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Effect of Porosity Characteristics of Hollow Composite Yams
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Abstract: The wearing comfort of garment is governed by two kinds of characteristics such as moisture and thermal
transport properties and mechanical properties of fabrics. The porosity influenced by yarn and fabric structural parameters
is known as main factor for wearing comfort of garment related to the moisture and thermal transport properties. This
study investigated effect of porosity of composite yarns to the moisture and thermal comfort properties of composite
fabrics made of hollow composite DTY and ATY yarns.
proportional to cover factor of fabric, but cover factor was not correlated with experimental pore size. The wicking
property of hydrophobic PET filament fabric showed inferior result irrespective of porosity, pore size and cover factor.
The drying rate was superior at composite fabrics with high pore size and low cover factor, and pore size was dominant
factor for drying property. On the other hand, thermal conductivity of composite fabric was mainly influenced by cover
factor and not influenced by porosity. Air permeability was influenced by both porosity and cover factor and was highly
increased with increasing porosity and decreasing fabric cover factor.

The theoretical porosity and pore size were inversely
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Table 1. Process condition of composite yarn specimens
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3100m/E 22 POYE 2 Ax7|Ho] Ax" =
A71 o) A wrAFSE Tt
WAl7lo) A HIAEl =3 PET POY  50d24f=

Friction type &% 7}97](Draw Texturing m/c, AIKI,
Japan)o]| 4] 30d24f= 7} % o] A3} PET hi-multi
65d/192fZ E3HA|A DTY 95d216f %5 hi-nulti £3
TYS AR5\ ch $HH =3 PET DTY 30d24f= core
Ho||, PET 45d24f2 effectiiol] E9JAA 7] 7Fd7|(Air
Jet Texturing m/c, AIKI, Japan)o|4 &3 B3 ATY
544SEE AZSAL ol AEE AAelA Az
B3 7Frte] BHEAL Table 10] Lrehoick

2.2 HEMNRS M=

A EA 2= PET 50d/36f AALS AALZ ALES}
I Table 1o 21 PET FFAL B3 DTY, £3
ATYE YAIE A3 AE A 7}A 2} PET hi-multi
DTY 50d/144f5 ZALZ AHEstal YAHES 99 Al
7HA] A=t FLsHA AHESte] AA A= oA 7t
A AESE rapier 7oA AFSATY. 7ISEE
=27 st7] sl 1HoA 3 Al2HT 49 A 6
H Az o] AR ALY xS w9 A=Y cover
factorS WHIMA|FH T 28] FARRE Ao AMEH
A 71FEE H=2A 7] s 3T S
DTY® ATYE ¢Atel AFstgen L4479
Ao =z aga AE 9=t g% V3= |
IS gotr7] 93 AL 2R FF o= A A5
At Table 20 A& Al 2¥9S YRl

231 A EY &
(1) AHYEH

KS K 0416 ¥

Yam specimens

Composition

Process conditions

PET hollow
DTY 30d/24f

PET hollow POY 50d/24f

- draw ratio : 1.67
- velocity ratio : 1.43
- yarn speed : 500m/min

- heater temp :

180C

DTY 95d/216f

PET hollow DTY 30d/24f +
PET hi-multi 65d/192f

- velocity ratio : 1.43
- yarn speed : 500m/min

ATY 75d/48f

PET hollow DTY 30d/24f +
PET 45d/24f

- yarn speed : 300m/min
- nozzle angle : 85°

- air pressure :

7bar
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Table 2. Specification of fabric specimens
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) Yam Fabric density Weave
Specimen no.
Wp WE Wp(ends/in) We(picks/in) ~ Pattem
1 PET hollow 30d/24f 124 120
PET twisted SD
2 50d/36f DTY 95d/216f 124 108
3 ATY 75d/48f 124 115 .
plain
4 PET hollow 30d/24f 240 202
PET DTY hi-multi
5 50d/144f DTY 95d/216f 240 182
6 ATY 75d/48f 240 190

*note; SD : Semi-dull

Hol| 9] AS}e] Testometric Co.(UK) Model MICRO 350
= °]&3ste] A& Zo] 100mm, L= 100mm/min]
z7os AdRE, ARAE, 27|BdHES 103
Agstel BEAE Mgt

