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Effect of Washing Conditions on Dimensional Change and Mechanical
Properties in Polyester/Spandex Knit Fabric

Eui Kyung Roh"" and Kim Eunae”

I)Dept of Fashion Design, Sunchon National University; Suncheon, Korea
Dept of Clothing & Textiles, Yonsei University, Seoul, Korea

Abstract : This study comparatively analyzed the changes in the dimensional stability and the mechanical properties of
stretch knit fabrics associated with washings conditions in order to determine the most appropriate washing method. Poly-
ester and spandex knit fabrics were washed 25 cycles with nine washing condition profiles that controled detergent, hard-
ness. temperature and RPM. The knit fabrics with repeated washings were evaluated by dimensional stability and
measured by the KES-FB system. Polyester and spandex fibers have good chemical resistance. However, the changes in
the dimensional stability and the mechanical properties were observed in washed knit fabrics. After repeated washings, the
knit fabrics washed in an alkali or neutral detergent had good dimensional stability compared with the knit fabric washed
in functional detergent. The washed knit fabrics were extended, stiff, rough, and had a smaller volume. The changes were
the result of the rearrange of polyester fibers which twisted around spandex core and chemical interactions involving the
detergent and the physical and mechanical forces of washing. Especially, using an alkali detergent resulted in increased stiff-
ness and roughness of the knit fabric. In conclusion, the washing in water with low hardness and a neutral detergent can
minimize the changes in dimensional stability and mechanical properties of polyester and spandex knit fabric.
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I gskx EA] 2 g HIlE Bl vwd e zx Ao fabric specimens and garments in test for determination of
Table 1. Characteristics of specimen
. Yarn number Fabric count Weight Thickness
0,
Fiber contents (%) Yarn type (Denier) Weave type (walexcourse/Scm) (m g/cmz) (mm) Remark
Doubl
PET/SP=91/9  Double covered b 00 P20 Plain stitch 103%203 18.15 0.59 Hyosung

% PET: polyester, SP: spandex
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Table 2. Washing factors and levels

2ol mhE Fejol L T
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Factor Level Remarks
Alkali Persil, Henkel KGaA, Germany, 27g
Detergent Neutral Wool shampoo for drum, Aekyung, Korea, 40ml
Functional Outdoor wool shampoo, Aekyung, Korea, 35ml
Hardness 275(2;;1:; IEC 60734(Household electrical appliances- Performance- Hard water for testing: Method B)
15°C
Temperature 30°C Temp & time control system, SH-R-10B40, Korea
40°C
30rpm
RPM 40rpm Drum washing machine, SEW-HAR149AUW, Samsung Electronics, Korea
50rpm

Table 3. Ingredients of detergents

Detergent

Alkali

Neutral

Functional

Linear alkylbenzene(anionic), Higher

Linear alkylbenzene, Higher alcohols (non Higher alcohols (non ionic),

Surfactant  alcohols(non ionic), Fatty acids (non ionic) ionic), Higher alcohols (anionic), Alpha- Fatty acids (anionic)
olefin Sulfonate, Fatty acids (anionic)

Zeolites, Oxygen-based bleach, Enzymes
(protease, amylase, cellulase), Optical
brighteners, Fragrances (benzyl salicylate,
hexyl cinnamal, linalool)

Other

Stabilizers, Fragrances, Antiseptic, Pigment, pH regulator, Migration proofing agent,

Stabilizers, Fragrances, Antiseptic, Water
softener, Pigment, Antistatic agent,
Deodorant

Table 4. Washing condition profiles

No. Detergent Hardness Temp. RPM
P1 Alkali 70 15 30
P2 Alkali 70 40 50
P 3 Alkali 250 30 40
P4 Neutral 70 30 30
PS5 Neutral 70 40 40
P 6 Neutral 250 15 50
P 7 Functional 70 15 40
P 8 Functional 70 30 50
P9 Functional 250 40 30

dimensional change)®ll <=5} FejeFdAS H71SItE. 50%50cm
o] AJFHA <Ml 35cm 7HAC® ] Aol wi=sla, T A
Apo]Z o)=R3El |0 =7+ X Hdl| T nlIElIT) Mg &
Wkl 7t 7 3 7k AE 7 S4% o

A3} 32
= 2ol met MY ES ALt
L -L
Dimensional change (%)= — x100

L: the original dimension

L;: the dimension measured after washing

235. 984 54 2 H

KES-FB system(Kawabata Evaluation System, Kato Tech.
Co. Ltd, Japanys ©|-83l 0%, #3, Ad, ¥4, 455
59 9skd EAX % hand value(H.V)E AF&EsIitt. o))
H.VE= Knit Underwear Winter(KN-403-KTU)E A-&83}312
™, total hand value(TH.V)= KN-304-WinterE 283}
AFst ATt

2.4, By
=9 do|El: SPSS 18.02 Al83l 71&%E

|27, ANOVA,
Duncan®] T35S ARl 431t
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@ (b)

Fig. 1. Video microscopes on the surface of polyester/spandex knit
fabric: (a) untreated, (b) 25cycles (P 1).

