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ABSTRACT : The flame retarded NBR foams were prepared with metal hydroxides and various
phosphorus/nitrogen-containing flame retardants. The dependency of the phosphorus content on thermal
properties, flame retardancy, smoke density, and foaming properties were investigated in the foams.
Foaming properties and morphology of the flame retarded NBR foams with P/N flame retardants( < 10 phr)
were similar to those of the foams without P/N ones but containing metal hydroxides The flame retardancy
of the foams was improved with increasing the phosphorus content and char formation under combustion
atmosphere. The cone-calorimeter test and LOI index were also coincided with the TGA analysis quite
well. The heat release rate (HRR), total heat release (THR), and effective heat of combustion (EHC) were
decreased, whereas the carbon monoxide yield was increased with increase of the phosphorus content of
P/N flame retardant. The smoke density values were closely related with CO yield values obtained by
the cone-calorimeter test due to the high and hard char formation.

Keywords : NBR, phosphorus/nitrogen containing flame retardant, foam, foaming property, flame
retardancy

toEA AHe-mail : bwjo@chosun.ac.kr)

105 Elastomer Vol. 39, No. 2, 2004



106

o
ox
m}‘{:

I.H £

nEA} By AE FepxE GEAH NPE, PU, PS,
PVC, EVA foam 5)3 5 LEA)(NBR, EPDM
foam §)EZ A EFT F Jov, gL V1T
2 73 Yol AR e UEs s,
gagd4, & 224, 5494 59 2573 Ao
2% 2ok (74'%, A%, AA, A, 222 F)
WA, S, & - A, TEA To2 B9
SHAl o] &1 »lﬁ}” Iy AT ddEe A
Atz Q18] FEA L] Aee 53 G, 874
Hggo] a7HL glov dx WIS }6 s
e Folge Aol 4A ¥vk gEA ] FA4o
Rl Fag ‘ﬂx}i TEee A4S Ax 2
LEEE & £ 5 Yo, 33A
el o1& At AA de
= %}2%21 et @ dEAe] ddsto] 3o
°|-8

=2 rB.

N
FJ
»ﬂ

w10 20
1o>
o
I
HU

FAHeg 7 ol ol8H e e A
e 7-}‘{2} dAA A7hHol glow, 2 AREH
E ddde gAES HRse FUleS
FA3E, 7719 e 52 € 4 Aok ey
ARF (53 S HEY JudA 2EAE
HIEE 2% Bopoll 3lo] A AFE wpel 2o
HAgE vto] opzt §A3sHgdo]l a7HI Q
= v A A 238 SEE £ 4 e F
E71AE U GRABRIES AMgo] ATH

olof & Aotk FzABFE R FAE =
d (1980 Ful, ol=Zole T AA FAA AHE
23], 19943 7)) A E chlorinated dioxins and
furansol] brominated dioxins and furans®] Z7}ol T
& 93] B3, 19993 thoLAle it Wt Ash,
vgd@= (19943 % polybrominated dipheny! ethers
(oxides) (PBDPE(0))S] DECA, OCTA ¥ PENTAZ]
AR FA)E HIRG §3 2 AR A 9
o ZsEn gl Aokt e Ase &
ZASE] e FAHA A HEH o] AAE
o AA LAY ol [P AdZ HAE A
slsta ok 21 @li AL, FHE T g
EEL ol 8YAE 2R st FAAA
F9 AM-E 4 (—1—‘:‘&‘@ 8, 11x F)tar 3lom,

dgtrgw] 397 A23, 2004

B

rk

(o]
R

A AR B FAE B Y (@FY A
3 A 2% 6108 1 Uk 2T vAde 3
Jpsle Jlzo2E nlFe] ASTM D-635, UL-94,
9B JIS K-6911, =Y2] DIN4102, 29]2=9]
EMPAS-3, Z19] KS F 2271, KS F 2257 5& &
_,\r: 9}‘:}‘-'0-'2