A5 7| F=2} cover factor 5 A ¢
3 AEFAKS K 0506), A=FA(KS K 0514),
B AL 9Jabe] W(KS K 0511), FASE $JALS]
Aol AUz (KS K ISO 206008 =A3stach JE
o] i FAHS FE-SEM(S-4100, Hitachi Co., Japan)

&

(2) Wickingd

Wicking E4J-2 Bireck method(KS K 0815)¢] 2]
3 ATt 20cm x 2.5cm AEYH A|EE FH|
Az BE BEE 2700Ce ZRETF @A
2o Fo] 10& $9] wicking® Zol(mm)E
ahsict.

(3) Hz=EH

KS K 0815A woj <oa) =A3}gc}. 272C =
F7F AYE =29 40cm x 40cm A RE A
AlA &3] FTARAT7E Aol E8=°] § 9]
A "oR A & W SHAFA ARE 22 &
AHolA Az E "7tA AlZHminyS Ax
(drying rate)2 =73}t

I 3o ok
o (r &

o AN

BFAYFG3A A 267 A 35

(4) 37|F0=

Z7| &1} (air permeability, R, cm3/sec/cm2)% KS
K ISO 9237%9] 9J38] Fx 3300(TEXTEST, Swiss) #|
2718 At Al237] 30cm x 30cmE 57 &
ulate] Algetanh. 2719 100 pag E71ETW
2 20eme] R 5 ok Al s} 37 %=

RS 273t

All' pemeabl]lty(R) = %X 167 ........................ (1)

where, Q : arithmetic average of air ﬂow(cm3/min)
A : area of specimen(cmz)

167 : conversion constant

(5) ¥z EY

KES-F7(Thermolabo II, Kato Tech. Co., Ltd., Japan)
2 o83t AHEEE ZAstgon FLad
AYe= 22+1C, 70+5% RH)O\A ZA3tqch.
S5cm x Scm 279 FEBAEE 37 Fv|ste] A
ool o] dede 2R ol el 93
& A & E(thermal conductivity, K, W/emC)E =43}

et

We D

Thermal conductivity(K) =

where, W : heat loss(W/cm®)
D : thickness of specimen(cm)

AT : temperature difference('C)
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(6) ®E2l 7183 27| EH %ol ALY W2 ATY EFAE £o04

AEA RS 7]F =Z7](D, um)= Capillary Flow Zo| ke Agx EAL2 FF DIYAL 53
Porometer(CFP-1200AE, PMI Co., USA)E A}-£3}9 < ¢ & Utk oA DTYY HAGAI=7F ATYR
ofgf o] 2A(3)em AL offollA dofA = oo & S HoFEs YdeF Hoxn ATY
ok} ote aF oA E7E v 27 o) 7)ol F2 A2 A Wi el AA
2 A4St A mY 7|FER 5 DIYET} © & RE5gAS woltty Atz dch

CT 3.2 AL Y EiZo| TXEMT} JIBE SAmlo| AEhY

M d V(D) = 5 e 3 _ i
easured porosity(D) p 3) A 7]FE(total porosity, &)= F|EQ A HI
(Vfabric)oﬂ EH‘:__]_- Z—}%LH %7] "?"\—ﬂ‘g] H](\]POTCS)E Xé
where, ¢ : constant o SA7} s2L 7|2 AL o=z
T : surface tension of liquor(dyne/cm) 27 (hydraulic diameter, Dy)o]2tT B ahm A)(4)9}

p : pressure(1b/(in)’) 252 Ao =},

3. Zmt ¥ ma ,
e= I/pm'es % 100= ( pfabrt( ) % 100
= abric ibre
3.1 5T 28 7joAle] 7xol B4 24 ! ( N M | @
=(1 > 100

Table 301] H]—}\]'E]' ’(5‘1 PET 7]'%/\]‘9} 0] ]}abr/( 1000- pf/blf’

PET hi-multi 65d/192f¢}e] E3t DTY 18|11
PET®} PET 45d/24fe}e] 22 ATY S A 7}X
o ot BAHL HATh Table 304 B % 9l

where, prrc : fabric density(g/cm’)
prie © fibre density(g/cm’)

