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Abstract

Moisture related properties of fabrics in dynamic modes are considered to be important in the
judgement of the subjective comfort characteristics of clothing fabrics. In the current study, an
attempt to improve the cobaltous chloride test method was made which has been known as a
convenient screening test for dynamic surface wetness.

The color changes of cobaltous chloride treated fabrics on the simulated sweating skin were
calibrated against standard color strips. The standard color strips were made of all typs of test
fabrics and installed inside of the test tubes containing a series of saturatéd salt solutions, which
gives more quantitative informations on dynamic moisture transfer.

Influences of fiber types and finishes on dynamic moisture transfer in textiles were studied
using a single layer of fabric samples. Fiber types included 100% cotton, C/P 50/50, C/P 35/65.
Durable press and soil releasefinished cotton and C/P 50/50 fabrics were also included. There
were significant fiber effects on the dynamic moisture transfer. The order of time taken to
reach to the specified % RH was C/P 35/65<C/P 50/50<100% cotton fabrics.

It was possible to detect significant finish effects by increasing the concentrations of
cobaltous chloride solutions. The order of time taken to reach to the specified % R.H was
durable press< pure<soil release finished fabrics.

Double layer experiments were also conducted using cobaltous chloride treated cottonor C/P
35/65 fabrics as the outer layer. Polyurethane coated fabrics, ultradense woven fabrics, 100%
cotton, C/P 50/50, C/P 35/65 and 100% PET were placed at the inner side of the outer layer and
tested. It was shown that cobaltous chloride treated 100% cotton fabirc was easier to detect
color changes than C/P blend fabic in the double layer experiments. By placing test sample

under the cobaltous chioride treated cotton fabrics, it was able to detect the differences among
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the test samples, some of which were known to be difficult in padding with cobaltous chloride

solutions. Besides, the doulbe layer method would provide with the broader application of the

cobaltous chloride method in future, since it is possible to test the dynamic moisture transfer

of clothing as worn.
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Fig. 1. The cross section of the skin-microclimate-
fabric-environment system®.

C.=moisture concentration at the skin surface, g/cm?®

Cn=moisture concentration in the microclimate
between the skin and inner fabirc surface, g/cm?

C,=moisture concentration at the inner fabric surface,
g/cm?

C, =moisture concentration in the bulk fabric, g/cm?

C,=moisture concentration at the outer fabric surface.
g/cm?®

C.=moisture concentration in the environment, g/cm?®

gs=moisture flux from the skin, g/cm?®. sec

g.=moisture flux through the open air space in the
fabric, g/cm?. sec

qr=moisture flux passing along internal pore surfaces in
fibers, and passing through fibers, g/cm? sec

q.=moisture flux passing through the fabric, g/cm?. sec
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Table 1. Physical properties of fibers and fabrics

Fiber Cotton/Poly- Cotton/Poly-

W Catton Polyester ester. 50/50 ester.35/65

type Scoured, Kodel 424 * *

bleached Cotton (heat treated)

Staple length 9/8 inch 3/2 inch *

fineness 4.5 micronaire 1.5d * *

yarn number 30s/36s 30s/36s 30s/36s 30s/36s

{warp/fill)

** pwist muilt- 4.1/41 2.5{2.4 3.6/3.5 3.1/3.0

plier (warp/fill)

fabric count TOWXTOF TOWXTOF TOWXTOF TJOWXTOF

(W/inchx Ffinch)

* Each Cotton/Polyester blend fabric is made of identical Cotton & Polyester fibers described.
** Twist of Polyester is decreaesd to compensate for the mean staple length in crease, i.e., adding 3/2 "’Polyester to

9/8* Cotton fiber,

Charact. Weight Thickenss Count (Warpxweft)/
Fabrics g/m? 0.01mm inch?
COT : 100% Cotton, no finish. 110.2 29 70 x 70
COTD : Cotton, durable press finish, 115.0 27 70 x 70
COTA : Cotton, soil release finish. 125.5 26 70 x 70
C/P-35/65 : blend, Cotton/Polyester -35/65, no finish. 116.0 29 70 x 70
C/P-50/50 : blend, Cotton/Polyester -50/50, no finish. 113.2 29 70 x 70
C/P -50/50D : blend, Cotton/Polyester -50/50, ‘durable press finish. 118.4 27 70 x 70
C/P-50/50A : blend, Cotton/Poleyster -50/50, soil release finish. 129.7 28 70 x 70
PET : 100% Polyester, no finish. 115.6 26 70 x 70
UWF : Ultradense Woven fabrics. 1123 16 140 x 90
PCF : Polyurethane Coated fabrics. 68.7 12 114 x 100