M mlngs ggsin Zolzh 71 ehEARS] ARgo R B
WA glov, X Wyl o] mRsh A1l Zlew

3.2. HElRrEY
POl 8/ 2 g =e] wHRAlEo] FEIRPg el v

e G Aurs] 9ele Uz 7 35}94 wyge =
A3t @J}—‘: Table 59+ 7t} ojuf w3 LR Eo

T P
Ao TS 45 olF, MEAge R A A

5
—e—W-alkali --e-- C-alkali
oy —a—W-neutral --g-- C-neutral A
e; 4 T —«—Wfunctional --a-- C-functional
=]
& 3
=
[T}
g 2
o
2
F
E
8 9
-1 t t } t
0 5 10 15 20 25
Washing cycles
(a)
=]
—e—W-15C --e-- C-15%¢C
£ 4 | —=—wac --=-canc
e —a—W-40°C --#-- C-40%C
]
£ 39
o
g
5 21
‘@
3
£
[=]
0
-1

0 5 10 15 20 25
Washing cycles
(c)

Table 5. Effect of repeated washing on dimensional change

N=48
Direction Dimensional change(%)
Cycles Wale(SD) Duncan  Course(SD)  Duncan
1 -0.75 (0.10) c -0.18 (0.08) c
5 0.00 (0.15) b -0.09 (0.12) be
10 0.27 (0.14) b 0.36 (0.11) b
25 1.20 (0.20) a 0.93 (0.15) a
F-value 13.03 ok 9.65 ok

a, b, c: Groups with significant differences according to Duncan's
multiple range test were noted with different letters
*okok

"p<.001
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Fig. 2. The change of dimensional change in the stretch knit fabrics according to washing factors: (a) Detergent, (b) Hardness, (c) Temperature, (d) RPM,

W: wale direction, C: course direction.
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Table 6. The change in the mechanical properties of the stretch knit fabrics after repeated washings
) ) 25 cycles
h;f;:jgzzl —]c)t;:; Untreated Total Detergent Hardness(ppm) Temperature(°C) RPM
Alkali Neutral Functional 70 250 15 30 40 30 40 50
EM w 88.72  88.84 87.38 91.08 86.21 89.63 8824 88.16 90.44 8899 88.58 88.40 90.18
(%) C 59.88 5694 5476 57.21 58.67 5740 56.53 56.74 56.58 57.79 57.18 57.52 55.96
Tensile WT W 47.60 4520 45.05 46.15 43.65 4539 4511 45.03 46.66 4429 4516 44.54 46.15
(gf-em/em?) C 40.65 3747 36.19 3753 38.56 37.54 3736 3733 37.64 37.51 3728 3801 3724
RT W 57.77 5522 55.16 5524 55.49 5541 55.15 55.69 55.18 5456 55.53 5497 55.09
(%) C 48.09  46.54 4556 46.83 47.11 46.60 46.56 46.88 46.86 4571 46.54 46.77 46.48
B w 0.008  0.011 0.011 0.010 0.011 0.011 0.010 0.011 0.010 0.011 0.011 0.010 0.010
. (ef-em/om?) C 0.012  0.013 0.013 0.013 0.012 0.013 0.013 0.013 0.013 0.014 0.013 0.013 0.013
Bending 2HB W 0.013  0.015 0.016 0.015 0.014 0.015 0.015 0.015 0.015 0.014 0.015 0.014 0.016
(gf~cm/cm2) C 0.014  0.017 0.017 0.018 0.016 0.017 0.017 0.018 0.016 0.017 0.017 0.016 0.018
G w 0.52 054 057 054 0.52 053 055 054 054 054 054 055 054
Shear (gf/cm-deg) C 0.69 071 074 0.71 0.69 070 072 070 072 072 070 0.71 0.73
2HG W 1.00 124 132 117 1.27 125 121 124 121 122 121 125 125
(gf/em) C 1.45 1.79 187 175 1.77 179 177 178 179 178 178 178 1.78
MMD w 0.009  0.010 0.010 0.010 0.009 0.009 0.010 0.010 0.010 0.009 0.010 0.010 0.009
MMD C 0.019  0.021 0.023 0.021 0.018 0.019 0.022 0.020 0.022 0.021 0.020 0.024 0.019
Surface SMD w 1.60 1.69 182 1.72 1.48 1.60 177 161 165 187 170 172 1.63
(um) C 4.04 362 397 327 4.00 312 414 383 354 331 38 382 29
Compre WC(gf-cm/cmz) 0.16 0.14 013 0.14 0.14 0.14 0.14 0.14 0.14 014 014 0.14 0.14
-ssion RC(%) 42.04 4587 4636 46.18 44.94 46.03 4579 4585 4584 46.12 46.19 4566 45.61
Thickness(mm) 0.59 059 0359 059 0.60 059 060 059 060 060 059 060 0.60
Weight(mg/cmz) 18.15 17.88 18.03 17.89 17.68 17.86 17.88 17.81 17.83 18.03 17.83 1790 17.92

