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Effect of Yarns Cross-Sections and Structure Parameters of Its Knitted Fabrics to
Moisture Transport of Perspiration Absorption and Fast Dry Fabrics

Hyun Ah Kim'
Korea Research Institute for Fashion Industry;, Daegu, Korea

Abstract: This study examined the water absorption and drying properties of the thirteen types of the knitted fabrics
for sports wear. These physical properties were analysed with relation to the constituent fiber cross-sectional shape and
structure parameters of the knitted fabrics by regression analysis. Absorption and drying properties of the knitted fabric
specimens were increased with increasing the porosity of the constituent yarns, which was attributed to the capillary
channels in the yarns. The water absorption and drying properties were increased and decreased with increasing tight-
ness factor and stitch density of the knitted fabric. The absorption property of the knitted fabric for perspiration absorption
and fast dry sport-wear clothing was mostly influenced mostly by fiber cross-sectional shape and its characteristics,
whereas, drying property was dependent on the structural parameters of the knitted fabric such as tightness factor and
stitch density. Therefore, superior perspiration absorption and fast drying knitted fabric could be obtained in the fabric
structure with optimum tightness factor and stitch density, and constituent yarn structure with non-circular fiber cross-
section and high porosity. GATS method and MMT method are used to measure sweating fast drying properties and it
is necessary to carry out studies using these measurement methods in order to compare with the results of this study.

Key words: water absorption and drying (&5 % %), wicking ($1743), porosity (71%), tightness factor (Ele]EH|

wE]), stitch density (ZE]X] &

’

oX, Ne

Y

Jo
i

o
2
>
>

1o,
E

rok
B
ox, M

r U
o K

g
]
1o

i I

o
09\1.', —h'
g 32 e

E{v
o

= b
v
o,

ofN
&

i
Jo

Ly

[e]
217 (wicking)y’d ]
o oJgt =AM HFste

o

o
Jo M

It

p

2

i

2 i3

i)
o

<

T

],

e K o o U
I

ok

rE oo
off
o,

fCorresponding author; Hyun Ah Kim

E-mail: ktufl@naver.com

© 2018 (by) the authors. This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

457

ZAA

dz
o
oL

o
bt

i
*
ﬂF

N
-

A

N
3

¥o S 1 s
:

.E ]

ol
ﬂF
2
2

ATe
lér

%
ok
ot o,
o

oL e
ok [
9

L)

fd

L
‘b I_,n

ol
e
o
-
A

H
o
Kl

A ik
ox. Mo
flilo
f
o
=5
u)
[o
fol
o i
)
R
!IEO‘V
[-4 g
o
tlo

9 o
2
9

oo N
"
fd

fr oot 2w i ao
o

| 015417 o
o] a7E I gtk @AM A - Bl Fo
A5 Ao 7227
2 1o o5

ATl ShrkDas &

PN ml% )
iy
n

J n}:Hlﬁl
=)
o
=)
[t
Ay

U
£

=z=
o s

P9
)
oX
=2

M

W2
4
fr

[
oX,

Alagirusamy, 2010).

Wang et al(2008)> PET H}HEALS A3} capillary
wicking & (Bireck'dH )2 AAl5le] vlgy e e 7k
Aell 2Qls th2A 3 o] 9HAES A8t Nyoni and
Brook(2006)> UdE66 HEIE Bl 2xAle] #Qle] Wl

