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2 ek = (GTR)Y YF FAAZS ¥33) acrylonitrile-butadiene
rubber (NBR) M2AE Azdy, ¥ ¥ LIEAY GTRO] "= FETE ZABIYD. 1
A3} pErgAAe] ZA8)7F 1/1.95~3.70 wi%o]H, GTRE] gtgko] 20 wi% HE oA ¢
29 o) A4 L celle] ARor A FS VEL (215~300 %)FH FLF DI/ 2 A
(closed/semi-ciosed cell)& HojFRom, %L LOI (29.4~40.0)9} ¥ (A)}HRRE HYS &9
A I GTRY o] F7idel weh A vl 5402 <8 Lot F7ista,
HRRo| Zavshe W] (A)-COYE #713E Flstdrh

2 Agelae Aetolo) nER

ABSTRACT : The flame retardancy and foaming properties of NBR foams containing waste ground tire
rubber (GTR) were studied. When the composition ratios of NBR/GTR were ranged in 100/0 ~—80/20 (w/w)
and rubbers/flame retardants were in the range of 1/1.95~3.70 wt%, the considerably optimized foam
for flame retardancy was obtained with high limiting oxygen indices (LOI, 29.4 ~40.0), low heat release
rate(HRR), closed/semi-closed cell of uniformity, and reasonable expandability (215~300 %). The LOI
was increased and the heat release rate was decreased with increasing the amount of GTR content.
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Table 1. The Composition of the Compounds Based on NBR/GTR (100/0~80/20)

Item Composition (wt. ratio)
(unit) FR
Specimen R(N/G) R/FR a 5 B-a & A Others
1 100/ 0 1/ 1.95 1.30 0.80 0.20 0.45
2 90/ 10 1/ 1.95 1.30 0.80 0.20 0.45
3 80/ 20 1/ 1.95 1.30 0.80 0.20 0.45
4 100/ 0 1/ 3.70 290 0.80 0.20 0.45
5 90/ 10 1/ 3.70 290 0.80 0.20 0.45
6 80/ 20 1/ 3.70 2.90 0.80 0.20 0.45

cf) R(N/G): Rubbers(NBR/GTR), FR: Flame Retardants(a; Inorganic flame retardants, b; Phosphorus containing flame

retardants & Others), B-a & A: Blowing agent & Activator

NBR/GTR
Additives Blow;zéigv:tgoim &
(flame-retardants, L
Crosslinking agent
Others) .
& activators

Compounding
Rheomixer [115°C, 50rpm, 20min(1st)/
65T, 50rpm, Smin(2nd)]

Extrusion
Mini-max molder [75C]

Foaming
Oven [120~200C]

Cooling & Stabilization

A4
Test

Figure 1. Experimental procedure and process condition
of the compounds based on NBR/GTR
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rate; COP, CO, production rate; CO.P, CO yield;
COY, CO: yield, COY), Z7|HZIAIT (time to
ignition; TTI), F-A7Z4A (mass loss; ML) S5&
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15-3-1-1 5.0kV 13.9mm x500 SE(M)

®

Figure 2. SEM microphotographs of the foam(a) and
the surface of the extrudate(b) of the NBR/GTR (100/0)
(specimen 1)

Table 2. The Expandability of the Compounds Based on NBR/GTR (100/0~80/20)

ltem Foaming
(unit)  Foaming temp. Expandability Surface Cell structure Cell size
Specimen / TE“&%?TE;‘ red (%) (mm)

1 120~170/ 35 300 smooth closed cell, uniform 0.8~2.2
2 V] 300 " » 08~22
3 " 290 " Vi 0.8~2.0
4 ” 230 ” semi-closed cell, uniform 0.5~1.6
5 n 227 // y 0.5~1.2
6 Vi 215 ” ] 0.5~1.1
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Figure 3. SEM microphotographs of the foam(a) and Figure 4. SEM microphotographs of the foam(a) and
the surface of the extrudate(b) of the NBR/GTR (80/20) the surface of the extrudate(b) of the NBR/GTR (100/0)
(specimen 3) (specimen 4)
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Figure 5. SEM microphotographs of the foam(a) and
the surface of the extrudate(b) of the NBR/GTR (90/10)
(specimen 5)
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160

140 | —&— specimen 4

—{1}— specimen 5
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120

Heat release rate (kW/th

0 T T T T T

200 300
Time (sec)
(b
Figure 7. Heat release rates of foams based on
NBR/GTR (100/0~80/20)