Moo ol
O ool &

23 PET 1¥ A2 Adzel % nEf AV} Trabric : fabric thickness(mm)
o]E3to] EFALSl 23t 3 ABEHTF =2 ZHS Miupric : fabric weight(g/cm’)
AEe I 4 gom FVAEE ot we e
- 44,,. 4ab 2ab
) =23} A = A — _pores _ — 290
Bolth 28 E3 DTY A|59 391 B3 ATY A2 D, =5 3 th) ~ ath 3)

pores

o] AYAEL Wad e Hold FGAEL 2
Y= Eio] 947 DTY Bl 2 e 24
o Q% mEIHAE uE ATY 237} tﬂ

e UERflo] ATY BRHA7L tha stiff 8 2

where, Apores : pore cross-sectional area(cm’)
Prores © the wetted perimeter of the cross-section(cm)

—1> rlu

d : yarn diameter(cm)

Figure 19 PET hollow 50d/24f ZZIHZZ& _ 1 _
. warp yarn
10%)9] SEM SRAAT FF DIYS ¥ 74 % warp density
_ N . 1
Alo] = AR L& fo:] A E _ _
Akl &H SEM ARZlE Bt} Figure 194 & b= weft density ~ Gwest varn
Table 3. Mechanical properties of yarn specimens
Tensile property
Specimen o
1o. Yam name Composition Tenacity  Breaking strain Initial modulus
(g/d) (%o (g/d)
1 PET DTY 30d/24f PET hollow POY 50d/24f 4.36 3.75 114.4

PET hollow DTY 30d/24f +
2 DTY 95d/216f PET hi-multi 65d/192f 3.59 5.84 68.7

PET hollow DTY 30d/24f +
3 ATY 75d/48f PET 45d/24f 371 4.86 82.4
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(b) DTY 30d/24f

(c) DTY 75d/216f

(d) ATY 75d/48¢

Figure 1. Scanning electron microscope of yarn specimens.

(a) x2000, (b) x100,

StH 7. Zupin SV B Hu7]Z%(volume
porosity, P)E O Helata o2 APAS
vlwstct 283 &9 cover factor(C)e= ARE
Moz NMz Aol AE FEAes A
o mue YEax gBran Bl

Md*w )

P, = 100(1— AL e (6)
where, M : fabric mass(g/mz)

d : diameter of thread(mm)

T : fabric thickness(mm)

L : linear density of thread(tex)
Cy = (Dydy+ Dydy— DydyDydy) -wweveeeeseeeees (7)

where, Dy : warp density in threads/cm
D, : weft density in threads/cm
di : warp yarn diameter in cm

d> : weft yarn diameter in cm

AR A AE Amel sFEst 713 A
183l cover factorE AAS}7] €3] Table 40 =
A A S A% Wpeln A7 d4E Al
fom, Agel A% 99 WRD,), de A

A G 1857 A 267 A 3

(c) x100, (d) x100

Lrl), 283 A=Y FAD, FAM) 5= =
shof A(elH ANS ol gt YEARS 7
Z(g, Py), 7159 37|(Dy), 323 cover factor(CHE
AR olE AMGE  5747]F=(measured
porosity)@} Bl O, I ZHS Table 40 Rt

Figure 20 oA 7} HAEARY A 7] FE ()2}
3 713 =(P)Y HAE Holw, Figure 3] oA
7HA AIRY 7]F3=9F cover factor®} hydraulic
diameter®] BAE Z=AISHAT Figure 2004 = 4
JdTol A 7|BErt By 7|2E Hrt © 2 e

AE & & Yon JRE A BEE HE

_—

0.8 -
W Total Porosity(e)

0.7 4 [ Vol.Porosity(Pv)

0.6 -

1 2 3 4 5 6
Specimens no.

Figure 2. Calculated total porosity(¢) and volume porosity(Pv)
of fabric specimens.
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Figure 3. Diagram between porosity and cover factor of fabric specimens.