2 RERE ATl H2AAF viRe] 7t HeEe] &

Aol kAo 2 IS vHS RIS Perwuelz
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et al. 2000y PET, Yd& T2 FaliAe 55
& QA7elel o] Zoliarel srolEe A el B3H(void)
o EAl 1EE a7, B9, Al o &
_j_a I p:].6]—/\-] o] L]. 23 p o]y ;\]_
o Gt o] 78 A - 99 94715”‘30“ "/H?—?} L:rLE 5%°] T
3= o} It} Das et al.2007) 420l ]
e 2 EA399°21 Harnett and Mehta(1984)9]r Ghali et
al(1994) 5= 2] - HEQ F7ol5S 9 (wetting)Z 173743
oz FRsl] Ayt ol5 AT 9o F&EAEE HUt
ke Wl tiek e 8ol =T KS K 08152
2 FF4 SAHAYLS dop test(KS K 0815)9}  wicking
test(KS K 0815, Bireckly’l 9o AXEY SHHE KS
K 0815 5 7 7FA] whge] A7zl ARG Qlvt. et =
AA 7o) obd A A WRelHA FHEAEE Tl =
A 4 A 2kE WHOZE GATS(Gravimetric Absorbency
Tester System)®] McCornnell(1982)°1 €]sll 2ot o]z o] A
2712 AR A(Kim & Barker, 1993)7} 235312 Hu
et al(2005)°] <J3] 7lEE MMT(Moisture Management
Tester)= ©]8-3F A= @o| == o] YTHGuo et al., 2008;
Mahbub et al, 2014; Ozkan & Merig, 2014; Supuren et
al,, 2011; Troynikov & Wardiningsih, 2011). MMTHHo] &
T 7A2E BAO SHBIAA o] R olF
ke 7S 43k Wyolebd FARRe R Fitols A
TS 43l R 1128 E BAl F8ske e
WER®H©] Slom WERHS 283 A7 (Fangueiro et al,
2010; Hsieh, 1995; 2007; Yanilmaz &
Kalaoglu, 2012)% o] xR =AUt} 22y A|F7A] did
A= SAE AREE A7 AALAQ] |, B2 shla
AQl AL, PET 58 AFEE B 4 - BE 979 Aol

o]r{
fil

[

&
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Y
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Laing et al,

Table 1. Specifications of the knitted fabric specimens

v P Fad Aol id S vag e
3 Aol meh & Arelxle Sjella Aitso] At
3 e =l 3 sk dlol7le] FRkEA e o= Al
FoE 759 92 (Coolmax) FHE A4S ARE-ste] Al
23 1359 2x2 o{8 UE AR FaE14e 48
of AL i FE 2AEe] PALe] T et
254 AR UE 2Ae] F53 254 viAe 9%l
B 7 xAFE YA Pt
2 ot
21. AE

£ Ao ARgE AlRE S 7oA A Sl 53
271 2A) 371X)9} o]5=} H)walr] $18 Dupontolld] AARE 3
She U2 (Coolmax) M-S F9E7 UE 24 5 13714

£ TSI ©)E AR89 548 Table 10 HERASIT.

2.2. HE AEe| = nj2im|E}

UES] #x st 5 7P 593 RS courses per
inch(cpi)2} wales per inch(wpi)e]™ ¢|&2] ¥o2 Aol=+=
QIZFZ stitch density(S)= cpi®t wpie] #OZ (1)AoZ A9
HTHAu, 2011). Cpi¢t wpie= 2t A5l thall 10inch F Z
oF Y ko] UxE EA43lY o] #E inch T UEE 3
2bstsatt.

21 E-9] cover factord] S|FE = QUAZEA] UECA tightness
factor(K)= ()22 AoJEthAu, 2011). (2)2ollA ZEJX|
Aol(lyz 7+ A8 W3l linchd Zols S48t 2Ex] U
T2 vHe Hags (em)E o2 ARSI

ZH 2] dol()= cpit wpioll RSl HH 2 AtelA

Yarn linear density (d)

Density (/10inch)

Specimen no. Face Back Pattern Material
Face Back
Course Wale Course Wale

1 330 241 68 45 32 56 Interlock Coolon
2 552 - 54 67 - - Plain Coolon
3 457 - 78 168 - - Plain Coolon
4 457 - 231 207 - - Plain Coolon
5 284 355 40 56 85 96 Interlock Coolever
6 214 - 282 102 - - Plain Coolever
7 313 355 60 72 86 36 Interlock Coolever
8 469 - 120 72 - - Plain Aerocool
9 391 278 70 44 32 64 Interlock Aerocool
10 393 300 89 54 48 48 Interlock Aerocool
11 300 300 117 192 117 192 Interlock Aerocool
12 308 434 126 138 177 138 Interlock Coolmax
13 360 272 171 117 171 117 Tuck Coolmax
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Table 2. Structural parameters of the knitted fabric specimens

