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enated MDI (H12MDI), toluene diisocyanate (TDI), isophorone diisocya
nate (IPDI), xylene diisocyanate (XDI) “12]al 1,5—naphthalene diisocya
nate (NDI)7} Atk [il‘j/’ 5l olaxAloflo]EL}L o=of wkgol ojt &u]¢-
At F49] 7Hke= e eR vERd o,

urethane
| group |
[ 1
j 0 HN R'\
R + OCN NCO I
HO™ \.OH \R" — I-EN i /O NCO
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Material Co, co HCN NH, HCl Other
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PU foam™ 666 173 3.3 78
Polyethylene 738 210 291
Polystyrene 619 178 37.5
Polyvinylchloride 657 177 286 11
Nylone 66 590 206 31 9.8 149
Polyacrylamide 796 157 18 17 34.5
Polyacrvlonitrile 556 108 56 13.3
Epoxy resin 1,138 153 2:2 28.¢
Ceder 1,573 16
X AAZTA - 7HE2: = 700 °C, 37|38 = 100 L/hr, Z2|2YERE = TD/ZE2|0|A

E{Z2|Z (ref : "Q & A on Fire and Fire Prevention of Rigid Polyurethane Foam", 2&

LY ES U™ SHHE MRS &2, 2011)
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R
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pyoyss zone | Kkeoh 8y 0f 7 PP SR = roieciie
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1. @S EH(TGA)

FTHEA7I(TCA) = A 82 255 HIA S o AJRe] Afws)
= /\]7,_PO]L} 29| sk St AlRe] AgHsks S (vaporizatio
n)olL} 7IAE A= 3F8HES-(chemical reaction) 5ol Jsl w5 &
| microbalanceo] 2] &Aoo w2 A= TGAo| 2Jor Ag—e% IrA
S ol gel 2musle] wE A Ak, 37| 59 ER7IstlAe] ARl &
ol Ase WEHE ¢ o, ofF Foto] AlRS] A, S Edolut

[€)
A7 o B 2dvls 5= o o ok

1) "HIHEH|
— ZHY 0 TGA/DSC1
— A|ZFA} ¢ METTLER TOLEDO(A9]2)

(@) TGA (b) Mass spectrometer(Pfeiffer vacuum)
[O8 8] IFAURM(TGA) HZ|

— 8] M R AR ¢ Furnace(71E®), AkE, AlRS] 2E SAY ¢ Q= TG
A sensor® A% EA| moduled} (—28 T 150) € 9] s HOE
ulator, 3 7IAE AAJEASK= Mass spectrometer® M4,

Wb % gy 13



: StetAta o 8! AelnlHE e
(E 3) TGA Ap
3= e
25 w9 (e ~ 1,100) °C

e Mag + 025K

e =H 99 <lg

Balance resolution 0.1 ug
Calorimetric resolution 0.5 mw

Sample volume 100 we

2) Bt
— 83A 4 . ASTM E 2550—11 (Standard Test Method for Ther
mal Stability by Thermogravimetry)
S SR ) e sl 2] 225k
AE ol
B 27 AR el FE S ol BES el Brfstol
=74 7Fs?t Alme 44"4% 100wl v~ Agol7] i
of Tt SokEe] A9 %7%*754 Aol W F UPQ
~ A A T AREAe) 2 oF 5 me a0l Aol
Hol Aol Sefed & Aa W 7] E97IskelA (5
~ 10) C/min®] F-2&5ofA 574
ass » AlZE U 50| T2 A|ZO| ass
2. (T}, wrzh et (Mass, DTG)
o0 (s e i\ SSIATEON LAele Ziao| g
mgoc"ff] (=ME ES|A] (Heat flow)

R ARnanammanny]
100 200 300 400 500 600 700 800 900 °C
» 871 W SC|=rety Hat

Heat flow 10 = <H} I:I _;) I-A =Hol 7
mw (T'__OH: S = )2 | o:l—r |'
228 53

R o o o e e e e e R e e ]
100 200 300 400 500 600 700 800 900 °C

(38 o] E5HEAe| 2
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2. CFEEEAI(ARQ)

