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Experimental study on combustion toxicity of urethane materials by industry classification
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Abstract: Among all risks, combustion gas toxicity is the greatest reason for faints or deaths among occupants during
evacuation. To minimize such fire accidents, performance of materials is checked according to fire safety standards used in dif-
ferent fields may lead to different results. Thus, in this study combustion toxicity results for flame-retardantandnon-flammable
polyurethane materials were compared and analyzed according to the test method FTP Code Part2, KS F 2271, BS 6853,and
performance criteria.

The test showed that the performance standard of ships was specified as 1450ppm CO, but that for the flame-retardant and
non-flammable materials was 1633.7 ppm and 264.0 ppm, respectively In the railway sector, the toxicity index [R] was meas-
ured to be less than 0.4 for both products. The Performance criterion was measured to be less than 1.6, and the results were
appropriate. The building sector defined an average downtime of 9 minutes or more for experimental white rats exposed to flue
gas. The results 13 minutes for the flame retardant and 5 minutes for the non - flame retardant products. Thus, It has been
found to match the performance of the product. It is considered that soot formed combustion may influence these results and
therefore further studies on toxic gas and soot are required.
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ArteAe] FAS7IE 2 FASAIF-AMO) Aa7h20] 5AAEA T sootsoll Het AaATA e w
9]3] %1% International Code for Application of Fire Test 29 A Ed = s 9 A El wet Z217] &
Procedures, 2010/Annex] Fire test procedures/Part2 Smoke and ALTF2=9) soot7} LAYSEAL oju LA T = soots= HEFE
toxicity, Part5S Test for surface flammability [1]5 &3] A 7], the] Al HCL, HF % oj#] 9] 7}~7) & o] 7]
g U Alse] I eS H7H8kal 2 Y (Bulkhead), B 7F S A F9E o‘or Bt A7 2.5 mm VR A=
(Wall), %% (ceiling), ¥ B} =l (Floor coverings), 12} 743 Ho] ME7HA] HEE = Qa Brp & dAeE 57 2
V] 5 A|(Primary deck coverings)®] #8491 7|E& A3t 71keol] FA ] AAS 1 d 4 vk 78]

o &93t Atk ©] 5 Part2 Smoke and toxicity I wEba] 2 =wdAE AR 15, 5 FobellA A
Ao Ai Al A= Av]e] R Vel Ao =74 H7Pdel wet F571229) sootE FAlOl thEFo R
U= 5 THEE S48 S Wrlksta vk = A7) S HEAAE oo ® It SRR =) W
e f54 7haE Hrkehe ok ARk o 9e] A% 4 SHEREd diate] AAHAAE A 3t A1 AAE A
AE Fopoll Mk Mo 7|EE nhelate] 54 7]l A A FA sglom e AT ARE RO E soot7t AlHA
gt 2AE 483k Art UF Foke] Ag FEISTH ol FFE & g AT AT st Sl =AUt
T A2017-7445[AFE v Re] G 2 3

s WA 2 )% [219] TR0 whet @Akl #E KS F 2. AR 2 AR

271:AEE nFA R TtaFalAd AlE HERBIOE da

ol §54S SHRES S ok

2.1 AIEgAHIE

AEA = =S S8k ste vHE B & A7)
J Hol o > = 1385 A =%
ok Sl P & ) ROIRSIERI g e oot wa @ 4 Qe wedsel duu
715715 Part 51 AP =ARFCAE2h 7 =712 41014 3 .
[ P ol A oFe Qi SelEhES) ol uw vl few
2o T4 9 b o . .
?7]1@2 T 00}'1‘)\/\——.11] AlE o.uL BS 6853.Co.de of prac WM = shAe] 2AE AR A A om Alsu o
tice for fire precautions in the design and construction of pas- 2 A A% ARk FAGE S5 =4 1wy
senger carrying trains [5]5 E3l] S E5 7143k ATt oz M@ A 5
— n= OF X
HR)| A FArel EAelE BE BEAL AAA JFA
| A g-2dell A5} =4 1 7} 9}§oot Table 15 7} Bopl A8 FA% @2, AGA 7]
hEA WA, o] F Q% A AR FLRE B8, )
sl AP RS BHE AT & JQu FAREFE
ISO 19702:2006 Toxicity testing of fire effluents-Guidance for 22 NE82E
analysis of gases and vapours in fire effluents using FTIR gas 22.1 AIEMIS A 2
analysis. [6]1A] T3kl A1} sootd] H-¢- AHZC = AFAE Axs7] f1ste] Table 12] 72+ Fobd Al
Aol theIso] 94 2o} soors] VAN Wil AT AL ron] Auh A% ot AYAR Abab] 9
o] ojul AFsfo|rt Sk Al H|2E A7IDE AlE7](Smoke density chamber)