TEAre) s Wde dHeE ME A
FAe] FA, 7N1E 2R 35 AF (3
da), ud Foe 52 59 2ad 3
@AY G o A =Y P 5ol ik
AR 9] AL é‘ﬂz—igi olzwlg AHEL F
7WF1E wpEele, ol ofzwiE 1E9 =9l
g ulgys) Aoz Edel ofae Bael
9z, mExLe] 3skA ke EX chlori-
nation, bromination ¢ Wy o= FHALA Al F
=7l 9% 59 Wyl gow, Aved 58
23 23 A7 e A% 244, 5714
Q1A B %94 waAe Aued 5o Wy
2 Mol = Rog GrtaA mER
o AMgEt ﬂiﬂmu A% ARl SN
o HgHABAolm, FAA FIE HE B
Aol ¥ F5, 2 o9 daAg s AE
o Agsolt sE 7ER W B4 AsE
Yoyl wgo] Uk ;A A4FgL micro
scales (heating, transition, degradation, decomposition,

1

==
<

,ﬂ
g8 o

oxidation), macro scales (heating, decomposition, ig-
nition, combustion, propagation)$} mass scales (initial
fire, fire build-up, flash over, fully developed fire,
fire propagation)® TR = k. Al M=
o JelNe AZAEY aTEH R ZATLEA
o] FFHE #Isn 47 ddA ZHE viviE
2 AUA 538 F nshe o] uEHsEet
PRI RL

W71 AR & ATNA AgaA s U
AxA) (AFA) 59 A AAIEE dun
W, /2 4A ddAIE red phosphorus, phosphates,
ammonium polyphosphates, melamine cyanurate -5-©]
9lon, o9 Figure 13 Zo] AF{EI 1F
Ae Abaet weEte d-uERIM->E e
Qarg AAE B Atulte PAdstar, ER



r O
~
(i
b
)
T
r
2
e

Kl
o)

pal

Polymer | + Phosphorus containing
flame retardants

Phosphoric acid

Dehydration
carbonization

F Heat + O,

ydroxy radical
scavenging
Retarding degradation in gas phase

Nitrogen sousce
Solid char laver Intum escent thick char |ayer
A/

intumescent thick layer : Preventing the diffusion of i 2
* Heat

« Combustible decomposition products
« To/from the flame front

Figure 1. Mechanism of the phosphorus containing
flame retardants.
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Table 1. Composition of the NBR Compounds with Flame Retardants

Ttem Composition (wt. ratio)
(unit) IR
Specimen R/FR N ) . i . P . B-a & A Others
1 1/1.95 0.00 0.00 0.00 0.00 0.00 0.00 1.95 0.20 0.45
2 1/2.05 0.10 0.00 0.00 0.00 0.00 0.00 1.95 0.20 0.45
3 1/2.05 0.00 0.10 0.00 0.00 0.00 0.00 1.95 0.20 0.45
4 1/2.05 0.00 0.00 0.10 0.00 0.00 0.00 1.95 0.20 045
5 1/2.05 0.00 0.00 0.00 0.10 0.00 0.00 1.95 0.20 0.45
6 1/2.05 0.00 0.00 0.00 0.00 0.10 0.00 1.95 0.20 0.45
7 1/2.05 0.00 0.00 0.00 0.00 0.00 0.10 1.95 0.20 045
cf) R/FR: Rubbers (NBR)/FR: Flame retardants f{a; red phosphorus (P 93.1%), b; red phosphorus (P 90.4%), ¢;
ammonium polyphosphate (P/N 72.0/14.0%), d; melamine pyrophosphate (P/N 33.0/38.0%), e; 3-(Hydroxy

phenylphosphinyl)propanoic acid (P 14.0%), f; 9,10-dihydro-9-oxa-10-[2,3-di- (hydroxyethoxy)carbonylpropyl]-
10-phosphaphenanthrene-10-oxide (P 4.0%), g; aluminium hydroxide & others}, B-a & A: Blowing agent &