(KSK 0514) (KSK 506)
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Table 2. Fabrics tested at each experimental group

Method
Indep: Single Layer Double Layer
Variable
Fiber Type coT COT (CC*), C/P35/65 (CC*} —Outeriayer
C/P 50/50 COT, PCF
C/P 35/65 C/P 50/50, UWF ::l Inner layer
C/P 3565, PET
COT, C/P 50/50 COT (CC*) — Outer layer
Finishes COT A, C/P 50/50 A coT
and COT D, C/P 50/50 D COTA i inner tayer
Fiber Type coT D

CC*. Cobaltous Chloride impregnated fabrics

2 hrstost g At 94, 574 4ol 4

oieh,

3. 2lZe| g3t ALUE(CC) x| I Calibra-

tion

Al EZ(26x36cm)E 7HE-E AlEbAZ A)32o] Aleb
1 & SH42 3539 92, 100C ovenollA A=
171 diA)#lo]Holl 4 Aoz g Aljlch, F&4)
ritonX-100) & ¥H7HE SRl X185 3087 “J

7} electric padder& A& 3F°4 A 28 23] HHE
k. 25% ®= 35% 33k 3ube (CC) ool 2124 30
-7} wlzkcdrl electric padderi A3, o] A&g&
0°C 2l ovenoll 4] 147} o] 4+ A 24} %] % add-ong
ek, Algd 2E 12eme) 9308 A} ovenoll 4
l25HH, 5ol 794 ovenell 4] s 7z8}o] vfA]4]
Eoll 4 Bsloicts} AR}, AlA Fgsle g
2 mAe 52 75cm?olrt, CCE #2)e 7—3?«]
wglol {3t calibrationd 3t7ig)s] Alsichatel w1

r-?L b

EE Ao CCEAE AHelste] A4 A& 1X10
cmé] HApdgog Adhdlo] whAHQA (0%, 35%.
44%, 52%, 75%, 85%, 90%) RHE F=| 3l 254
|l (calcium chloride, chromium trioxide, potas-
sium carbonate, sodium dichromate dihydrate,
sodium chloride, potassium chloride, zinc sulfate
heptahydrate, Alekg 1F) 7709] Al&aldol] @a 4

AAE A Hegc A AgAE AYEzAS 5Y
’5& %E- CFEE A AFF el BA S o] F
T 3y Adol =29e wio] AE FFA0 2]
calibrationdtsd},

pletely Randomized Design)ol] we} A14-3}4) Aol 2
E ol Ao ElellA wiu) by

30-40% steoll Al 2 AT Aol utel o] ¥
S Yol A FeAlz] ¥ }% 7;1—% kgiel, of wl 1e
9] z3}9d gollalo] 9}

& o A Aele A17He FH
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Table 3. % add-on of fgbrics
Concent- 25% CC soln. 35% CC soln.
Fiber c/p c/p c/p c/p c/p
cor 50/50  35/65 coT  COTA  COTD  5g/50  50/50A  50/50D
CC% add-on 17.9 18.4 154 35.7 30.4 33.1 30.5 29.6 30.4
* (S.D) (0.21) {0.13) (1.35) (3.03) (2.54) (0.29) {0.48) (0.10) (0.41)
*S.D = Standard deviation.
7F 5]l Ao 7tado] Lolsled of FxoA AFE 35 -
Foll e A dabs FAs ) w3 7kl 9 304
5L ol 3EQ 1 E = o] = Qollo p COT
gk 4 3kS A E3I7] flahA follo] Fe & 35%7HA & C/P 50/50
gk ol A2 ok slzol a4 7= 2ol A 257 T3 c/pP35/65
T&72 zolol o8l ehte FEA e folHcy 2
oba] Al¥ o] Huded (sensitivity)-& Fol|7] YiFelich,
A73Addol e PETE AAzed, ol PETE

