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Abstract

The changes of physical properties(thickness, weight, air permeability) and mechanical
properties(abrasion resistance, breaking load and displacement) of samples were determined after heat
exposure by a RPP tester. The effect of exposure time and heat flux intensity on the changes and the
relationship between physical properties and mechanical properties were investigated. FR treated cotton,
Kevlar/PBI and Nomex with different structural characteristics were chosen for specimens, The changes
of physical properties and mechanical properties were calculated based on their initial values before heat
exposure. As exposure time and heat flux intensity increased, thickness, air permeability, abrasion
resistance and breaking load of the fabrics increased and breaking displacement decreased after heat
exposure. The longer exposure time and the higher heat flux intensity, the more changes of those
properties. Heat flux intensity was more effective on the changes. They showed to be affected by an
interplay of shrinkage and pyrolysis products loss, The changes of thickness and abrasion resistance
showed to be higher for plain weave fabric and those of air permeability and breaking load and
displacement for twill weave fabric. While FR treated cotton which have high RPP value experienced
serious and detrimental changes after heat exposure, Kevlar/PBI which has low RPP value showed no
high changes. In conclusion, it could be confirmed that when total performance of a protective clothing is
estimated, retention capability of physical and mechanical properties after heat exposure as well as RPP
value must be considered.

Key words: firefighter protective clothing, physical property, mechanical property, exposure time,
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Table 1. Characteristics of samples
. Fabric . . Bulk
Sample Fiber Color Structure Count Thickness Wexgl;t Density
(Type) (W xF/in®) (mm) (kg/m") (g/cm®)
TFRC FR Cotton* White Twilt 9 X 43 0.711 0.256 0.360
TKPB | Kevlar/PBI 60/40 Yellow Twill 65X 55 0.434 0.153 0.316
TNOM Nomex Green Twill 76 X 53 0,762 0.289 0.378
PNO1 Nomex Blue Plain 68 X 44 0.445 0.155 0,322
PNO2 Nomex Blue Plain 68x 45 0511 0.203 0.364
PNO3 Nomex Blue Plain 50 % 41 0,597 0,251 0.380
*: FYROL 76 chemical finish
L shutter plate ABETSE WZAolo] ol WDk 60 Ebe]
2:5 rtz lam N N
3 - apoarates by 1E0l BY ¥ dxuwg ARG NSAE 2
4 : holder FANA AEE 58 2xA5ES 2R3 | &
5 test sample PHERY SN g I xENTY EIE
6 : holder plate . N _ _
7 . sensor assembly O.MCIH / w‘:oﬂ "-] 25}-, 505’:, HERE i%)‘]ﬁ Oé-
8 : chart recorder OEY FAIARERIE 252 F 025 05,
9+ power supply 0:75cal/crmt /secoll &A1 A ke,

Fig. 1, Radiant Protective Performance Tester,

Protective Performance) Testerg o]&3 gt}
(Fig. 1). o] NFPA(National Fire Protection
Association) 1993'd2] 71Fe) Fdte] AFH Ao
2, 722 ¥97 BAIEY, ANBE FolFEE 2
£02 AZE AEEH, EAEH, AN, /EAR
745 Uk FHOE ¥R BAAYe A¥H
% S00watt HAHd W Mg F=(5in) SHE ¥
4ol Atk AEE AREHY FYd o2 A
g}, o] @ AME ARECYHY HEH 3] £
Al =l AES} AME Ll F9AA g,
o] @ AEst FEZEUAAY AlE 1 in7t d)
YL 602 549 ¥ (warm up)o] L3I0, of
do] He 5 AR dol F AL SAFA 2
etz fs Galdw(shutter)S A&7 Aalds

2-2, Radiant Protective Performance
Value(RPP value)

AA ghgol s 71EAAN 3R AFERZ RE
RPP valueE +3ch. ASTM D 4108—87
(Standard Test Method for Thermal Protective
Performance of Materials for Clothing; Open
Flame Method)ollA] $+E917) chart overlayS ©]-&
3t 7124171 gold AEY Y FAAEL AA ¥
A8} overlay AR} Wapshe AFY AL 9
I vl 93 RPP valueE A4Hslgoh dox
/ol gl AEE BE 92 ge BAFge AR