Sy

LE 2 olRp) FEE 28] FROIE FYol v YF 459

Yarn count

Specimen (tex) CPINpIinch) Tightness ~Stitch density Thickness ~ Weight Absorption thi:g Drying rate
no. . B F B factor (K) ) (mm) (mg/cmz) (mm/10min) (min) (g/min)
cC W C

1 36.7 268 6.8 45 32 56 342(22.8) 30.6(17.9) 1.69 13.23 40 150 0.288
2 613 - 54 67 - - 474 36.2 1.21 15.34 186 75 0.215
3 50.8 - 78 168 - - 87.7 131.0 1.31 16.37 233 70 0.299
4 50.8 - 231 207 - - 156.1 4782 1.13 15.76 139 45 0.121
5 316 394 40 56 85 96 27.0(56.8) 22.4(81.6) 1.67 14.82 238 123 0.316
6 238 - 282 102 - - 93.7 287.6 2.09 18.41 137 132 0.299
7 348 394 60 72 86 3.6 389(383) 432(31.0) 1.86 18.66 131 122 0.276
8 52.1 - 120 7.2 - - 69.3 86.4 1.63 15.09 291 137 0.284
9 434 309 70 44 32 64 37.6(26.7) 30.8(20.5) 1.91 18.24 66 135 0.300
10 437 333 89 54 48 48 473(27.7) 48.1(23.0) 1.82 14.88 285 130 0.145
11 333 333 11.7 192 11.7 192 89.1(89.1) 224.6(224.6) 1.90 25.97 257 205 0.159
12 342 482 126 13.8 17.7 138 77.2(109.3) 173.9(244.3) 2.17 1543 244 157 0.137
13 40.0 302 17.1 11.7 17.1 11.7 91.0(79.2) 200.1(200.1) 1.58 10.63 275 112 0.152

note : F : face, B : back, C : course, W : wale

2 () : vlaue of back place

= inch B 243 2E]X] ZolE inch T coursefgtoZ it =St

skl AlXFSEETE Table 20 ZF AJRE9] tightness factore} Table 200 13714 UE A|8¢] % Fefvete} 33 £44

stitch densityS YERA AT

S=cpi in coursexwpi in wale )
K== @)
23 EEAN 5H

o] g (Bireck) M (KS K 081502

J3le] AlRe] 3% &2
Yo o108 Fo 978 2
ol(mmE =43k ZjZEEHO KS K 0815A%el] <3
2742°C TR57F EAUNE $3200 40cmx40cm A EE FAA|

e} Aol E480] o ol 2

217 (wicking)5d-&
AAEI e 20emx2.5cm SE

©e 2742°Ce] SR FEdl

o =
= ¥

F3 4417

< o 2A47)7)0) ANES A3 EabEeN AAAxE wrt
A A= A7HminyS 7AZ&(drying rate)= SISt gt
ol W Algo] 7] FAE 4T F 108 (HHOE A8 F
AE F783te o] A 271 FAE W g Alsdd Fols)

£ R FAR 3 At 7 3R FE7 FA(gminz 273

stk o) W AR FAE AZ7171e)
o e 49 dolel= A

ANl o3 A% 24

3. 2% & =9
34 A £ MM LE 2X oIXjol mE LE 2Kiel &

< Uehlle E4XE JERMIATE Fig 12 13717 Al89
course9} wale®3Fe] 1A BHES YUebd Aot
Coolon(no. 1-4), Coolever(no. 5-7), Aerocool(no. 8-11) ZZ]
3 Coolmax(no. 12, 13) 5 47K Al&2F°lA AerocoolZ}
Coolmax A]ZE©] Coolons} Coolever A|EFH T =2 97
e HATh 53], Aerocool AlE(no. 8-11) & 9 A|E+=
FAZE FAL S FAZE FASHEA Efe] Ev] 2 (tightness)
HE] (factor)9} 2E]X|(stitch) W=7t 5 W2 AlE2 $174
o] vk k& Hloy gzt 10 283 11 AEe B

1 2 3 4 5 6 7 8 9 10 1 12

1. Wicking height of the knitted fabric specimens.

=2

R = 2w

350

Absorption (mm/10min)

2

Fig.