400 500 600

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

\@ Lol A-HRIE MHRR ~ THR  A-EHC M-EHC TTI FO IM ML R  ACOY A-COY
Specimen (kW/mY)  (kWm) MIfm) (Mikg) (Mlkg) () () (&) (9 W% (kegke) (ke/kg)
1 294 98 142 156 184 500 9 141 167 61 365  0.065 1.30
2 310 82 114 11.8 162 484 15 138 147 54 633 0059  1.02
3 323 78 103 10.6 179 467 22 134 162 42 741 0067 125
4 383 87 144 25.1 189 304 19 299 3001 9.0 700 0021 1.21
5 91 52 103 185 16.1 242 41 342 305 73 761 0025 137
6 400 33 43 17.0 158 271 162 585 303 7.7 746 0106 L6l

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, A-COY: average CO yield, A-CO,Y: average

CO; yield
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T T 7
o 100 200 300 400 500 600

Time (sec)

(a)

0.008

0.007 —@— specimen 4
—{1+— specimen 5
—A— specimen €

0.006 —

0.005

0.004 —

0.003

CO production rate (g/s)

0.002 | %

0.001

0.000 4
0 100 200 300 400 500 600
Time (sec)
®
Figure 8. CO production rates of foams based on
NBR/GTR (100/0~80/20)
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10.6 MI/m’2 Z-23t9Tk (Table 3). &, LOI A&
o] @& HRR, THRO] FAdte HIdS U &
Aot a2)m Alg 29 A9 A-COY ¥ A-COY
b Al 1, 39 mlE] 22 Eed (Table 3),

ol= %72 (initial mass, IM)o] ANHOF =

2o, & d4E 5 Je BH Ryt HJujHo

2 22l wet AxRS7] Sl s AR

o] A3 Aoz AzHEck I, AE 1, 3%

Hlas) Be GIRY| o] Z71gke]| whe} A-COY

7b =g Frleke whde] A-COYe o7 ZhAst
0.12

—®— specimen 1
—&— specimen 2
—{— specimen 3

CO, Production rate (g/s)
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CO, production rate (g/s)
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0 100 200 300 400 500 600
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Figure 9. CO: production rates of foams based on
NBR/GTR (100/0~80/20)



#HElo]o] RFERHGIR)e] VE
A} (Table 3). = Figure 8(2)¢} 9(a)ell A-COY,
A-CO, Y9} #ste] AJzlel] tigk COP, COPE &=
Alstgled), o] e GTRY 3 Frtol wet 74
4238 BHth o6 gdadAe) g3o] 195 phr
o] M9l oo, GRS 20 wi% HH ojuje]

7} TTIE %331, HRRE w31, B8 char 84
& fEgemH UMY Piol Sldse B
& 4 Ak

AlE 4, 5 69 ZST 1RO daA 9] I
o] 370 phrZ FUE W, F A} th=F g
S w NBR/GIR Z/gule] w3l (100/0~80/20,
wwyell T dade] HIE Hizt g Zlo=z
I ABRES Table 30 VeERITh AlE 62 B
of HuHAHW 4oz B AY Axtelo] AAA
& g agsank'® A8 1, 2, 3508 GTRY
ko] 0, 10, 20 Wi%E Z7}EE TTIe] Z7}
(19, 41, 162 5) 2 LOIZ} 27} (38.3, 39.1, 40.0)3}
32, Figure 7(byoll A Blule} o] HRRol 7+43s}
J(A-HRR 87, 52, 33 kW/m’, M-HRR 144, 103, 43
kW/m, ; Table 3), THRE ZFA (25.1, 185, 17.0
MI/mY)atdek. mald GTR &8k 2712 913t Lol
ol weh HRR % THRo| Za-dle 4%E A
A FA& 4= dArk 18]aL Figure 8(b), (bl
COP, COPE T=AEIHEY, ol9f #¥d A-COY

110

100

90

80 -

€
i 70
o
o 60
T
< 50 — @® specimen
H  specimen 2
40 - A specimen3
¥ specimen 4
€ specimen 5
30 o ® specimen6
20 T T
195 370

F-R Contents (phr)

Figure 10. Flame retardant contents vs. average heat
release rates of foams based on NBR/GTR (100/0~
80/20)
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