HAAdF A= 19709 tR-AZ(Dow Chemical)Afofl SJsiAl 7 A
FAG] 7 SRR A AR ATV A2 BT dRAle I 5
THRS & AT 7 Aol sekade] 2 91dE Bl
A ARgRIT AvbERs SR Bk EE] WAVRAIRE, Al
Zrof] whE 2Dl AZF 9 2reof whE QPR self heating rate, TMR

(Time to Maximum Rate) 5= 4% 4= it}

A -

ik

1) E7tEH|

— A . ARC(Accelerating Rate Calorimeter)

— AZAF @ THT(Thermal Hazard Technology) (3<%)

— A 0 AEZEF ©@R1 E(bomb)E ARSEL GRS FAS
= 7td=Re}l o5 XAsH= control box®t DAQ
system S & A,

— AHARY D 2= = (0 ~ 600) T, ¢4 = (0 ~ 200) bar,

e = 0.02 €/min exotherm onset detection

Presmre
Sermor

_ a3 .
s EEHA 2 HEE Y Px

[a&! 10] 7I5&=HZAHI(ARC, Accelerating Rate Calorimeter)

WA %oy 15



2 BH enTlolH QY L 7}

AlEe= Aol e ATiAZE

FAE 7] A5A 027 F (heat) — 4] (wait) - (search) s& - WHE8=

rto
g
A
=

B AL BEEE O ole] jRrAe WA R o] ot
5o mEpEARAR f4) A7l o e 2w
£ b B R AEE MsSEagAe] A

(E 4) 755 =F2A|(ARC) M=

T e Ay =A
Bomb material SUS 316L (10 ml)
Temperature range (30 ~ 500) °C
Operation mode heat - wait - seek, ramping
Heat step temperature 5°C
Thermal detection sensitivity 0.02 °C/min
Wait time 15 min
Experimental atmosphere air
sample volume (0.5 ~ 5) ml
3. XA 2 E A X (AIT)

AR 7] Zo] BAo| sl HE o| Wakln Al ¥E glo]
THARTE S olUAE WobA Aam HolbEs dds wol, Aius)
We Apedte} gao] dold 4 Qi A LwE Witk AnboR Aol
ske] A HAUSS dES) o|EoA Fsk, =39 REeE YAl

A o] FiHof ueba] AFAulSHspontaneous ignition), AFEEHauto igniti

@)

=¥
by
N
i
ot

pyrophoric ignition)= F-EE7]= shyy, dubxo=z sk =
—L

W 54 ddEoe] MSDSSoll 7AERs ARtEehde etold ddE od
shHA SAEe =] Al es oueith



1) E7tEH|

H ZH|= NF T 20—-036(1985) A8 42 =85l= =% AN 14
H 3718 a9 AlgH(cube)ol HAX AmnE 27t 285 w(furnace)
of &3, k0] 2 s H7IHA dld A=) AR ofHE

— A ZPA-3 Semiautomatic autoignition tester

— A|ZA} ¢ Petrotest(EY
e el e e =
7P Main controller : 9] &%= %% 4 7|=

W) 98 controllerod] AAF 7tdLwo ofsja H7|RE 7}AF]
o8N AAH o AlEe] FYER= UF flasks 7

control parameter =73

) AFs ME TV 0 e 2480 A7 (pre—heating), A%
R HoflA AHE &S] As 3. con—
vection oven ERJO=Z X 90T 74
Pre—heating 7}s. (1A= v]AR)

Z Y
P,
oo

=N

mtn

3) 7|EZ o7 Aolwalls B diadiry) BERoH T ol HodirE =95 o]
SAE oA s wde) ARk (Uekg ) PR BsPIAE 2ashs B¢
ko] v U Sl wheba Abelksl(Spontaneous ignition: ol A Lol
EM ), AsdeHAuto ignition: 2keRel glo] =& VhdshA Aol HA o] We}), A4

=]

3}
23HPyrophoric ignition: XP/IHPQ*‘J =40l 7 RO Aot whERl & 1 vk

A o] F w0} wah)s T

_\;::
-z
2 N op e

119

=
Hy
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— A % oG
7h ZPA-3Z olgsle] Aelueble ZASH: A%, tE Bl o
G W) ] A F FEE AEAIIA 2,
W) ARE FUSHe 8715 Hmesh) 0.2 Aol 9l7] i
B4 Folq WSk $15 FEFE HA ARl W] o]
WIS §-8)7t dojubl g A=st §715se olgtuo] el
Fetuz Fojsjof .