FAY FAZ AdE gelAT RYr|3Es AE 4,5, 681 A2 42z AHE fAE F3AL T
of A, FA ol9de] EHE A AAH} WFE EF DIY, FITEY ATY oA o849 & 7t
A ghol7] Wil 7159 Fy7t ¥ A2 g A WO porosityoll= & AolE HolA PSS
7L Aoz dddch 2y 1, 2, 3 A=Y & 4 Qlrh
Table 4. Calculated and measured structural parameters of fabric specimens
M
eaSl-ll’ed am diameter Measured fabric Total Vol. Hyd Meas-
Specimen yam linear (cm) density Cover Fabric Fabric o v rulic ured
P density(tex) factor thickness weight po po i poro
no. 2 -sity -sity  -dia. .
Wp Wt (&) (mm)  (g/m’) Pv -sity
Wp WE Wp W . (®) (Pv)  (um)
(ends/cm) (picks/cm) (nm)
1 8.04 3.30 0.0106 0.0068 54.30 53.71 0.7310 0.14 54.1 0.720  0.557 9390 60.81
2 8.04 11.26 0.0106 0.0125 54.30 48.33  0.8320 0.18 73.1 0.706  0.557 79.95 63.69
3 8.04 8.77 0.0106 0.0111 54.30 51.47 0.8181 0.18 72.1 0.709  0.560 80.40 51.65
4 5.69 3.30 0.0089 0.0068 102.36 9037 0.9658 0.14 87.0 0549 0321 1488 0.95
5 5.69 11.26 0.0089 0.0125 102.36 8146 1.0016 0.18 111.6 0550 0325 327 1.72
6 5.69 8.77 0.0089 0.0111 102.36 85.04 0.9950 0.19 107.0 0592 0382 7.88 1.24
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Table 5. Moisture and thermal comfort properties of fabric specimens

Wicking(mm/min)

Specimen no. Drying rate Air psermeabi!ity Thermal c01:ductivity
Wp W (min) (cm’/sec/cm’) (W/mT)
1 1 1 25 10860 0.028
2 1 1 30 9900 0.038
3 1 1 30 9504 0.040
4 1 1 60 33 0.032
5 2 2 65 58 0.045
6 2 2 65 54 0.046

Y1 F 5 A %6d A 35
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Figure 4. Diagram between drying rate and structural parameters of fabric specimens.
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Figure 5. Diagram between thermal conductivity and structural parameters of fabric specimens.
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Figure 6. Diagram between air permeability and structural parameters of fabric specimens.

Zobeol wWet F/ISREE 3 Fae B 4
gk 2Eu FRAAS FF B4 A8 B
cover factorJtC 2 IV|EFNEE APl AL @
A7k BT 4 od 43 AFEe J1gAsE
o @ Agel FFEEe & 4 9t

h= =

3.5 ZlZ9| SEM ARl 24

Figure 73} 8of ZArel 9IAPLEF SEM ARxl it 2]
E #9 ARRlE 2o

Figure 7914 & 4= 1o A 9IAF H3F =
=1, 2, 3 A&7} 4, 5, 61 A RET} loosed}H
porosity7} E22 & 4 e 1, 2, 3¢ AR F
AL 1W, 28 4, 5 68 AE FAL 49
A&7} porosityZ7t w2 A2 HojZoh o]t

Y1 F 5 A %6d A 35

visual$h 7] F = Table 40] AAME  hydraulic
diameter7} 1¥3} 49 AN E7F 7} & L 7=
A A3t AALE cover factorx]7F A 1H I}
4 NEI} A e g s AT At
a3y AAE o] & total porosity(e) A= 1¥HIL 6
WoARA A 2 ge A
porosity (POl A= 183} 69 =7 7HE 2 e
7k whE, 24 7] = (measured porosity) ol A&
23 A2t sH A BAA AR = e 7HAA
visual St 7|2 X9} thA 9] Apo]E Hlth
Figure 8o] ®¢l ZE FUARAE &
o] 4, 5 6H AFZHT} 1, 2, 3H AR 7|Z
(macro pore)o] © = AL Fe T 4 goyt

33 el o

o|2 volume

S o
+ 9

micro pore= ZAXZ



53 2 T80 7B 540 DY RS HEo| HHSN| 0/Xls Y 227

(b) weft

Figure 7. Scanning electron microscope of the warp and weft sections of fabric specimens.
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