Activator

e Resin (NBR)

o Additives

-Flame Retardants
-Blowing agent & activator
| -Others

Rheomixer fat 115°C, 20min(1st)/ 65C, Smin(2nd)]

l

Hot-press [at 75TC]

|

Oven [at 120~2007C]

e Thermal property
e Foaming property
e Flame retardancy
¢ Morphology

Figure 2. Experimental procedure and process condition
of the NBR compounds with flame retardants.
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time required), & TF (cell structure), & =H7]
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(T+WL)pefore - Thickness(T) + Width(W) + Length(L)
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Table 2. Foaming Properties of the NBR foams with Flame Retardants

Item Foaming
Specimen o Foizi?iée?:g.h/ng;ne Expa?‘:;blhty Surface Cell structure

1 120~170/ 30 1020 smooth closed cell, uniform

2 » 950 4 lJ

3 » 935 1 »

4 Y 1020 » 7

5 7 980 Y ”

6 ” 710 Vi semi-closed cell, uniform
7 » 900 » closed cell, uniform

Batih
T
kv 14.2mm { 1.00mm

(b)

Figure 3. SEM microphotographs of the foam (a) and dispersion of the additives (b) of the NBR compounds with
flame retardants (specimen 1).

! R 1 [}
100um

(b)

Figure 4. SEM microphotographs of the foam (a) and dispersion of the additives (b) of the NBR compounds with
flame retardants (specimen 3).
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Figure 5, SEM microphotographs of the foam (a) and dispersion of the additives (b) of the NBR compounds with

flame retardants (specimen 4).

585A2 5.0kV 14 2mm x30 SE(M)

(2)

Figure 6. SEM microphotographs of the foam (a) and dispersion of the additives (b) of the NBR compounds with

flame retardants (specimen 6).
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Aol A7FEE 10 phr (A8 2 ~ DE FLY vt
3 WX ES A W) 223AN BEE (ME
2,3, 4,5, 6,7, 950, 935, 1020, 980, 710, 900 %)
o] zolE & F Ut (Figure 7). o] EALE
Ze oIt A7 A g € Ao Em
golo] ME Aoz wgEnkt geby WALA
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AZe WEAS R ol FHu=e]
4 5L 5 5 Utk Ex A9 Feko] FI1ASE,
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Ege A5t QUALA FAAS AMES A
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Zslg o, QUALA FAAE AHEF A8 Fo
Ae Adzes o MILS HAFL Qe
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Figure 7).
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Expandability (%)
g
.
T T
Xapuj ushbAxp Bunaur

>
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Specimen
Figure 7. Expandability and limiting oxygen index of
the NBR foams with flame retardants.
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Table 3. TGA/DTG Data of the Flame Retardants & NBR Foams with Flame Retardants (in N3)

(111?1:113 decomposition temp. (C, TGA) range of DTG peak (C) Residue (%; 785 T)
Specimen 0.5 % weight loss 5.0 % weight loss | deriv. weight loss (%/C) found caleulated
(a) 140 - 373 345 ~ 436 /19 13 -
(b) 210 374 316 ~ 468 / 14 11 -
(c) 218 275 182 ~ 665/ 0.3 52 -
F-R (d) 202 273 147 ~ 686 / 0.4 30 -
(e) 146 175 127 ~ 253 / 3.0 1 -
® - - - - -
(2 186 216 171 ~ 301/ 0.7 66 -
1 98 2 105 ~ 711 / 0.4 29 -
2 98 171 105 ~ 481/ 04 37 31
3 89 169 102 ~ 786/ 0.4 36 30
4 101 171 105 ~ 786 / 0.4 35 34
5 93 171 110 ~ 769 / 0.4 35 32
6 91 170 118 ~ 500 / 0.4 36 29
7 88 168 103 ~ 786 / 0.4 33 -

80 -

60

Weight (%)

20|
H
o L

T T T T T T T T
100 200 300 400 500 600 700 800 900

Temperature ("C)

Figure 8. TGA curves of the flame retardants (in N»).
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1.9, 14 W)Y, VALA A ¢, d= oF 147
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1A FAA gHTE HE (= 03 ~ 04 WT)HE,
A HAA ew T dRARD B 2R
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L - 2

ro>x
54
> bl
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Ao 4o

32 F-R (e}
A

284

244

2,0

Deriv. Weight Loss (%/ °C)

T T T L T T T
100 200 300 400 500 600 700 800
Temperature (C)

Figure 9. DTG curves of the flame retardants (in N2).

