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ABSTRACT : The improvement of flame retardancy of the foams based on NBR/GTR compounds was
conducted by formulating various materials i.e. NBR, GTR, inorganic and phosphorus containing flame
retardants, foaming agent, cross-linking agent and activator. The foaming properties, morphology, smoke
density and flame retardancy of the specimens were investigated using SEM, LOI tester, smoke density
control system and cone calorimeter. The phosphorus containing flame retardant reduces heat release rate,
increases the limiting oxygen index and a char formation. The inorganic flame retardant increases the limiting
oxygen index and reduces heat release rate with an increased CO yield by char formation, and smoke

suppressing effect. The formed char seemed to intercept the oxygen transport and heat transfer into the
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core area. When the composition ratios of the compounds of NBR/GTR were 100~80/0~20 wt.%, and
the ratios of the rubbers/flame retardants were 1/1.55~3.60 wt.%, we could developed foams with low

heat release rate, high limiting oxygen index(28.0~39.3), closed or semi-closed cell of uniformity and

reasonable expandability(225 ~250 %).

Keywords : NBR, GTR, foam, foaming property, flame retardancy, smoke density
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2171 - 24EEe] E3S  rheomixer(Haake600p)
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7l(Samwon Chemical)E, WE3+= oven(HB-503M)&
AREEIa, WA A= cone  calorimeter(Fire
Testing Technology)2} LOI tester(Atlas)S, A7|W %
ZFAR= smoke density control system(Atlas)S, FE
22X FZAR= SEMISM-840A, Jeol/ S-4700, Hitachi)
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9 &3 doiMe nF 2 H A
AA, LZA, ZlhaA 5)E HA 2AHWE sk
rheomixerE o]-&ale] Egslgiri(Table 1). ©A 7}
o B 7luEAAE HrbeA & 114~120 Col
Al RPM 50°0.% 20~40 7+ 33+ o8 7l 2
Tt ERAAE HA7BIAL 62~70 TollA RPM 509
E 5~10 B3 =48 ek A EAIZS mini-max
molderE ©]&3}o] 70~75 CToA 2~58 Zo &
Fe 5 4E - AEst] 3105 mm(F)x6~13
cm(ZoNE Ze AV1E el ABLS Ak

Table 1. The Composition of the Compounds Based
on NBR/GTR

ltem Composition (wt. ratio)
‘ . RNG)  RFR R Ba
Specimen a b ¢ & A
1 100/0 /155 110 020 025 0.20
2 ” 1/185 110 060 013 0.20
3 " 17195 110 070 015 0.20
4 i 1/200 125 060 015 0.20
5 80/ 20 1/345 265 070 010 0.20
6 " 17360 280 070 010 0.20

cf) R(N/G): Rubbers(NBR/GTR), FR: Flame Retardants
(2;Al(OH)s, b; phosphorus containing flame retar-
dant, c: Others), B-a & A: Blowing agent & Acti-
vator
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Cone Calorimeter &4 : Cone Calorimeter& o]
sl ASTM E 1354-949 o7 A|H =7]E 100
mm X 100 mm X 9 mm= &)1l heat luxE 50 KW/
m’, flow rate 0.024 m'/s=® dla] w45 (heat
release rate, HRR) |, & 4 “W&oKtotal heat release,
THR), & Al H(effective heat of combustion,
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(b
Figure 1. SEM microphotographs of the foam(a) and

the dispersion of the compound(b), NBR/GTR(100/0)
(specimen 1).
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dAAe] gheko] 345 PHRS] specimen 59 79
Table 29 H<lulel 7ro] specimen 1~48} FA3h

L= A E¥} o] Fojgom, L8Rt
T FYEAch Iy LESo] 235 %=
specimen 1~409] HJ8] 743 246 %) Kk
[e]

2] Figure 2ol X & 5 o] 409 sht

i

_{

(b
Figure 2. SEM microphotographs of the foam(a) and
the dispersion of the compound(b), NBR/GTR(80/20)
(specimen 35).