CCeaNo g Haldl 5 L EollA 7247w CC YAt
A°_r]o]] naA %zlg]o“ 9= ALEH7}.°}_1/]J_TH740
2wy FH 7 Jelgkn, sl Aol eloll A AW Rtulzt
Aol whata] A A £E Ak AL DA}
ojei 7| wi-golch, ojebztol Al £of A CCEA A
2]7} o]2§- PETe} PCF, UWF& £43 Ae)2 57
A obzier Fu AdEgch CCEA A4 7%
Alglze] % add-ong Table 30| AAskcl. %
add-on o] thx o7} vk A8k} paddingdt 7
AZZoA ¥ Ao 1ecmX10cme] TFZE 774
#she] 7zt 23l Lol Atoll A HY ol mitalA shed,
a3t % add-onS 7HA3 YE BF T Ao ul—zo_]
calibrationg 3t 7] 2ol AA T4 48 A Axn
o= 9% add-onol 23 WA} wske 27} ¢ich vt
F7t Agdoz 7FAEE A2 % addond 30t
0.5%2 wtio] 72 APE sl °/ add-onﬂ] i]—°]7}
A A ol JeE w71
3 FTHo wE T2 8 A
wate] glich(Table 6).
2. MRERI WE 55 SEHY 8y

2-1. st
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Aoz Ay Fo FH5E AFEAE Fig. 20 A=
sladel, A& Al7bA Z3had 898 (32, 44, 52% R.H)ell

35 44 52 75 8 90
Relative Humidity at 20°C

Fig. 2. Effect of Fiber Type on Dynamic Moistur
Transfer by Cobaltous Chloride Method.
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o] Aol vlszsle] 7hwe] ojuig], ¥ AY A 4
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— 404 —



Vol. 13, No. 4 (1989)

Table 4. LSD for the single [ayer experiments
} Chromium Trioxide

1EAN (min) GROUP

GRP3 GRP2 GRP1
12900 GRP 3
1.5025 GRP 2
1.5025 GRP 1 *
'} Potassium carbonate
AEAN GROUP
GRP3 GRP2 GRP]
1.4800 GRP 3
3.9150 GRP 2
L9750 GRP 1 * *
}) Sodium dichromate dihydrate
VEAN GROUP
GRP3 GRP2 GRPI1
+.2925 GRP 3
5.1675 GRP 2 *
5.8350 GRP 1 * *

¢ DENOTES PAIRS OF GROUPS SIGNIFICANTLY
DIFFERENT AT THE .050 LEVEL
+x GRP1 : COT, GRP2: C/P 50/50 GRP3 : C/P 35/65

o} @2 2 3%0] Aelch Potassium carbonate &4
ol COTeF C/P 50730, C/P 35/65 A Fel ot
= Azb7t dskew COT, C/P 50/50. C/P 35/65 A
- 3 o] Gollalal ol %rlehiz A]7bo] Wolx|
z}, Sodium dichromate dihydrate o3&t} <44
2 werehs ol AR EFHE by atel st wokeh

COTS} C/P 35/65, C/P 50/507 C/P 35/65 A%,
JTek C/P 50/500) 2% §-9 2 JebA e}, o] 4
7é1¥°ﬂ*1 7k 2.8bd ool FF AR LrRFehz A1 7F

ZAoke 22 49 Fig 1ol 248 28 3 Codl 5
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B.4] o

!

@ﬂ%ﬂﬁﬂﬁiwv4ﬂﬁﬂ%%%ﬂﬂd
) %ﬂﬂﬂﬁimiﬂmﬂﬂﬂ”ﬂﬂﬂ
Z57} sebetn

2
fet
o}.‘_ I

ol v & Halelel A g &

87

T4 A"z AAsidcrs Aol

2-2. SRAMY

FRAAEL g ol D) dRAHAA 3l AE
Aol CC H2l e sfoix Sapdog T4 84T
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Polyurethaneo] Coating®! §4ub4-4 gk (PCF), 2l
= AT UWE S 3oz 4488 o) 54 44 d
T AE EHsoinh
574 2AE A Al £52F
ANOVAZ &4 H2)8 A vl7bx] 48 4o 15
o] xubet uf Az Azl A7ke] AFHE By o=
0.05 FTolslel Felxy vodch F
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a=0.05 FFl A 3%k, Chromium trioxide &-o¥
el £F Mol Tkl o Aale A7+ PCF7} §-9
Al Al A (3,98) 29 571A] HHEL o)y} 4
Zrol B@A AR @=0.05 FFolA 25 2LL ¥y