(= 127 ~ 253 CT)elld 7P B2 T3E4 (= 30
%WTye BalS Holgh 4 ATt (Table 3).
GxAMe) AHEAHL Table 3, Figure 103} 11
o Vehigich veAle] 97 S4FA} A (Figure
8)9l zolE HYPEd), 0.5 % FHEAY we] B
et AE | (dAA g FAA), 2 (@ AA), 4
(c; QUAZXANE ZHzk 98, 98, 101 TE, A& 3 (b;
QUAD, 5 (d; WAEA, 6 & VA, T € WA
7z} 89, 93, 91, 88 TZ HIS3PLH, 50 % 3
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Figure 10. TGA/DTG curves of the NBR foams with
flame retardants (in N3) (specimen 1, 2, 3, 4).
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Figure 11. TGA/DTG curves of the NBR foams with
flame retardants (in N2) (specimen 1, 5, 6, 7).
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B 2~ 70] Table 30} JePAnie} o] QU/AALA
FAAE BYstA ¥ A7 19 wis F1e
AR, JFFe F7HEo] o|EFRHT =5
& 4 UATH (Figure 10, 11). F, AA FAA

ARSEE A8 2, 39 A AR HAZ
o] ojZzkell HlE) 6 wit% HS-2, /AiA I
A ¢, dB AMES AR 4, 59 A AA FAA

AHERE A9-HTE ThA B 1~3 wi% A% A
AR A FAA eE AMEF Al
Fo] 2 27 (7T mtE B

oA AFstA=Rel BAER

(condensed phase)-&

O -
T
3

| #A&stHoY, A2 T 6 mgoR
2] TGA #4jo] ojfojFozx AXEHY, Z A
TZ (open & closed)®] g3ko] FHolFd|, = dd
A e vlFo] AUlF oz Yol @y g Zhie) wp
SAZTH ShollA AuiHd Bx& S 71
Aoz Btk wEhA, ZFF (7185C)0] &
Al ¢, d ab e TOZE BF}o}; WIAHY A
AqX= A8 2, 6,3, 5 AF 4, 7 (dAA a,
, b, 4, ¢, DTOE WSS o F AW F, A
GAAZE A GAART FRFe] Wke
FEAFe SlojMe 2318 QA HAAE AL
b AE7) QUAELA FAAE AMESE AR H]
o] 258, 123 QA daAE AR
A8 (2, 3, 6, DFIAAE AE 62 A3
o] BE4E IR O B ¢ F
2t} (Table 3).
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/AR U E
R 1Py GBS dadel ndo)
o) WIEHLS PAY ARAAE 2 AF
uej7t Faskee 428

3. WEAH Loty =y

AT AJHS dAA B LOI testerE o)
/3 LOIZ, cone-calorimeterZ ©]-8-3] HRR, THR,
EHC, COP, CO,P, COY, COY, TTI, FO, mass loss
S5 Ao, FLA FAAle] Tl w

s
&, & < il we 4749 5458 e
o mlwatdctt 1 ATEL Ygo Table 4,

Figure 12~ 18, Figure 199} 200 UEh ).

LOI #41. Table 4o vieldintel 2o} oV/ALA
HAAE AFEEA] & AlE 1 (294)0) ws) QY
ALA FAAE AHES AlF 2~79 4% Lo}
29.8~32.00.8 A3t o]y QUAAA FA
o] ol wg} AAEY FlolA & 2 daE
A 4= QU char PAjo] Rolol] w2 Ao
a8tk Figue o] =AIEIA%C] ¢ 318HE7
IREAE EAEe ALY £AZEE ClAR-TE
M->ZE W ERIAHE XS] Fdel] 4hee-g

, TS aRAY] @5anteS FAAA
BaAXe] carbonaceous chars B
char7} 4bast F& AEe
phase) &= Aoz daA o’