W: wale direction, C: course direction
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Table 7. The change of primary hand value in the stretch knit fabrics by repeated washing

25 Cycles
Hand values  Untreated Total Detergent Hardness Temperature RPM
Alkali Neutral Fuctional 70ppm 250ppm 15°C  30°C  40°C  30rpm 40rpm 50rpm
KOSHI 4.83 5.33 5.50 5.31 5.17 5.29 5.35 5.29 5.27 5.43 5.30 5.35 5.35
FUKUFAMI 835 7.88 7.63 7.95 8.02 7.94 7.84 7.85 7.88 7.98 7.94 7.80 7.87
NUMERI 6.67 6.86 6.42 7.04 7.00 7.16 6.59 6.87 6.74 7.01 6.91 6.68 6.99
THV 3.50 3.55 3.52 3.57 3.56 3.59 3.53 3.55 3.54 3.58 3.56 3.54 3.57

o J&S Wh=Th(Kawabata, 1980).

A e 2 nAE] AJEth KOSHIZ} Z7Fste] st 7t
7ho] F7KHE HoddEt), Azl ©]gk KOSHIO| =AMl =}
o7} velsitt. dke] AR A Al Wimer 7H7to] Fvket
qom, 7154 AIRZ Al Al Wt 7hzto] Skt thas A
AT 2L Mg Al KOSHIZ} Z718kit.

HHEAERO 2 mjxE] AJErt FUKURAMIZE ZHasste] 3]
73 Feggol Ak &ZE AARE ME A
FUKURAMIZ}F 7H3 @o] 748t 7164 AIAI= Alg
Al FUKURAMI ko] 747F AA] et thE AEkall
o3t ol A gtk o9} 7Z& HiEAgoz Qg
FUKURAMI®| 7Z4E KOSHI?| #3lel whfise dAo=
Agtoz must 7zt S7ol B US-S HolEth

WA ELO 2 NUMERDZ} wlAlskA Z718lsem, Aleza
o o&k 2pol7} vpepsitt. dE] AAIZ A€k Al NUMERI=
ek, FAMAY 71574 AIAIZ AlEE Al NUMERDF 5
7¥elnt. B3t Aot & o wizzego] 1A

Yokura and Niwa(1988) 2H8-23 07 AR EHT} ¢kr/
27~ 3 FE2o] FUKURAMISH NUMERI®] 747} =
o2 3lem™, Kim and Chung(2007) W HAE3} H/A9
gl HAE ME ¥ KOSHIE= %71st: NUMERIZ
FUKURAMI= 7hadte] fAdEo] WiMs|x| 3 Fu)7ke nfj1z
2l2o] Z+43ThL 1T Ryu and Roh(2010y A Aol
w2tA AZete FEE B thETL sigict o)¢h 22 4
= wEAE 9 2ga) e 9o EulF Wyl oz},
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A el 2 a2 /2~ 2~ HAEe] FejekgAal o
s B3 8] Hrlelx] wsiyt B lew, AAek 717
21 Jlo] 7RiAIA =] - E8H syt el AlA1 ¢
o] th2 AMERIAE R FERYAde 84 54 93
A uHE RAFL 71548 AAle oE AAERD
Aol FFE o] Y o= Ulgo] Askslo] Al
o] "ojzlith, Wie] ¢z AAle FHPgddle & I3
7AA] Fgkot, E4tol FS Fof WimsixIct. webr F79
AAR & Axg AEsies o] Fukgde fRlstaA 7
7+ B71x]9] HislE Hislsle A ] MlEplyolnt. BEgh Al
Aol gulE Mejo] Zzof| v/ 2~ HAES] A
T 2700 Fa3HS BoEt)

2 2 AN e Aliske AR S 2E 2
) AN ES AMEsle] H7IoE, AlA| el Ja ok
gt & A JRAF AMSEE 2uE s B Al oig
Feibdet A4 wf #iskE defsket @A vk 28
2= oo tigt FHA A+ B v aAldl tigk 2ol
YAk Bot a3 A s AN F AS ZleR
AlEE ).

41 oy

=1}

=

o

ol

N
o

1
+

3
Kol
.
|
0

M s b

)
z
£
!