RPP Value (cal/en?’)
=Thermal Flux(cal/em’/sec) X Time(sec)

3. 2018 §4

3-1. A

ASTM D 3776—85 £33, x&A(a)F =23
F(b)e FAE EPsAth dx2Y AEE BEY
B o] Aol 24X -5t A F F(c) A EAE
ZA8Yck G2 AT AU a—b)E F T
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Table 2, Total weight loss, water loss and pyrolysis products loss by exposure time and heat flux intensity

(unit : %)
Exposure Time Heat Flux Intensity
Sample (sec) (cal/cm?/sec)
0 25 50 7 0 0.25 0.50 075
TWL* 0.00 6.68 7.76 8.04 0.00 6.68 7.79 2212
TFRC wL* 0,00 6.46 7.37 747 0.00 6.46 7.11 743
PPL™ 0.00 0.22 0.39 0,57 0.00 0.22 0.68 1459
TWL 0.00 7.55 8.55 871 0.00 7.55 9.25 9,93
TKPB WL 0.00 6,99 7.68 7.81 0.00 6.99 8.15 845
PPL 0.00 0.56 0.87 0.90 0.00 0.56 110 148
TWL 0,00 514 6.17 6.46 0.00 514 6,61 8.05
TNOM WL 0,00 4.36 4,65 472 0.00 436 448 4,66
PPL 0.00 0.78 152 1.74 0.00 0.78 213 3.39
TWL 0.00 4,95 551 5.68 0.00 495 6.88 757
PNO1 WL 0.00 4,16 462 479 0,00 416 512 471
PPL 0.00 0.79 0.89 0.89 0,00 0.79 1.76 2.86
TWL 0.00 5.04 5.84 5,98 0.00 5,04 6.61 8.34
PNO2 WL 0.00 449 4,62 471 0.00 449 469 485
PPL 0.00 0,55 1.22 1.27 0,00 0,55 192 349
TWL 0.00 491 5.80 6.19 0,00 491 6.56 8.29
PNO3 WL 0,00 4,27 4,61 4,63 0.00 427 4,60 4.74
PPL 0,00 0.64 1.19 156 0,00 0.64 1.96 3.55
WL' : total weight loss WL™ : water loss
PPL™ : pyrolysis products loss
Table 3, RPP values of samples
TFRC TKPB TNOM PNO1 PNO2 PNO3
RPP Value (cal/cm’®) 9.01 7.56 10.37 6.60 8.13 9.13
Table 4. Thickness retention by exposure time and heat flux intensity
(unit : %)
Exposure Time Heat Flux Intensity
Sample (sec) (cal/em’/sec)
0 25 50 75 0 0.25 0.50 0.75
TFRC 100.00 100.00 100.00 100,00 100.00 100.00 103,09 77.54
TKPB 100,00 100,00 100,00 100,00 100,00 100,00 101.25 106.07
TNOM 100.00 100.00 100.00 101.61 100.00 100.00 107,87 109,55
PNO1 100,00 100.00 101.32 103.07 100,00 100.00 11153 117,54
PNO2 100,00 100.00 100,00 101,72 100,00 100,00 109,47 115,30
PNO3 100.00 100.00 100.00 103.57 100.00 100.00 108,94 11346
7t BF Z/Mle A%E ®E RAe® Ysxt  AR/PBIEWHE TKPBE #sE uepys

(Table 4). 22y PNO1# 723 EAJo] n|&sl

Wob s S5 Y3
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Fig. 2. Air permeability changes by exposure time at
0.25cal/cm’ /sec.
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Fig. 3. Abrasion resistance changes by exposure time
at 0.25cal/cm’ /sec.
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Fig. 4, Breaking load changes by exposure time at

0.25cal/cm’ /sec.
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Fig. 6. Air permeability changes by heat flux
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