AL,

A% (condensed

NBRuE ¥ A o] AZ ¥ B4 115
a8al Al 2, 3, 4, 5, 6,7 22022 LOI/} 7t7}
32.0, 31.8, 31.0, 30.7, 30.1, 29.8% 2SS & 4= 9l
A3, = gdAAe < i) Faghel et
LOIZ} 7r4ghe 3R1g 4 YU (Table 4), &
24 Zyete fAKEE ATAEE
o] Z+ Alg @ UALA FAAe £
LOIZ TASIth 53] Aefake] B2 A
AR a (P 93.1 %), b (P 904 %)E A3 AE 2,
39 79 LOL FR0) w9 F (7 24, 26)&, 9
[AZA DA ¢ PN 720140 %), d (PN
33.038.0 %)F AEFE AR 4, 59 BEx AE 2
3o wis| tha wou) LOIe] ZF7hso] Zkz 13,
L6le & ol ol A7Igh vie} ol
& char A4 ¥ chare] A wjEel A
o2 Atz ¥k
ojZA <l FfEge] Fvigh wet AHAEE
F AUT chare] S FURAZIOEA LOH
Z71ke AFS (Figure 12), E¥-5o] LOM| w3
= 9L 1T 4 AUt (Figure 5).

e
- 32
off 3%

>

8.9

&F
=

Cone-calorimeter 543, Cone-calorimeter 54 A3}
Table 4 2 Figure 1394 & 4= gl%o] & % LOI

B2 Axel FA8F AITPE BT 9 2
LOl #4& &8 A8 2, 3,4, 5 6 7 T2 ¢
o] & Aow HGE =], cone-calorimeter

B4 % HRR, THR, EHC, A-COY, mass loss 5

Table 4. Cone-calorimeter Data & Limiting Oxygen Index of the NBR Foams with Phosphorus/Nitrogen

Containing Flame Retardants

\’f;‘g Lor [AHRR M-HRR - THR | A-EHC M—EHCT TII FOIIM ML R | (o ACOY A-COY
Specimen (kW/m®) (kW/m") (MI/m")|(MIkg) MIkg)| (5)  (5) | (&) (g) (Wt%) (ke/kg)  (kgke)
1 294 98 142 156 | 184 500 | 9 141167 111 335 (0107 00840 136

2 320 52 71 6.0 | 225 364 | 8 135|164 91 4450125 01670 158

3 318 54 77 701 | 246 241 | 75 115|158 9.0 42910120 0.1545 173

4 3101 60 105 68 | 136 254 | 16 112159 9.7 389 |0116 00879 217

5 3071 9 138 142 | 186 367 | 23 141]169 101 401 |0.111 00848 147

6 30.0 | 117 150 339 | 197 422 | 14 288326 185 433 |0.050 0.0753  1.05

7 298] 99 140 178 | 192 365 | 11 150|188 138 368 0.110 0.0844 133

cf) LOIL: limiting oxygen index, A-HRR: average heat release rate, M-HRR: maximum heat release rate, THR: total heat
release, A-EHC: average effective heat of combustion, M-EHC: maximum effective heat of combustion, TTI:
time to ignition, FO: flame out, IM: initial mass, ML: mass lost, R: residue, SD: smoke density (l-optical
transmittance), A-COY: average CO yield, A-CO,Y: average CO; yield
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Figure 12. Average heat release rate and limiting oxygen
index of the NBR foams with flame retardants.
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Figure 13. Flame retardancy of the NBR foams with
flame retardants.
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7] SollA Ak o] Hr}k YA ddAo]
Holz Aoz AlmAt®’

WALA FAAE AMRSEA] B AR 19 H]
s VERA FAAE AT AR 2~79 B
AR 65 A3l Fage] FHES & F U
t} (Table 4, Figure 13). A|& 6] 79 v]E %7
A (initial mass)7} FiFoz DA ol AAA
Zt (flame-out)o] Zojg o} Ed Ao IFviE
HRR ¥ THRo] A& 19| lefﬂ 433 ¥y, A1
gk chare] o] o3¢ A&AH A4l JgE

dztxgvw #3978 A2z, 2004

140

120

- Specimen 7

100 4

Heat Release Rate (kW/m?)