TeAQl Aol ohim, HskiA sk AlRe| A
4 s, AR e 37 ) 9 A S 5ol dat el o
; = Aol NF T 20-036(1985) 7+4& #4831l

— 8 24 . NF T 20—-036(1985) “Chemical products for industri
al use determination of the relative temperature of

the spontaneous flammability of solids”



el Qe ke W] wiie] AJES E Aol
olzlel e TIjRO] ARE AREstofof s ¢Jo|R TS
=tk 3 Al o Al W(mesh, 45um) o= A
2w Almge] ©AR7] wiEe] ARl AAT|IZE ZAL
SA2EHRA 8§ ol ogt AR olF ThedE AR

— H7pPEAt
7h dEAlolU AREARIEEREA 5o AEA AiE BEYiR Slof
ol WeH(E-1P)7ks F7g3ith
W) 249 B-TPE ZRgos Bot 0.5 C/min HE2 71dste] ME
2&e7b 400 CE 2k AlRolAS] k(furnace)®] ==E ST

h

ARO| AeslEom Aga) 17 12] A=
FlEaom shte] ARe] thalAl 3uAle] AFS s, 2 A
AL oheo] Wi S8 wEstolol G,

urE A gxte] Solots 33le] Zge] thatel BAH A
A% AN F apgolst AR BAstel S ARel HE
Apereyow A%,

_

(® 5) XIiLsty U= 518}

EXE ATZ HhS 518t (C)
300 °C oOjot >
300 °C O|At 10
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X|(Combustion Degree Tester)

AaA ABHA SRHEEY Mg WsH: AR AR AR(@L
A B} o] Eaiel 0] Haiele sltel AR Gk He o
RS ZABE EEBA HEgRo R ABPEEe] IASIEA Fol sh
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Al A & Brishs Avl=A vt 22 2ol 28 = & ok
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ST T TABPIIA AT Sl EREA AN A

delmgho s BERUe) AEHEE BolsHe Aloleh AR AlE Al ARRLC.

2 AMER 81 0 oF 2.0 mme] Ni AR AHgSH=E] Hc) oF 1,000C
A 2wE AHAR S Sl B BlelHE A A B ARk
el PG 958 MeAPt oAl HEBS v WMol U AAsHe
B7lelr] Slstel AAANEIIE A e R APE ARe] a8

Ao MRS HEAZ = wusloiriol oaum% Z5lo] meAlo] SHHEA

o Ao Bskch, Bk AR W AR 1R 14e] Lol
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1 #2371 Y 24
1) groryY B AL
(1) dsdFEd4d3
(E 6) 22|7/0 mE 22X =2k BEAMZAD QoF
=445
NEL =g 2217|(Air purge) =28 E27I(N2 Purge)
2EHQ | FELA | JHARE | 2EHE | FFLL | HARE
°c] [%] °q] [°’C] [%] °’C]
39~386 40.5 39~284 20.4
PUF(A) 386~800 53.3 230 284~800 57.3 243
S 94 s 77.7
44~403 66 38~408 74.4
PUF-coat(A) | 403~800 26.8 250 408~800 17.7 260
v 92.8 v 92.1
41~416 16.7 40~383 12.6
IO -ZAX | 416~800 82.4 240 383~800 65.2 252
T 99.1 s 77.8
39~330 11.3 39~339 11.5
HFQITT-3|AH | 330~800 67.9 426 339~800 444 -
s 79.2 Y 55.9
39~281 16.8 39~281 204
sho|H} 281~360 34 454 281~403 34.8
ZapA 360~800 35.4 403~800 29.3
S 86.2 S 84.5
40~367 485 38.9~367 61.7
PUF(B) 368~799 487 230 367~800 46.2 230
$97.2 $107.9
47~432 75.4 39~455 84
PUF-coat(B) | 432~800 219 270 455~800 11.2 270
$97.3 $92.2
Silica fiber | 38~800 48 - 38~800 2.3 -

