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ABSTRACT

We have test chemical resistance and flame retardant properties of chemical protective clothing Fab-
rics by the ASTM and ISO standard methods. The flame retardant test results show that polyethylene
is poor in flame resistance but fluoroelastomer add to decabrom is excellent in flame resistance. Espe-
cially, nowadays heat protective clothing for firefighters, which is aluminized film layers laminated
to aramid fabric, show the excellent flame resistance. However, the chemical resistance test results
show that aluminium is high corrosive in 4M NaOH solution alone. The problem of corrosion can be
overcome by employing multiple barrier film. Also, based on the result of flame retardant test, duel
skin of polymer barrier film add to aluminum film and single skin of fluorinated rubber with flame
retardant materials seems to be fit for the chemical protective clothing. Also the thermal protection
and heat transfer test results show that TPP and HTI is increased assured that the continued study on
fire risk assessment & chemical resistance of chemical protective clothing fabrics will contribute to
the upgrade the performances of chemical protective clothing fabrics.

Key words : Breakthrough time, Steady state permeation rate, Char distance, Chemical protective fabrics,
Flame retardant
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Table 1. Specification of Experimental Apparatus
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Test Method Test Apparatus Country Model Fabric Scale
Chemical Permeation HZ1d™ + KNR Parts Assembleing
ASTM F 739 Tester + pesce lab+ 5878 | Make 10 x 10cm
Thermal Protective USA Parts Assembleing
IS0 17492 Performan ce Tester Thread Work Make 20 20cm
ASTM F 1358 | Flammability Tester Usa Mo-7660 75 x 40cm
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ISO 5659-2 FTIR Ié)S(A IR100 75 x 75 x 25mm <
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Table 3. List of Experimental Fabric

Table 5. List of Experimental Fabric
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Table 4. List of Experimental Fabric

Fabric Name Test Name Test Method
PB/NW/PB Flame Retardant ASTMF 1358

FE/PE Flame Retardant ASTMF 1358
IIR/Lipstop Flame Retardant ASTMF 1358
Ny/lIR/Ny Flame Retardant ASTMF 1358

PE/Ny Flame Retardant ASTMF 1358
PE/Nomex Flame Retardant ASTMF 1358
Al/Nomex Flame Retardant ASTMF 1358
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AF/GF Heat Protective/ Flame
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Table 4= FAA Ao ALgE A& &=

2 UhER Rtk

2.5 ISO 5658-22| A&

ISO 5658- 25JE o] &3 stAATFAH L SAEALL
o] =EHUE W ALATE B
;ﬁ_t}/ﬂ }\]34 XC]—‘]‘_‘:_ bE|

>
F{F
%
it

(o3
]
b

2

EREERL %‘1011 gl Wel 2he F %}
o HF) R 23] YABALRFAGA EoIA
shds Aae WFI A2 Adel YAk DR
ke FAZ WMEsast F99, obgsLs
b R2g9), N8 Eo, AT 5o P4 9
o). Table 5t S AN G AGH ATaAS] %
%2 e ol

O =z
= 71

2.6 ISO 4589-20| Alg{uly

A AL 918l 1SO 4589-299] AFWHE A}
galon Ao ss Ahaol Aavh EREE A
S 715 FollA Hshe £49] A4E A& 2
23 HA ArFes FAs A5 FiHd dx
A& Wkl WRHoeA AEAAE dat, 7y
2, 545 2 Az AE e daAs
F2 T Akl ol A&l

AR (%) = (0,/(02+ Ny)) x 100 A3)
3714, 0y AHA29] |§-3(1/min)

N,: A9 f-3H(L/min)
ojt}.

Table 62 AHaA] AP AMSE AR E] &




setu sl shlslE

Table 6. List of Experimental Fabric
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Table 8. List of Experimental Fabric
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Fabric Name Test Name Test Method Fabric Name Test Name Test Method
LPDE/Nylon/MPDE | Oxygen Index | ISO 4589-2 AF/GF Toxic Gas ISO 5659-2
MDPE/LDPE Oxygen Index | ISO 4589-2 AF/NPN Toxic Gas ISO 5659-2
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Figure 2. Behavior of permeation according to various flow

rate.
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Figure 3. Behavior of permeation accordion to various
thickness.
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Table 9. Permeation Test of Challenger Chemical

Results
Chemical Sample | Tj Permeation | Sample
Substance (nl:irrl]e) Rate Thickness
(ng/em?) (mm)
PE/Lipstop | > 480|  0.02 0.28
H,SO
2| PEFluorol | gh0 1 0.0 0.74
Lipstop
PE/Lipstop | > 640|  0.06 0.28
NaOH
PEFluoro/ | c40|  0.07 0.74
Lipstop
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Table 10. Experimental Results by Heat Transfer Index of ISO 174923

No | Ty (sec) | Average (s)HTI (kW * s/m?) | Tas (sec) | Average (s)/HTI (kW + s/m’I) | Experimental Material
5.8 8.3
1 5.8 5.8/464 8.2 8.3/664 TrAeﬁi:(h}:m
5.8 8.4
3.9 6.3 AR/
2 4.4 3.9/312 6.8 6.3/504 XcageGgO.
4 6.6
3.8 5.8
3 4 3.8/304 5.8 5.8/464 IR+ Fluoro Rubber/
Aramid
42 6.2
3.0 5.0
4 2.6 3.0/240 4.2 5.0/400 AF/GF
34 5.2
3.8 6.2
5 42 3.8/304 6.6 6.2/496 AF/SLN
3.6 6.0
6.2 9.4
6 5.4 6.2/496 8.6 9.4/752 AF/NPN
5.8 9.4
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9 7]V ARERIG A, old wE daAde] 7F
“3% oljol] 2= 4SS ThAokelal 12% =
Al &8tAE7F 100mm ©]3HE Hojofgitheial 7]
<o Atk