460 SO FY GBI AR20H A4S, 2018H

(a) Coolon

(c) Aerocool (d) Coolmax

Fig. 2. SEM images of consituent yarn cross-section.

A4S Bk WA Coolon(no. 1-4) A1 &5 3
Coolever(no. 5-7A8 5 S¥ Al8= FAE vl24 g &
ElX] 48} Elo|Ev|2 HHE 23S B 9FA0] =2
e Both ZEu SE1R] EEst Ble|EvA HET 58] W
A 22 w2 o5 AEGEY, 59, 9HE AlQlg A A
TS0 AL T FA| T P k=Tl AL oF
<= At} o] Fangueiro et al.(2010)2] <9 x5k A}
2 F A8 7 A FolA HdE AR dHE
Coolmaxe} H]2=32 Outlast® UE 2A]e] 9174¢0] 93 &
HE 7 gE A B 953 A4S BHol, YE &A1Y
97 Ase YE LA U] ZAH 7]FE3 (pore distribution)
| FES FA "o ol JF BExE UES AR
H 4 FA, ZEA] U 283 Elo|Ed| HE e}
T2 el FEe il §F AdeidTet fAket 4
IE HeRf T

Fig. 20| o|& 471X AlEw59] 9 34& Yepliddrt 4
7 A7t B HhE SHolR| Y ARE Aol Bl <)
7 (capillary wicking)e] o] A4 5 = Aerocool?} Coolmax
o] T Qo] 713 (porosity)’F o] $173/30] =L Coolon
7} Coolever®] 7-¢= @ FAe] 7]3&7t o $177d¢]
s S Hole ZoR ket 2y gk dFdRel
39, s 23 9 ARAE YES FEIR o3 %4
o] gEAE EHE QI8 Elo|Edl: HEeF 2E1X] x| of
3} 1,]7]}4_0_ Z:/\]—OI— l:}—
137F4] UE AlF2] Ae] W49} I (course)2}t Y (wale)
o] Wert BF tE7] i ol d3 dxe] g3
Z3H(normalize)r17] SEHER] Elo]EM| A ZE|(K)9} £E]
=Sl tist 917432 Fig. 390 =AISFATE Fig. 30041
Uxo] HES] Elo|EU|2e} 2E|X] WErt 270 F7}
AAEL F7tets @3S HolH ol UE T4
A& 718l wet AFHES TS o, 78 AF

2
021, m

|

o 2

J

o

Xy

=
o~
T
o

<]

Lot n

g & 8

Absorption (mm/10min)
gz

Y Wt EAPE A, 5, Hue)

el ek Skl wet UE 7

N
[y

o, o flr
o>

3 o] ZpolRHA BAF $17o] Frkeitit Bert of
T S7¥e 71gel S Aokl wet 917 ishe T
< HAS & F Utk ©] ZF= Yanilmaz and Kalaoglu
(2012)9] A7ellM A7 9] wole 71 Abel=el whlEditk=
A} AR &, UE &4 W9 713 Alo]=7} A&
= Al o] STtk 17 Srsitial Bttt &
3t Troynikov and Wardiningsih(2011) ellX= BAZ
ol 94?'511’\1 ]E Ago] FES F5Y de 22 2719 7]
Foll FE o] H1A AYAL, 2 ool E VTR F
o] O]%OM 7% 277y ALE I olF AR E wE
Hola 7o) frsirtal Barsigict