V. Zap 9
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U 3717} slakel Aol digh AlRe] debyA] wisteltE w7k flsto]
TUSH AR diste] B2 HQloAE dFTFE
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SIAEO7 oA AEAe| ofst HekkAas 2 SDTA(Single Differential T
hermal Analysis)?)&A Ayl H2R ARGE 4579 Zo|9desi 25
7F ARz o® 300 T ofstollA A AR, AIE FFQl 800 T ofst
oMK 85 % olFe] FRFIATE TR on, BAo] FrE Fof 87] el ot
et Feje] HfE(residue)S FAdatdict. 7o R AAst B2 F$9
et J7pAs), Alsl Bejlo] ofgt Jgko] wiAEHA 2E FRHIAE =
HshE Qllont HHkQl HE 7%

AR ANRS: 28sto] Bea W uhelze] o7 kA
Aol AME HE AJEE 1000 € ol4te] 1] f3EE]

=~
SHe 9ol WEHelA Ayl Wl Hapliel wae Fust
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- = 1l L Sl

2 S(smoldering)o] WS 7FsAdo] srhal & 4= Qi o] Z9-dEt

Eo ko gHLLOL Wy =0 o 4dul vre "R EE Z1y] o
i=]

5) SDTA(Single Differential Thermal Analysis) @ A|&S 7}d3sho| webi] AJRZ ol WAYsH=
AHHIHEY, Td)E Uehde feg, Ad ddske] welE 7. TGAS 7% SDTA Al
A& FolA Sl WEAA IS FAl 57,
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(7H PUF(A) 2443}

|||||

a. GHEY 7oA A3} (purge rate = 20 mL_air/min)

w0

a0 = 400 am =0 =0 oo e 00 ™

b. £344 %%7]01]/\1 ﬁJ}(purge rate = 20 mL_Nz/min)

[22! 15] PUF(A)Ofl CHgH g2 2A Zn}

shgRslsold A RS (30 ~ 800) 09 LEgiolN Bl
5 ouAe] FepstE Uehlnh wEd ae] B RS o
S Eukslis 19k 17F (39 ~ 386) T oA oF 41 %9] FukrAv) wb
Eﬂi, (386 ~ 800)T ollAli= 12} #-alivk-g-o] Ak} vlasf aaake] 4k
A Baful-3-(oxidative decomposition) 02 FAE= °oF 6 kJ/go] Wy}

(L ol
o

2o oo

Mooz

37 oF 53 %o FFtarl WAFCE SDTAS 7|ZoR dzo ey} W
A7) A|RER= ARA el % (onset temperature)= 9F 230 €T & & 4=
att BRI E FEFHSRE fARH YEREO L, ARREE Beflof 9]
oF 5 wieh IS =R i)

Iv. Za 3 % |
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(1} PUF—coat(A) 4143}

SAE9)7]1014 PUF—coat(A)+= (44 ~ 403) T oAl oF 66 %2] St
7} JRgi o (403 ~ 800)T oA+ oF 27 %] FaFdAr| Wit PU
FARCTH AFoR =2 Hrs 7, d&s) A%} *H‘JWQE Eo
U, 13 AL 50% oA 7“3‘% SERLEC R 80 Al
SE(residue)?] Ag = PUF(A)L} &2 PUF—coat(A)+~= Kt
a5 ol ofgt AR Fej] =S FHT

el

|o
o\ o

_'_.6
_’_‘6

qr

i=

.........

b. E&4E 794 A3Npurge rate = 20 mL_N;/min)
] PUF—coat(A)0ll CHEH BEE &4 Zu}

H
o
> =

PUF—coat(A)2] < SDTAZS 7|50z dxoz Hsl} ‘ﬂ““é}ﬂ A2}
L onl oF 950 € Z2 PUFR(A)Q} H|adle] 60 € AL = ANE =Y
of, B2 BQ7lofAe fARE 2vhA] EefliS B oLy A Al thAlo

A RAgk &A190] oF 10 % AL =2 7HS Hr)
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BOTA

b. 234 %247]01]/\1 7ﬂ_HL(purge rate = 20 mL_N2/min)

a3 17] WEE-AF| e @Y 24

—

7oA W E-HAE 2dA 9] SEREE Holedl, (41 ~ 416)
oA °oF 17 %] FeFAvf WAl o, (418 ~ 800)TC o4+ °F 82 %
TEAARTE WARIY Alms B JHE Eol%tﬂ Aol ErsEl o
SIMO] Zh=o] ver EARlen, Eeleete ] [ i
o] A er Wit} SDTAE 7[=e& d4ud 7H/\]%E—E °F 240 T®
PUF—coat(A)Et} WAWE FA| EAE0] W7 ufitof] Alme] 242431 #3)f7
WSS 2= = WA onset temperature ¢ 467 C®E H7KSF 4= Qo)
S22 10 Akaxo] BAfel ofgt W peak®] ARt Apo|7} Q&
ARE e Bl

=

o

orr o

-
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7oA Akasell ofjt SDTA &k Afolsh A1l A=t A= 24
w71t frARRE A HoAT.