Time (sec)

Figure 14, Heat release rate of the NBR foams with
flame retardants.
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Figure 15. Average heat release rate and average CO
yield of the NBR foams with flame retardants.

(Figure 14)& 28d] 2 o A& 19 ®l3] ddA
o] & Aoz AZAHLh A8 72 A& 14 H|3)
wxge] AR QF ZI7)1FAe JuEd Fvt
o wg HRR, THR %Fo| ¥ I F7H&F
(A-HRR; 1 kW/m®, THR; 32 MJ/m’)o] wj-$- Zho
o, LOI (04) 2 AFF (33 wm%)e] F/1Eo] =
2 Aoz Hol ddAd o] AR 1ET 57
Aoz ALk QA dAA] a bE AMEE AR
2, 30] QUALA FAA ¢, dE AHEE 4, 59
& “aXo] $58E, A IAA e B ANRF
A& 6, 7L Q1 ko) /ALA FdA a b, ¢
do] vle] doiFes B Hd wep dAgol
Hrh Holde & 4 UAYT (Figure 13). F, 1 &
frgo]l Hojgd) me} A713tA%0l char Aol



Aozl daMde] "R o= Alg ). Figure
14o]= At W2 HRRE, Figure 15, 169 A)
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A-COY, ZH%F (char formation)S vFeRITH
Table 4 2 Figure 14~162 X@ i s
9lo] HRR, THR, FHC S& 7+Ash= ubdd
COY, char formationo] =78l A3 FQ AAES
A8 4 S8t

A g 2, 39 7.3%5 Table 4, Figure 14, 17, 18
Al B F ARl Ql FrEe] duFes B 9l
A FAAE ARRE AE 2 (P 931 %7t AR 3
(P 904 %, (A, M)-HRR 54, 77 kW/m’, THR 7.1
MJ/m’, A-BHC 24.6 Mi/kg)ol B3] (A, M)}-HRR,
THR, A-EHC So] Z}7} 52, 71 kWint, 6.0 MJ/nd,

[

T T T T T T T

4% —— Weight, TGA
-4 Char formation, Cone calorimeter

T
]

N

Weight (%), TGA
R 8 ‘;: 8
[ ]

T

J3jBWILOED 3Uo) (%) uoleuLio Jeyd

g €& & 8 & &

T

4
8

Specimen

Figure 16. Residues (TGA) and char formation (cone-
calorimeter) of the NBR foams with flame retardants

—=— Specimen 1
- Specimen 2
Specimen 3

- Specimen 4 R
- Specimen §
Specimen 6 P&

Specimen 7

[Z L2 I>Q

Total Heat Release (MJ/nf)

[ 50 100 1&‘30 260 250 3(‘)0 3‘50
Time (sec)
Figure 17. Total heat release of the NBR foams with
flame retardants
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2.5 Mikgo 2 #-2 (Figure 14) ®Hde] A-COY7H
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£ AT (Figure 15). ol& A73IAE0] A

Zo] BE5LE A7) o)A condensed phase
actiong 53 é A3 chare] L& B3l A&

o, B3 A IS B9 9§
Zi57) groz Algd®
OJ/%J_MH JAA S AFES AR 4 (PN 720/
14.0 %), 5 (P/N 33.0/38.0 %) A$ Ql Ffdo
2o JaAE AR AlE 49 (A, M)-HRR (60,
105 kW/m®), THR (6.8 MJ/m’), A-EHC (13.6 MJ/kg)
So] A% 5 ((A, M:-HRR 99, 138 kW/m’, THR
142 MI/m’, A-EHC 18.6 Ml/kg)el] vl =1, o]}
o] A-COYZ} 0.0879 kgkg (AE 5, 0.0848
kgkg)o 2 AUlFoE BES & 5 YA (Table
4, Figure 14, 15, 17, 18) o]z A3+ uhs}h zrol
WALA dAAY As Q FiEel S/ @
g} W] 4ot ¥4 g dhet 92 Add &
A char ¥Ao] WolR (FAZLTL Ao
Figure 199 thE 208 AJg 49] char formations
e, o) RE ¢ £ A% ¥A&"
char7} Aagte] g Aoz Algdck®’