Table 2. The Expandability of the Compounds
Based on NBR/GTR

liem Foaming
(unit)  Foaming temp.  Expan- Cell
Spec / Time required dability ~Surface ¢
ecimen k :
pect (C/min) %) structure
| 10~170/35 250 smooth 6050 el
uniform
2 " 247 " "
3 " 248 " "
4 “ 250 " "
< semi-closed
3 ! 35 cell, uniform
6 " 225 " "
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ol cell Ho] H#l semi-closed cell2 specimen ol g}l 7M4AAE A8ET 928 ¢ 5 gk 1
1~40] BlsfM = tha vgsht vy 793 g Z]al Figure 2(b)ollA B 5 Ql5o] H7iAle] &4t
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froll e} st MEE 4 Qe a8 A §hako) TEFo] Thh Aad %EF o el 72 Y H
diF oz #AAE] AU & EFA] torquet 7HAe] A s e FgEe Bk
FOHAL YEA ESe] opHEE, Axd olZH A Fhgo] 360 PHRS| WA=
AlEe] yigte] dssiAl Eo] dEA] de] A LEI Ao A F cello] o] ool w}
2 ocelle] o] oA Hrt ol2H cell WH<] 2 TYU3 semiclosed cell AL AT & YA
WA Fael] wE AAUHE cell Ho] 7Ys th 22]a ddAe] R wE HAgwe] ¥
A ggozm P g8l semi-closed cello] A 2 REIZANE ARAE Fog AAL I
e A2 Algdth GTRES NBR H: EPDM g 4= Uik

e e A ) et 2 WEAS| Ul U ol 2A

LA wallol] o3 AR 7tAE ABE FolE

Sz BIE L AHIE FA G AT Hyud W) e] welA ZALE cone calorimeterE o]-&
up 9k meba) GTRe] 20 wi% AME® speci- ASTM E 1354-94¢] ©]73le] HRR ¥ W&E7}AS
men 5, 62] 74-¢ GTRd| &%t LT & 744= 3K Z35194aL, LOI testerS ©]8 ASTM D 28630 <]

Aste] LOIE Z43814ck 3 smoke density
control system=2- ©]-§& A7 Z(l-optical transmi-
ttance)5 Z7%3}o] specimen A E 7l 1 EHELS
vt} &3 Ayl th3-2] Table 3, Figures

Rots Aoz ATt A specimen 1~40] B
8 dAle] o] 2u) o) FrlEtdglE
ok vlwE 7Y semi-closed cellg 71F
e A ddA b7} dgom el ofhm

2 m{m

Table 3. The Cone Calorimeter Data & Limiting Oxygen Index of the Foams Based on NBR/GTR (100/0,
80/20)

AHRR - M-HRR - THR  A-BHC M-EHC TII FO IM ML R . ACOY ACOY
(kW/m’) (kW) (MIm®) (Mikg) (Mikg) (5 (9 (2) (2) (Wi%) (kg/kg)  (kghke)

1 27.0 113 222 16.7 17.8 31.2 9 233 155 69 555 0385 0.047 1.23
2 28.1 95 215 26.0 14.4 39.0 13 270 252 148 41.7 0.780 0.098 0.94
3 28.4 93 158 16.4 12.8 24.3 22185 23.8 10.1 57.6 0491 0.105 0.83
4 303 77 133 14.0 14.2 315 24 180 187 6.7 642 0.172 0.070 1.12
5 38.0 54 83 223 154 35.0 41 407 343 113 67.0 0.030 0.033 1.33
6 393 47 55 15.2 13.0 18.8 76 382 295 52 82.0 0.028 0.031 1.34

cf) LOL 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(1-optical transmittance),
A-COY: average CO vyield, A-CO,Y: average CO, yield

Azt gw] A37A A3, 2002
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Figure 3. Heat release rate of the foams, (a) NBR/GTR;
100/0, (b) NBR/GTR; 80/20.
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Figure 4. CO production rate of the foams, (a)
NBR/GTR; 100/0, (b) NBR/GTR; 80/20.
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Figure 5. CO; production rate of the foams, (a)
NBR/GTR; 100/0, (b) NBR/GTR; 80/20.
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30] 0.780, 04912 =A| velyit} o] =g ®wie
ataukel A g char PAjo] ol wel =&
Al 24 a9 AYs st 53 AL
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Total amount of CO liberated (kg/kg)
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G

Figure 6. Total amount of CO liberated of the foams,
(a) NBR/GTR; 100/0, (b) NBR/GTR; 80/20.
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4 ~—O— specimen 2 }
—A— gpecimen 3 /
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Figure 7. Total amount of CO; liberated of the foams,
(2) NBR/GTR; 100/0, (b) NBR/GTR; 80/20.

o] Table 3o o AARSL 29tk Specimen 22]
7% LO7} 28.1, A-HRR®] 95 kW/n’, M-HRRo]
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kgkg, 123 CO, WEFo] 0.94 kghkgolATk F
7154 FASEQl WAl azt 015 wi% Z71sh
7% LOI7} 30322 Z7189a, o
9} ¥hdd] A-HRRo] 77 kW/m'®, M-HRR¢] 133
kWn'Z, THR E3 140 Mim’s 7-astgon,
HRR(Figure 3):= 7+2:5l4t} ¥3 Figure 4= A7)
g /710 FE] H Mol Aol o
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Figure 8. Mass loss vs. average heat release rate of the
foams based on NBR/GTR.
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Figure 9. Mass loss vs. limiting oxygen indices of the
foams based on NBR/GTR.
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