the amount of fibers released by 1% washing to the

total amount released during 10 washing cycles.
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Figure 15. Effect of fabric structural characteristics on the amount

of fibers released from 1% wash cycle and on the total amount of

fibers during 10 cycles of washing.
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(a) (b)
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Figure 16. Fiber length distribution (a) Filtered by washing machine,

(b) Released through the drain.
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Figure 17. Fiber length(mm) and width(um) of each specimen.
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Figure 23. Proportions of the amount of fibers released through the

drain and the amount filtered by washing machine and length of

released fibers.
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k=t/\V/N
t = threads per inch

N = yarn count(Ne)
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Crossing over firmness factor

Number of crossing—over lines in the complete repeat

CFF = 5
Number of interlacing points in the complete repeat {E‘CL o)
Interlacing point
Crossing-over line
Interspace of weave
Figure 24. One repeating unit of plain weave.
Table 2. Calculate fabric structural factors of the specimens.
Yarn packing density Cover factor 242035
30Ne 130x95 (TwilD 0.41 26 1.3
40Ne 120x100 (Plain} 0.63 24 2
60Ne 90x58 (Plain) 0.65 18 2
60Ne 140x120 (plain) 0.68 24 2
§0Ne 175x105 (satin) 0.68 25 0.8
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Figure 25. Amount of the released fibers and their length vs.

geometrical parameters of the specimen.
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Figure 26. Correlation between the amount of the released fibers or
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Table 3. Stiffness of cloth, fuzziness, abrasion resistance, absorbency

of the specimens.

Stiffness of cloth | Fuzziness Abrasion rezistance Abzorbency
(@ {T57) (%) (cm)
30Ne R S e e & L E
(130x68) Twill 0.02 =0.004 154 =1.8 8b:6'=0.5 8.7=0.5
40Ne Hilgl S s g b
(120%100) Plain 0.02 = 0.003 16.2 =0.8 95.2 =1.1 7.3=0.2
60Ne 2 = n G = i
(90%88) Plain 0.005 = 0.002 14.1 =0.7 63.5 =1.3 9.0=0.4
60Ne _ _ = ——
(140x120) Plain 0.009 = 0.001 16.3 =1.1 96 =1.0 6.9=0.4
£0Ne — e - T
(175x105) Satin 0.007 =0.001 13:5,.=1.8 89.9 = 0.6 12.4=0.3
Dye 0.01 = 0.007 15.1 =1.6 90.4 =2.1 10.4=0.2
30Ne
130x68) Dve T o EE s H B R .
Twill SWR 0.01 =0.002 15005 82.=05 0=0
Dve | oor=o0001 | 81205 87.7 =06 10.8=0.5
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Figure 27. Correlation between total amount of fiber emissions and

fabric properties of the specimens.
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Table 4. Correlation between total amount of fiber emissions and

fabric properties of all specimens.

i fi f
Weave parameter | Fuzziness ri:i?smne Absorbency = 1131;:;;.;0
Total amount - < « s
of the |Pearson’d# ~H21 —.429 —.4086 b3z 0.058
reieased e
(f‘b‘fsJ "T(;;if 0.001 0.037 0.049 0.007 0.786
mg ig [+ ]

* AP 7L 0.05 FEAA 79 (FF).

eo FTAA7H0.01 FEAA 2 (22
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Figure 28. Biodegradability of the untreated cotton fabric (30Ne

130x68 twill) in different environmental conditions.
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Figure 29. Biodegradability of the fibers released from untreated
cotton fabric(30Ne 130x68 twill) in the sea water.
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Abstract

Effect of fabric properties on the fiber

release and the marine biodegradation

Seoyoun Kim

Department of Textiles,
Merchandising and Fashion Design
The Graduate School

Seoul National University

The purpose of this study is to investigate the correlation of fiber
emissions during washing with the fabric properties such as fabric
structure and finishing. Furthermore, we studied the biodegradability
of fibers in marine environment compared to those in soil burial and
the impact of fabric properties on the biodegradability. The results
showed that the fabric which has the higher density of yarn and
fabric and the more compact weave structure released less amount of
fibers and the length of released fibers tend to be shorter. Peach skin
finish with microfibers exposed on the surface released more and
longer fibers whereas water-repellent finish reduced the fiber
emission and fiber length. It was confirmed that an average of
16wt% of fiber was filtered through the washing machine, and the

filtration rate increased as the length of the discharged fiber

62 MET



increased. The structural factors and physical properties of the fabric
that influence the fiber release were analyzed, and the total amount
of fiber emission decreased when the fabric has greater weave
parameter, lower fuzziness , higher abrasion resistance and lower
water absorbency. In addition, the fibers submerged in the 7T
seawater showed a lower biodegradability compared with those
submerged in 20C seawater or buried in soil. Also, water-repellent
fabric was less biodegradable compared with the untreated one. Base
on the results, different structure or finishing of fabrics could affect
the amount of fiber emissions during washing and biodegradability in

marine environment.
Keywords : Fiber release during washing, Washing machine

filtration, Weave parameter, Biodegradation,
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