Table 1: Test method comparison [1]-[5]

Division Ship Train Building

International Code for Application of BS 6853:1999 Code of practice for

. fire precautions in the design and .
Fire Test Procedures, 2010/Annex! P . £ . for Testing method for gas
Test method . construction of passenger carrying .. . .
Fire test procedures/Part2 Smoke and . L. toxicity of finish materials

trains/Annex B Determination of

toxi . . . f buildi
oxiey weighted summation of toxic fume, R ot burdings

KS F 2271:2016 Method

25 kW/m’ flame mode

. LP i
Test condition 25 kW/m’ non-flame mode 25 kW/m’ flame mode . G 3 min, .
, Electric heater 3 min
50 kW/m’ non-flame mode
Specimen size 75(W) x 75(H) 75(W) x 75(H) 220(W) x 220(H)
Insulation
CO 1450 ppm | NOx 350 ppm — —
Wall, Ceiling, inside duct
HCL 600 ppm | HBr 600 ppm | Risk class [1] <3.0
Toxicit iteri .
oxIety eIt 1 e 600 ppm | HCN 140 ppm | Risk class [2] <27 9 min or more
Risk class [3] <2.0
S02 120 ppm | 02 200 ppm | =
(floor covering) | Risk class [4] <1.6
haml Az ol shs] A A419 A95.(2017.11) 929
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Figure 2: Apparatus of gas toxicity test [3]

U

222 HA

ARA A4 5
8171 $18ke] A9 3E4]17] FT-IR[Fourier transform in-
frared spectroscopy]E AH&3+5ITF FT-IRS Figure 3041 X
= vk} 7o) IR SourceZE- BeamsplitterE F3}9] Fixed mir-
ror} Moving mirrorE %3k o8 79 J]Jo]'(lnterferogram)-%
wrgo] U Aaskse) ole) A BAE Fakel el

gl Wakg sl 4% % 4YEAES & 5 vk

fA 2

=

ERE P PR

o

Tl A Yo Fe3 A A41@ A9E(2017.11)
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Figure 3: A fundamental concept of FT-IR
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Figure 4: FT-IR Gas analysis Calibration Curve
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Table 12 HEFoko] 457]|EL AEAH7]E7F 4]
o W& ddAe {54 As7E otk

Ty = ¢l L, ()
R=2r )
Aq7IA, ¢, & HEH 719 FEo|H f 1= Table 200 AlA|
5 7}*91 71kl meb S|4 <Rro] AEHT,
Foke] f=4 H7HE Figure 2004 B vlel o)
7P°E‘§°ﬂ*1 APAE A4 A7IH A" A7]E At
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AAxjol
Table 2: Reference values for gases [5]
Gas Referegce value_,2 f
mgg or gm
Carbon dioxide 14000
Carbon monoxide 280
Hydrogen fluoride 4.9
Hydrogen chloride 15
Hydrogen bromide 20
Hydrogen cyanide 11
Nitrogen dioxide 7.6
Sulfur dioxide 53
Table 3: White rat [3]
Line Age Weight
ICR (female) 5 week (18 ~22) g
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Test condition
CO CO, HCN [9][10]
25 KW/m'
" 609 | 7863 | 11.3 Division Test results | | criormance
non-flame criteria
Urethane 25 KW/m 2253 2230.7 304 Urethane board 0.4 Risk class [4]
board SOﬂt;f : Reéista}?ce tcl; ﬂatime 03 1.6 and less
m 2640 | 1701.6 | 532 rethane boar
non flame
25 Ki/m 272.1 573.6 29.5 Table 6: Average movement stop time [9][10]
Resistance non-flame Performance
fl 25 KW/m' ivisi
to flame SV 146 | 14726 | 191 Drvision Test resuls criteria
Urethane flame
- 5 min 03 s
board SO RV 6337 | 12036 | 684 Urethane board :
non-flame ’ ' ’ 5 min 13 s .
; 9 min or more
Resistance to flame | 13 min 54 s
) Urethane board 13 min 42 s
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Ay
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