(1)) sfolutels B A

a. TR oA A} (purge rate = 20 mL_air/min)

P .3!.7?2 Ty
e mae
Jght Limit 403,48 °C i
— i
0. o - — S
A e T P B B> PP S P~ R s
w SOTA
“\I
o, e \
Right Lisit 51654 C \
4' /[_\_--_" \/
g - et —~——
e e,
i
= 1w 150 0 o0 0 0 - 0 =0 w0 wn ] o0 ™ "f.
b. 224 %%’47]01]/4 A3 purge rate = 20 mL_N;/min)

[32 19] stojuiZatA0f et S 24 Zut

sfolufelit HH2AS Ao IR TPR YA Kb, 24
BelolA] F 3eAle] FRWsHE Malt (39 ~ 281) T, (281 ~ 360) T
WISl £ EHAle Beo] EAjElo] Lehts F7loR TYE nEARAe)

S 9 Jofjof] 7191k Alor AW, Z17f oF 17 %9} 34 %9] T A
= YeERlth (360 ~ 800) T thg =do) 4kel gl wsfjof ot kS
& ek EeR oF 35 %o FEAAE Holon, Wdaxet gl ARd
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(B} PUF(B) w4141}

JER710A E AlEE (30 ~ 800) Tof Ww=HLlollA A% At
2eHA|o) SEHskE yebleh 1Al 1 (40 ~ 367) T oA oF 49 %
ST WAgglom, (368 ~ 800)TC oAl oF 49 %ol TR W
AT SDTAE 7|20 2 gz o g o) dilsy| A|&lsl= ARl o] 2
(onset temperature)—b— °F 230 T & PUF(A)2} FAKRRE 23s Yepict &
A7l S8 A= A A TRSellA A7 10 % 7=
o], o= Akt Sl= AEiollAl dAALkste] ofgt ko] wiA|Eql7] Wl s
7=,

o

1

E B He
i F

.z
(ot 30743 1
s i o
,___/’Fq\/ n

o0 150 ) E won w0 am 150 o0 =0 s 80 oo ma s

a. TAES7) oA A} (purge rate = 20 mL_air/min)

)

b. E3}h4 {?_.747]01]/\1 A3Hpurge rate = 20 mL_Nz/min)
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[22! 20] PUF(B)OIl CHE E=2F 24 Zn}

v. A3 @ ox 31
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(AH PUF—coat(B) &4141}

91710014 PUF—coat(B)= (47 ~ 432) T °lA oF 75 %°] S&d4a
7 iggiom, (432 ~ 800) T oAl oF 22 %o T WAL %
7] SFHA7F PUF—coat(A) et 10% 4% WA #SE A=, o= sid Al
= dEmEl] 249 Zolof wE alEAke] GhxA] Zjole 7|
= Ao® FAEC PUF—coatB)® AlY S F AvA] Jefja Wy
= =2 +r

Hiras A2, =270l =785 A Akt s vERh
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o
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b. E&AES]7]oA ZiHpurge rate = 20 mL_N;/min)

[38! 21] PUF—coat(B)0ll CHgt E=2F 24 Zu}



(o} Silica fiber 41243}

Silica fiberQ] 79 AlAo] GXo} 7| A9lo] 140 ¢ wlykolA %7] 4=
B el offt AAS Aelsln e AR Swvsl) e 2 g
Holk= AT, Falm sfiet ARl A=A MSDSe| sk Al 96% ©)4
o] SiO2& AE silica AF=H o] AlshEl BARK Abho] tigk WA
of §Ithal = 4= lom, Egt H=3o] 1600 T oo, H=3 2230 C

ooz ZAE ] Qo] i Al el A Hkede: gltkal & = Sl

%0 O
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i T _ “"“—u.,__m‘_\‘hh
L e
R
-\\\
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a. TAES7) oA A} (purge rate = 20 mL_air/min)
‘u‘ Ym.
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5__\\\%
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(2) S A=A A A}
gadAe et 2 o] AlRE ARG, AR A efRRl
Aol g7 wioll sl W 71Ef Higof ofsiA AR jhde] 2%t Y=
=tielste] 7 o= ok AT A0l AR B UERE EaA 2
So Aokl = Eeledet SeedEsy 28] e dAdwA