F%ic}, Potassium carbonate -£89]9] A& Z Ao

AA
E9dhE 4712 PCF7L AlY 53 2 c}8o] COTeld]
Axz PCFe} COTE E£Adoz 73 PCF: C/P

35/65, C/P 50/50, PET, UWFe} chzA vbgich,
Sodium dichromate dihydrate 8-°19]2] FF ol &
ok A7 A2 shd foxbo) gl vsie}, 9
TAIZHE 29 PCF>COT>C/P 50/50>UWF>C/P
35/65>PETe] Fold}, AMAs 2 EHuteay ox
< vlas)] £} PCFE u]al7]29 Polyurethane 52t
= Q3R 2 AE YoldE nUE A ERc Yy
COTell 7i7H SA+EAEd E4¢ AYn gtz &)
A

o
At UWFE 54 ZejoAHE

o

o]4tn} o] AL 2 E2 4 COTo| w9 mal=ql
o] whalod zA1E el 2 2o C/P 35/65 Eutzal Lo
£ A7 T2 APYolx COTE & AS5o) 3}
% ¥¥3)7] oledsle}, &, Potassium carbonate £
Mol Aut @=0.05 +Foll4] 672 Af7holl zfo]7}
vebstel, LSD ZA#el = PCFet COTol 713k &A%
e Added 22 foabrt ¢lz o) 52 UWF 3
=3 PETS}= o] el #olo}, ojzs CCEl
H2lg COTE Alg22 5191% w) 37 % ofe} =
2.

BAGAAE b2 1R FEo 24 AAglo] &

ol

Hgol we T S¥ALE SIS0 25%
CCEA 555 35%=% %olx, COT, C/P 50/502]
5 4% 55 TR E¥S

a Z—} |
3 AL F428L vla AYsdn). Fig 33 45
C
T(EFAE, $27hg, U371 S Ye W 54 4
+AY #4eg Fig 29 o] 52% RH7=I9 75%
RH °)39] 73] th2 A vh2.tul 75% RH o|Fell&
ZHA zhdo] o]7ir] mlfol 2 o)A FEAY YA

BRERKBESLEE

50 l
451 mmm coTt ’

401 COTA ?
45{ £ cotp

30+

Time. min

R

35 44 52 75 85 90
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Fig. 3. Effect of Finishes on Dynamic Moisture Trans-
fer of COT Fabrics by Cobaltous Chloride Method

404 MR C/P 50/50
C/P 50/50 A
C/P 50/50 D

304

Time. min

35 44 52 75 90
Relative Humidity at 20°C

Fig. 4. Effect of Finishes on Dynamic Moisture Trans-
fer of C/P 50/50 Fabrics by Cobaltous Chloride
method.

€ AU F9A4E AFsol 98 two way
ANOVAE AXg A= 7129 7L chromium
trioxide, potassium carbonate, sodium dichromate
dihydrateol| <] A+ F4, 7+39] FR3bol 2F o=
0.01013ke} 2 Rl vch o CC 849 5
=5 S/ ez Az, kg 2ol 54
AP ulxEs &I ’a‘i’-‘-}%—(interact‘ion)%
chromium trioxide & 4] M7z =etshs 3 A
7ol @=0.0114], potassium carbonate 2ol 4}7}
A 2] Ao} melslE A7kl e 17 @=0.05004 435 =
£o] EAAS, F, 7H3e B3t v Fhol wat
27 vepg 2o Eoh ey, A13AR] FF
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Table 5. LSD for the effect of fiber and finishes
} Chromium Trioxide