AEZAZRI Table 115 AHEH FAde] e A
2 Al 29} 70|th AlE 298] A9= dd AHEE E
e FHAEIEES gpuvlo|de AR Post
Ignition2 3%, &3} 0l= 20mm, B3 AL HAY
Hojgo] flojx Al@7IEe &4 oAt ofgn =4
ol ¢FvE YA #H AA 59
Ignitione 1%, ©3lAZ]= 10mm, ©38lA5 3
Aok v, 3 A=A 282 Lipstop 1ol IIRE
AE Ao A9 3% =& F AE
o AFE FPE 4o
T AT 53] AH 19 B 3%
Ao} &3l AR 7F 200mmE R FAAS e

> v rlo ®

Table 11. Experimental Calculation Results by ASTM F 1358%

Classification 1 2 3 4 5 6 7
Experimental Material | PB/NW/PB | FE/PE | IIR/Lipstop | Ny/lIR/Ny | PE/Ny | PE/Nomex | Al/Nomex
Post Ignition (sec) 9 3 9 9 9 9 1
Char Distance (mm) 200 20 120 200 200 200 10
Char Behavior Fail Pass Fail Fail Fail Fail Pass

Table 12. Experimental Results of Fire Spread Test of Flame

Experimental Average for Sustained Critical Flux at Extinguishant Extent of Burn
Substances Burning (Qsb, MJ/m?) (CFE, Kw/m?) [mm]
LDPE/Nylon/MDPE 0.248 1.5 750
MDPE/LDPE 0.417 2.8 670
IIR/Nylon 0.173 1.0 °]3}F 800
Nylon/Lipstop 0.216 2.5 700
Aluminized Film/Nomex 7.6 259 348

St 3R LSS =R A4 A2E, 2010
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3.7 ASTM E 6622 Ao o/st Zat

A 29

= Table 140 YeERY
At

Eald o] 25kw/m? A W] £ E A= AF/GFet
AF/NPN E5 7]5A o|ste BRI AlgdaA] F 7t

A2 AhHoZ vl 9L wl AF/NPNe| AF/GFR
o on) B 7Y SAESI T

3.8 ISO 5659-22| MEUHo| 25 At

I1SO 5659-2% A71EAG=R] oA AFA o FAFE
50kw/m*S 7Feted WAV E= AL7b2~F FTIR(Fourier
Transform Infrared) spectrometerS A-8-3le] £+ 2

Q1 Table 15914 CO7F 71 H& X5 BHIL
NOx, HCI B! HCN =AM 2 28-S glskith. 53],

Table 14. Experimental Results of Specific Optical Density
of Smoke

Radiation Heat | 25kW/m? Baseline Value
AF/ © A, 174, W
GF 26.7 <200
Mean valu (Dy,)e °
T i N
of the maximum @ 12} 23 91
specific  optical ® Z\_H_T;OOH}‘:}XH
AF/ density of smoke 56.2 S B
NPN D) <500
5 @ EeegH
X< 400

Table 15. The Lethal Concentration Result which Follows
in the Substance (fy)

stetR R 2o B 9 ALY =3 S Gas
Adiation | Concentration . Fatal
Heat (ppm) Bascline Concetration
Table 13. Experimental Results of Limiting Oxygen Index (50kw/m?) | AF/ AF/ Value (g/m?)
Experimental Substances Oxygen Index GF | NPN
LPDE/Nylon/MPDE 192 CO | 80.9 | 372.1 | £1,450 280
MDPE/LDPE 19.9 HBr 0 0 <600 29
TIR/Nylon 19.1 Gas HCN | 09 32 <140 11
Nylon/Lipstop 214 Ttem HCl | 7.7 7.3 <600 15
Aluminized Film 273 HF | © 0 | =600 4.9
Flame Retardant Fluoro Elastomer/ 23.6 NO« | 157 | 149 <350 7.6
LDPE SO, 0 0 <120 53
Table 16. Toxic Index of Combustion Gases at Carbonization (f)
Classification CcO HBr HCN HCL HF NOX SOX Toxic Index (R)
AF/GF 0.30 0 0.08 0.51 0 2.10 0 2.99
AF/NPN 1.34 0 0.29 0.49 1.96 0 4.08

J. of Korean Institute of Fire Sci. & Eng., Vol. 24, No. 2, 2010
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7T 30 wE A9 ARXFEE(R)E o83
o 2 (5)el osi AlstEl Asfoldt,
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ol e NFAAE FHEoE At An Z
gogalA e FetigErqe dd BF Bl =&F
A u Bl S B HE dadyol gle AL
4 HY, ARFE e d4e Holx AW
30~40%2] H7FEEC] xstE BATFEE FAAo] Q)
£ Aoz EXEYY. AT ¢l HitEESS
H71E wf FAHo] A o9 NS g A77F F
g glojof & Aoz AHLh 53] AAl AE W
JQEOZE AMLHT Qe EFF FE olghn=
A Fvjolg et o] 7B Hojd G S B
A, Wskehgol gle] &FrE2 4% NaOHell -
A Ee AHE Ho|AL 3lof o] FE37]9IT ke
22 U5 wgloid ES AR Aol d5F o]

ot & & A T3 o]F A (Dual skin) o ZE &
Sy REs) E2u Weloly Bgol VA Zlol
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