S, Fig. 45 137FA A189] ZAXREAES =AIS ol
Fig. 4@a)= A5 AxA A 4L dHoJE =z Al7Kmin)
Hale] W& AIE719] Aol o8 SHE AlE e A
o] 7+A3lE TA|SH Aot} Table 20 UERH drying rate
(min.)= Fig. 4(a)°] Aolx A5FA7}E o o) HalslA] ¢
= A7 9k Az € wrkR] Ad Ao g A=s Ax
£ AEERE JER Zlelth. Fig. 4bplre A& &9 77
T A7 meh A& el %}ﬁlﬁ T FARA FA
7h ke e 7H W 1xAde] et ARE vERTL

Fig. 4(b)IA $1734d¢] 43+ Coolmax A& (no. 12, 13)<]
Az7go] Hlad 3t AFE Holm wifR 91740 e
AIN}E HAY Coolon AF(no. 1-3)5] AXREAS FAZF
2 g B tE Xﬂﬁ o Hla| FjH s e A3E El

At olgfet Ak o] 91740l £ Coolmax®] 7
(no. 12, 13) BAIH F2-8 A SEe 7R 2 ‘%%’-

2oFe] © FAdell o8l St Bol dojum ARA®
2 o 23 T2 9ES A ARE Al F
IR FE FREC] & WA UM x5l —?JF%}
AFAES Holx Aoz AlgHL

a3y 97Ade] B Coolong] 7Z$-(no. 1-3) AHE A}
o]o] F=o] Folx BAFAG $1Ho] HA dojus Al A

ﬂi’

¢
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(a)

Fig. 4. Drying rate of the knitted fabric specimens.

2 Al R RSV FEE w2 I oA e
Wal7F dAste] AEREARE W ARE Hol=
Zit}. o] Fangueiro et al.(2010)2] A+-ZAzkel AX|&HA
Coolmax UEE A AXEA BT 53 vhd " A=
2 Outlast = $9174E 5t AxEARL we A
< 7
o

. o]= 7+& PET &AolA £

s

b 3ol A2 G AxEA 0] W AAE Btk sidith
S Ml AFA Outlast” 2412 BHE UES] 97 54L&
Coolmax®} o] it AxEA 0] & AL, Axs 74
252 macromolecular E4 % & 49
s siATt. o8t A= PP(polypropylene
2 ¥ e 7x2AE 7R YES] 97 542 E
7} S5} AZEAS PP UEV} B $5etke AddMw &
Qg & ik Bt

3, V=)

Mo
1
o
1
=
&

0.250

éﬂlm'
gﬂ.lﬁﬂ' -
gl“ml | I | I I
1 2 3 4 5 6 7 8 % W 0 12 13
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Drying rate (g/min)
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Fig. 5. Drying rate against tightness factor and stitch density.

Ed| "Eje} 2ER] "R wE 137K A5e] 1ZE(min)
o] Wsls = Zoltk Fig. 5914 & 4 U%e] Blo|EY]
22 IEj9} 2E)X W] wE AxEA 0] YEixy sl
Meflxje] HAHNA A o] AXEGES Hole UE #2104
7F EA18H o= Fig. 3004 Bl 9% 543 722 27100

7.
(e)
A4¢) $24% BYS % 5 dok F, UES Wwrh St

iie)

Table 3. Regression analysis between absorption, drying and knitted fabric structural parameters

y Regression equation R p-value (0=0.05)

y=-102.442+5.716(K)-1.41(S)+76.733(T)-1.947(W) 0.376 0.380

Absorption (mm/10min) y=-118.384+5.7(K)-1.417(S)+68.53(T) 0.370 0.224

y=31.494+4.786(K)-1.208(S) 0.315 0.151

y=-71.345+0.031(K)-0.063(S)+88.482(T)+3.117(W) 0.727 0.022

. . y=-69.657-0.055(S)+88.08 1(T)+3.118(W) 0.727 0.007
Drying rate (min)

y=-79.219+93.833(T)+2.637(W) 0.696 0.003

y=-52.532+103.592(T) 0.649 0.001

. . y=0.001(K)-0.001(S)+0.108(T)+0.002+0.031 0.750 0.016
Drying rate (g/min)

y=0.001(K)-0.001(S)+0.118(T)+0.047 0.731 0.006

note : K : tightness factor
S : stitch density

T : thickness

W : weight
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