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Abstract

As important factors determining human sensorial comfort, liquid moisture management and surface
properties of heat resistant workwear materials were examined. To figure out liquid moisture
management properties of the test materials, ahsorption capacity, rate of absorption, and evaporation
properties were assessed. A modified GATS(Gravimetric Absorbency Testing System) was used to
measure the liquid moisture accumulation associated with the wicking of liquid moisture from sweating
skin. The GATS procedure measures demand wettability of materials to take up liquid in a direction
perpendicular to the fabric surface and it was modified to incorporate a special test cell and cover to
assess absorption behavior in the presence of evaporation. Fabric stiffness, smoothness, number and the
length of surface fibers, and an estimate of the contact area between the skin and fabric surface were
measured to characterize the mechanical and surface properties of the test materials, Also an estimate of
the force with which a fabric clings to moist skin was made using a wet—cling index.

Key words: liquid moisture management property, rate of absorption, evaporation, surface property,
modified GATS; 44EAE, 44, F54E, RUSY, T89%
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Table 1. Deseription of test materials
. . Fabric Fabric Density| Basis weight | Bulk Density Thickness
Fabric | Fiber Contents Construction (1/inch) (0z/yd2) (kg/m*) {mm)
Tl |Developmental Nomex 2/1 dtgvtrlitll hand 72 X54 5.30 192.37 0,92
Developmental 75/25 Nomex/
T2 |FR rayon Blend, w/o Plain weave 68 x 48 462 176.93 0.87
wicking finish
T3 | NomexllIA, w/o wicking finshl Plain weave 67 x 43 471 166,50 0.94
T4 | NomexIlIA, with wicking finsh| Plain weave 67 x 43 478 161.02 0,99
Developmental 75/25 Nomex/ | Plain weave 67 x 47 4,62 159,33 0.96
T5 | FR rayon Blend, with wicking|
finish
Te {100 % preshrunk cotton | 2/1 lf‘fvtﬂ;‘and 100 x 52 5.58 182.46 103
FR: Flame Resistant

capillary pressure head controller

frictiontess beanng fuid reservoi

cover with pins

porous plate

Fig, 1. Schematic diagram of modified GATS
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Fig, 2, Modified cell and cover
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Table 2. Measured properties from absorption test using modified GATS

Symbol Property Description
Wig) Sample dry weight weight of dry sample
Vice) Absorbent Capacity total amount of fluid absorbed by sample
Clcc/g) Specific Absorbent Capacity | C=V/W
Q{cc/min) | Absorbent Rate average of instantaneous slope for a specific time increment
Table 3, Measured properties from evaporation test using modified GATS
Symbol Property Description
T{cc) Total fluid loss from reservoir | amount of fluid driven by the sample during 1000 seconds
Alce) Amount of fluid absorbed by| the difference between the wet and the dry sample weights
the sample before and after the test
Ef{cc) Amount of fluid evaporated | (.1 amount of fluid evaporated to the environment: E=T—A
from the sample
% of water remaining in the sampl _
R(%) e e Pl R(%)=100X A/WC

£33 B 9 & Ab 9 e
29 S4SE Table 29 381 Yo,
.‘

Ir

4% g A(FF) Aol HEIE ARABY B

E A0
= TeE

*]i«l E2E AR 9 A3 KES
(Kawabata Evaluation System)Z A}&3}{Th

FB—4 Surface Testerg AMH&3ta) AR AR A

HEAR7L G820 g HEHAE de J
% & (contact area)d % 3 & 43 (sensorial
comfort) & <1=387] 98 mk(number of contact
points) %} io(surface hairiness)”} &4 =Ach. FEA
9 &, B G ANRE Fo| Abold] T2 U4
3 +E Feld EBBE BRI PHE AR
o, B AHY 9 Aol iz AR ©HE &
et AAss o2 FFYFHAG Fog He
T2 AR gEEE FE(wet clinginess)s
Hohenstein Instituten2] &34 7] 7§ Al&-3te] &3

%(roughness)® 23891 FB—2 Bending Tester ~ H3Ith o] 71 7E Algsle] Hog L HRE B
¢} FB—1 Tensile and Shear Tester® A8-3td &  ASH] 8 8 FF83FXG 928 423 #a¢
Y44 WA S 2434k Table 4] KESE  (sintered giass plate) $1o] AlE8 222 ¥ ol
Fol 298 227, Q9 93¢tk A ARE B2 W YR WS FA%Y 1 AR
Table 4, Mechanical and surface properties measured by KES
Properties Symbols Characteristic Unit
Bending B bending rigidity per unit fabric weight gf cm¥/cm
2HB hysteresis of bending momentum gf cmcm
MIU coefficient of friction, 0 to 1 value —
Surface MMD mean deviation of MIU —
SMD | geometric roughness pHm
G shear stiffness gf/cm degree
Shear 2HG hysteresis of shear force at 0.5 degrees of shear angle gf/cm
2HG5 hysteresis of shear force at 5.0 degrees of shear angle gf/cm
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Table 5. Liquid water transfer properties measured using GATS
Sample Viee) Clec/g)  |Qusc(cc/min) Qunin{cc/min)|  Ticc) Alcc) R(%) El(cc)
T1 1.136 1.036 0.189 0.318 1.386 0.949 83.49 0.437
T2 1.022 1.097 0.190 0.237 1.270 0.851 83.19 0.419
T3 1.037 1,069 0.398 0.301 1.339 0.904 87.16 0.435
T4 1.068 1.080 1.427 0.329 1.391 0.951 89.03 0.440
T5 1.060 1117 0.345 0,304 1.337 0.915 86.35 0.422
T6 1411 1.210 1.539 0.493 1.791 1.313 93.04 0.478

V{ce): Absorption Capacity. C(cc/g): Specific Absorption Capacity. Quec and Quun{cc/min): Average Rate of
Absorption after 1 sec. and 30 sec. through 1 min, respectively. T(cc): Total water driven by a sample with

air flow. A(cc):

Water absorbed in the sample. E(cc): Water evaporated, R(%):Percentage of water

remaining in the sample based on its maximum absorbent capacity.
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Fig. 5. Relationship between thickness and absorption
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Table 6, Tactile properties(surface and mechanical properties)
cmpe | Being Rigilty, | Shear Stifress, [Surfoce Rovghnes|— Surtace Nurnber of Wet—Cling
Blgfar®/am) | Glgf/an degree) | SMD(micron) Index, i* Contact Points, n* Index, i*
T1 0.08 0.77 549 35 1907 10,1
T2 0.07 0,78 8.88 36 2025 11.0
T3 0.06 0.42 988 3.9 1885 103
T4 0.07 0.44 10.41 41 1833 10,9
T5 0.07 0.77 9.56 37 1992 114
Té6 0.12 1.83 7.26 17 1795 6.1

*Measurement done by Hohenstein Institute
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