Temperature and Pressure as a Function of Time

550 -13

52$ — — ] 125
| —

12
Pressure < 115

480
460
440
420

10.5

380
360]
340

= 320 75 -
Fﬁ! 300 7 i
:
8 2 ° s
g 20 . 55 T
E 220 — ~ L g
E - 3
(= 200 r ——1

150 Il i Fara [ 1S

160) i V4 ra ¢

140 o 4 /4 [ [ |lss

120 Ll F 4 = | s

100 -~ /s ff: NEE

an| "l _ . | 1l

—— - -
60| 2
40 1

20 0.5

OE+0' T -0E+0
0E+0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2800

Time(min)

[32 23] PUF(A)2] ARC 2411} : AJZiof U2 2 /YEiHS}

(1% 231 PUR(A)e] et 2918 ehiid], adq B 4 i vle}
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1. LG22 38 =21 |E°| MSDSof

1) PUFAE EE=E

22 Fg2A 2REYEB
TEEE SHEE S E202HE E22 A%ope 22 Lol BER Isomer | MDI | #7t7
=4 40~60 10~30 3~6 25~30 10~15 1-2 50~60 | 25~45 | 0.1-~1
- ~ [9041-33-|9016-87-
CAS Mo. |29434-03-5 52625-13-3 9051-49-4 | 37625-56-2  108-9-0 25265-71-8 |280-57-9|406-58-6 |431-89-0 1;575 622337 % 1233 90169 &7 101-68-8106-75-2
Clear,
colourless,
colourless,very viscous viscous, colourlss very Crystalline| colourless light sold
hAR T MO . . ol W ]
ol 2oEd liquid at ambient homogenous and hygroscopic | solidiwhit| volatile colourles | olorss N | yellow vihie ta liquid
H odourless - gas liquid o |light
temperature liquid at liquid g) liquid solid |
. liquid yellow
ambient
temperature.
NO, TgRHEr
M.P <-2015°C <-150°C <100 °C - <-20 158 <20 | <1295 -42 -30 N/ 377 37.7]
22004 2 127
A= £ =5s
8P 2511:(1" 350°C(E) 355.4°C ;;,ﬂ;’ 27 1734 | 401 |18~ -16(235-248| »205 | N/A 3 w|e
=T 2ol B
450) SmmHg
zc 102 11 1.09 11 102 114 127 141 129 104 N/A 12 12
- 15 |15
o g5 ; 7 It |7z
=X 12kg/L 264(100%) | S1g/L 100% 36% | 17g/L | 0239 | L6l NA g7t |mollit |7tEs
89 6%mnw) A
TERH |TER)
pH 13 8601 /L) 49~69 4546 74 N/A - [6(1.7g/L) 7 N/A N/A N/B N/P
study
w17 m 192 218 120 622 | <2 te‘;:';t’” 185 | 10 | wa ng  ng| 16
feasible
AT 280 365 363 383 332 N/A 580 N/A =500 N/A N/A N/A
uming non-
EL N/A N/A /A N/A N/A time was | 3.6~13.3 | flammabl|  N/A N/ /R N/P
7 seconds £
study
[ technicall
(E)EE |105 mm2/s 66495 mPa s 4130 mPa s | 2000 mPa s 118 mm2/s N/A |04 mPas ynat 61 mPa/s N/A N/P
feasible
Pvap | 0.0002 kPa 6.92E-7 kPa 1.18E-8 kPa <1Pa 13Pa 0034 kPa| 433 2936 DE;AB N/A  [6E-8 kPa |6E-8 kP2 |5 mmHg