1'!
|

IEAN {min) GROUP
GRP GRP GRP GRP GRP GRP

2706 GRP23 3" 117 13 21 22 12
9800 GRP11 «
1967 GRP13 .
2300 GRP21 .
9150  GRP22 .
5833  GRP12 £ % x  x % %

* GRP11:COT  GRP13:COTD
GRP12:COTA GRP21:C/P-50/50
GRP22:C[P-50/50A
GRP23:C/P-50/50D

Potassium carbonate

EAN GROUP
GRP GRPGRP GRP GRP GRP
6025 GRP23 23 21 22 13 11 12
8150 GRP21 *
8925 GRP22 *
5300 GRP13 *
0000 GRP11 * *
0567 GRP12 ¥ oF ok ok

sodium dichromate dihydrate

AN GROUP

GRP GRP GRP GRP GRP GRF
0425 GRP23 23 21 22 13 11 12

2925 GPR21 *

1875 GRP22 *

4733 GRP13 - *

5000 GRP11 * *

8833 GRP12 * * * ok *

DENOTES PAIRS OF GROUPS SIGNIFICANTLY
DEFFERENT AT THE. 050 LEVEL.

Lehab 2717 BEE o ¢ U
71 AFFFel A7kA] shgel FRE 2§kl 6
-o] & wANE st ol 25 ol

Ue7He LSDE 44 AF8 ##7t Table 50|ct,
JHEE @ COT2 A7 23dfiel 3FA47%
Sl Alzko] 7k Aw, ofgol F4AlE, 1 ohE
$371gelo] AREFE HA2 COTol Aj7ke] &
2 t}g-°o] C/P 50/509 5 & 4+ U}, (Table 5-2, 3)
able 62 % add-ong& 30+0.5%% %3z COT,
FA, COTDE #7} 4¥3le] % add-on®| 3]z}

o oje g HFe) FFol me FH4E HE ol

89

Table 6. LSD for the effect of finishes (Single layer,
% add-on conrtolled, COT, COTA, COTD)
1) Chromium Trioxide

Mean Group COoTD COT COTA
2.12 COTD

438 COT

5.38 COTA *

2) Potassium carbonate

Mean  Group COTD CcoT COTA
3.33 COTD

7.08 COT *

8.12 COTA *

3} Sodium Dichromate Dihydrate

Mean  Group COTD COT COTA
7.17 COTD

12.54 COT *

12.75 COTA *

* different pairs at «=0.05

AL FfolF FE7HE obol A2 24 ANOVA-S
A1 Cr0s, K,CO4, Na,Cr,0, * 2H,0 23}l £lol
A 271 @=0.05, =0.01, a=0.01 59 FJ25 1
93 LSD 7 7}el| 4l Table 60|49} o] 2 4=
COTD<COT<COTA®9 o2 A7te] ngirt, F,
24 ¥4 75, % add-ond 2R3 A9 AF 5%
7}8k % add-onel} o] 7} kb oleie] Algde ¥
Added, 2 olfe 74 Auldl 2E Ad AE2y=z
calibration #7|u}-Fell Aol HE] gle A
A 7hxlct,

Add-ong 30%2 2A3 Wog 712 FFo g2
£ FAFEALE 57 48 A e Cr0, 284
Sl oAt a=0.059 FrelaE ik LSDE
A7, HEAY ¢4+ COTD<KCOT<COTAI AR T,
COTA=® COTD7}, COTDe} COT7} a=0.05014 %
ol o]z} 9l&-E BoiFdc), o|epzte] COTA7} 3
29 2lme s M3 4% Aea, COTDE =2
5-2 Ashe " 42 Clothing Hygrometer & o| &
g 5 AT E FEH oz Aatslgie] of dHAby
7 F e 30 $45d7r) eopEoh d2A
+ Acrylic Acid type 827} 2417} © A9} internal
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Fig. 5. Scanning Electronmicrogrgphs of CoCl, Treated Fabrics

5-a.: Cotton Fabrics (X 300)

5-b.: PET Fabrics (x290)
5-c.: Soil release finished C/P 50/50 Fabrics (X290, C/P 50/50A)

5-d.: C/P 35/65 Fabrics (X 1000)
5-e.: Soil release finished cotton fabrics (xX1000, COTA)

5-f: Durable press finished cotton fabrics (x 1000, COTD)
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