A& 6, 79] 7% Table 4, Figure 14~185] e}
A owpel o] 9l ko] Zb7} 14.0, 40 %R A
Aoz e QA daA e & ARSSIAEH,
o|52 Q/ALA vmxﬂa ARESEA] & Al 1
(LOI 294, A-HRR 98 kW/m’, THR 15.6 MJ/m’, Z+
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Figure 18. CO production rate of the NBR foams with
flame retardants
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Figure 19. Char formation of the NBR compounds with
flame retardants (specimen 4).

Figure 20. Char formation of the NBR compounds with
flame retardants (specimen 6).

F% (char formation) 33.5 wt%, A-COY 0.0840
kg/kg) Btk 252 (char formation)& A8 6, 70|
7}7} 433, 368 wi%eZ Bsor), A-HRRo] A& 6
& 117 kWi'E E&8, A& 72 9 kWm'Z H)
282, THRS AR 6, 70 Z47F 339, 17.8 Mi/m’
o 4 YA, A-COY7F A|E 69
0.0753 kg/kg, A|E 70] 00844 kgkgO @ A& 1
(0.0840 kgkg)Rt} 23|38 ZasAY xS &
A F YUTE olE A8 69 HS w2 ¥

O O
2 532

dgtagn] 394 23, 2004

Z4 &
&xo B os 7Yd B3 do] FAEHA
723}, = A dAAFE}L FIH8I i #4

CEPERER-E
AT AgFo A
7} EA @ B

9 G4 (40 ol A
wedy Wl o e
Aoz Az, deln B

=R AAEA AT char FA glolA
A& 62 AYstn A8 BF KA
o)ZM cone-calorimeter EAJM%= & ¥ LOI

1 Aol FALS AEE, & A FAAE A
A% QUALA FAAE AT BeET
o] YL ¢ & YUk A FHF IVt
3ol we} HRR, THR, EHC o] 7}AdhHs ¥
cove /e, & WAl deds WY
& Ak BEEAC weh A7) Sl
AxAso| getie, & Ao Fu=rt U
of wat A4 A FaE Ara] frgjo] Bt
ol FdAe] Do

2 oo Mo
ox rd Jx

5. LEA|IH

Smoke density control systemS ©]-&3}
Ao wE Y Fge 7L, EL
100 %S 71Fo2 A4 Al A71Eg4 wHE d
Bgo ZAEE P39, FHE *2 1
transmittance 2 VERARITE o AAEL
2 Figure 21, 220 JERAITE Figure 210l 2
Agd WE A71YE9} A-COYS] W3lE, Figure
220 total smoke release (TSRYS- =A3HATH

Table 4 2 Figure 21, 22041 2 4= 31%©] cone-
calorimeter EAo]A2] (A)}-COYS 22 HIAS
B9tk ddade] ddgd meEh 5 HRR,
THR, EHC %o] 7hxsls whdo] B¢hd d4vt
o] (A)-CoY7t F7ske 2 2o] 7Y
T B3 2718 #318 F Adeh A el
2o YRS AHE ARY BS QNIRRT
e, & 9 Rl FUHESE IR dbst
Zo] RH AL T F Y& char FAo| F7ist
31, 849 charl Azl weh SdE7] sl
A AL old

=



e
R
1

e ACOY L0.16

/D\ﬁ\_\_mf\ L 0.14

012

124
0
1

0.10+

o
g

t0.10

(Bx/5¥) PIRIA 00 dbeiony

T
o
8

Smoke Density (1-optical transmittance)

—L oos
Specimen
Figure 21. Smoke density (1-optical transmittance) and

average CO yield of the NBR foams with flame
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flame retardants.
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