el 221 AYdE7

,_
5
)
Fo
e
rx
ol
1
ofo
HT
ro

2) PUF-coat(A)g2 A= =%

#HE B
Pgsg| #H2A
EasA=zEd ofsl | ®ML | ®otH2 | uEalx | olusiEles
=4 91~100 51~60 21~30 1~10 11~20 1~10
CAS Mo. | 9020-84-2 9046-10-0 2095-02-05 | 2095-01-04 | 13674-84-5 | 13463-67-7
020842| 16100
R il g T [
M.P N/A -42 1855
BP N/A 232 235~243 2500~3000
== 113 0,948 1.29 4.23
28 = E&4 100g/L 1.08 g/L 254
pH N/A 117 N/P
F/P 135 128 218~220 N/P
AIT N/A 240 N/P
EL MN/A 0.7~5 MN/P
srme | 100500 5.46 mm2/s 61 cP N/P
Pvap N/A 0.00119 kPa MN/P
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o Q_pick Q_total
ateria
(kW/m?) (MJ/m?)
Fire retardant expanded polystyrene foam
( density : 16 kg/m?3) 1280 221
Extruded polystyrene foam
( density : 32kg/m3) 1350 335
Rigid polyurethane foam(spray)
( density : 38.4kg/m3) 331 219
Rigid polyurethane panel foam 147 13.9

( density : 41.6kg/m3)

Non-fire retardant rigid polyurethane
foam(spray) 361 55
( density : 51.2kg/m3)

Polyisocynaurate foam(board)

( density : 25.6kg/m?3 ) 79 7

Phenolic foam

(density : 41.6kg/m3) 111 36

X SAL(50 kW/m), Q pick(H|HE E4 ), Q totalB LA

2) 7tA=2| ALFHX|
= 215k [l 243t [C] AEAX]E [%]
=23y 260 450 22~23
ECVIER 340 350 17
Z2|AEO|3l foam 370 495 18
Z2| 29 Et foam 310 415 20~21
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Mol 2% EHTI

0O oo

Material ESF(m/kg)
Fire retardant expanded polystyrene foam 1292
( density : 16 kg/m?3)
Extruded .polystyrene foam 1374
( density : 32kg/m?3)
Rigid polyurethane foam(spray) 1312
( density : 38.4kg/m3)
Rigid polyurethane panel foam 403
( density : 41.6kg/m3 )
Non-fire retardant rigid polyurethane foam(spray) 683
( density : 51.2kg/m3)
Polyisocynaurate foam(board) 264
( density : 25.6kg/m3)
Phenolic foam s
(density : 41.6kg/m? )

% ESF(Emitting Smoke Factor) : X 29| &38|

e} HiC
4) tRfo| HETHA & HATIA MY
Fire development Temp. Evolution and toxic effects of fire gases
range
1.Nonflaming- thermal 500T

/smouldering fires

Evolution of many decomposed products e.g. HCN, HCI, acrolein,
depending composition of materials.

CO,; and CO generate most and always. Main danger here is generally the
toxicity of CO.

2.Early/developing 400C
flaming fires “00°C

Once flaming occurs, high temperature oxidative flame converts most of
decomposed gases into
CO, and H,0. Generation of toxic gases increase due to development of

fire , although irritant gases and CO are relatively low.

3.Fully developed or =R800C

post-flashover fires

O, concentrations are low at high temperature. Pyrolyzed products break

down into low molecule substances e.g. CO, HCN. High concentrations

of these gases increase danger of gas toxicity.

HCN: Hydrogen cyanide, HCI: Hydrogen chloride, CO;: carbon dioxide,
CO: Carbon monoxide, H-O: Water, O,. Oxygen

4
S




5) =R AAIAO ENNE

=

Toxicity Gas LCq" ppm (v/v, 30min.) RD.,™ ppm
component
Narcotic gas co¥ 5000 ~ 6600
HCN Y 110 ~ 200
co,” (narcotie; CO, 5%)
Hypxia®  (effect on memory; O, 14%)
Irritant gas HC1? 1600 ~ 6000 309
Acrolein * 140 ~ 170 1.7
Ammonia ¥ 1400 ~ 8000 303
NO, 2 NO, 60 ~ 250 349

! LCsy- Concentration statistically calculated to cause the death of one half of the animals
exposed to a toxic substance for a specified fime (e.g.10, 30 min.).

? RDso- Statistically calculated concentration of a sensory irritant required to reduce the breathing
rate of laboratory rodents by 50%.
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