I

NI; [e3:)



100 gF=7o/ 78813 A20H AIS., 20184

References

Chung, H. W., Kwen, J., Seok, H. J., & Kim, H. J. (2010). Comparison
of mechanical properties and hand values of cotton/spandex twill
with different tentering-extension rates after repeated washings.
Textile Science and Engineering, 47(4), 240-246.

Chung, H. W., & Kim, M. K. (2005). The effect of washing conditions
on the dimension and mechanical properties of spandex yarns.
Journal of the Korean Society of Clothing and Textiles, 29(12),
1619-1626.

Chung, H. W., Kim, K. J., & Kim, M. K. (2006). The deformation of
knitted cotton fabrics with/without spandex during laundering.
Journal of the Korean Society of Clothing and Textiles, 30(2), 296-
305.

Chung, Y. S., Lee, K. W., & Pak, P. K. (2002). Compatibility analysis
of disperse dyes in dyeing of PET/Spandex blends. Textile
Coloration and Finishing, 14(4), 208-213.

Herath, C. N., & Kang, B. C. (2008). Dimensional stability of core spun
cotton/spandex single jersey fabrics under relaxation. Textile Research
Journal, 78(3), 209-216. doi:10.1177/0040517507082958

Kawabata, S. (1980). The standardization and analysis of hand
evaluation(2nd ed.). The Textile Machinery Society of Japan:
Osaka.

Kim, M. K., & Chung, H. W. (2007). Comparison of mechanical
properties and hand values of spandex/cotton single jersey and
cotton single jersey after repeated washings. Journal of the Korean
Society of Clothing and Textiles, 31(2), 197-205. doi:10.5850/
JKSCT.2007.31.2.197

Lee, C. G. (2003). Pulling-out length of spandex and shrinkage ratio of
fabric in the polyester-spandex power net warp knitted fabric.
Proceeding of the Korean fiber society. Fall Conference, Korea.,
pp. 289-290.

Lee, H. D., Sung, S. K., & Kwon, H. S. (2000). Transactions/evaluation
of tailorability and mechanical properties of stretch fabrics. Journal
of the Korean Society for Clothing Industry, 2(2), 150-158.

Lee, T. Y., Lee, H. S., & Seo, S. W. (1999). Structure of polyurethane
thermoplastic elastomer. Polymer Science and Technology, 10(5),
597-613.

Marmarali, A. B. (2003). Dimensional and physical properties of
cotton/spandex single jersey fabrics. Textile Research Journal,
73(1), 11-14. doi:10.1177/004051750307300102

Park, H. S., Lee, M. H., & Kim, Y. H. (1999). Causes of yellowing in
cotton/spandex knit fabrics. Textile Science and Engineering,
36(7), 565-571.

Rhie, J. S. (1992). Fundamental relationship between extensibility of
stretch fabric and it's pressure. Journal of the Korean Home
Economics Association, 30(1), 35-47.

Roh, E. K., & Kim, E. A. (2010). Changes in absorbency and drying
speed of a quick-drying knit fabric by repeated laundering.
Journal of the Korean Society of Clothing and Textiles, 34(12),
2062-2072. doi:10.5850/JKSCT.2010.34.12.2062

Roh, E. K., Han, J. E., & Kim, E. A. (2010). Changes in moisture
permeability and waterproofness of high-density fabric by
repeated laundering and condition. Journal of the Korean Society
of Clothing and Textiles, 34(11), 1798-1811. doi:10.5850/JKSCT.
2010.34.11.1798

Roh, E. K., & Oh, K. W. (2015). Hand and preference evaluation of
laminated waterproof breathable fabric. Fashion & Textile Research
Journal, 17(5), 854-861. doi:10.5805/SFT1.2015.17.5.854

Ryu, H. S., & Roh, E. K. (2010). Preference and subjective evaluation
of washed fabric hand using conjoint analysis. Textile Research
Journal, 80(20), 2167-2175. doi:10.1177/0040517510376270

Seok, H. J., Chung, H. W,, Kim, H. J., & Kwen, J. (2009). Effects of
tentering and washing on the shrinkage and elasticity of cotton/
spandex fabric. Textile Science and Engineering, 46(5), 269-275.

Tezel, S., & Kavusturan, Y. (2008). Experimental investigation of effects
of spandex brand and tightness factor on dimensional and physical
properties of cotton/spandex single jersey fabrics. Textile Research
Journal, 78(11), 966-976. doi:10.1177/0040517507087685

Yokura, H., & Niwa, M. (1988). Durability of hand in spandex blend
fabrics. Textile Research Journal, 58(7), 398-408. doi:10.1177/
004051758805800705

(Received 30 November 2017; 1st Revised 13 December 2017;
2nd Revised 21 December 2017; Accepted 25 December 2017)



	세탁조건에 따른 폴리에스터/스판덱스 편성물의 형태안정성과 역학적 특성 변화

