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Z=5 94 5= 23’ NBRGTR RFAS AlxskaL, o5 W54 3l wzSAe] 273 5] v
e 9= ARSI AFARE NBRIME ARSRE A WA =4 30 phr, lEfelo] 17-E (GTR)E
233 A 9 5 10 phr W9 Hlell A, xSl el W Zde AR W Ao Ak
A FE 9 A ke RS o 5 0ieh 3 Ak Al (Lo 4 A 3R E9e el
S7Htel w2t Lok S7isks, 2= e A A Lol w4 Aet AR S, 5 Lot
7hel w2t dYEEE (HRR), TIYET (THR) 5] F2ds o 5 oleh 23 4713 24 dlolA
T IS & W2 dUESE, FRUEE, FE9AY (BHO) 5= THE & 5 slslh d71Y

ol She] FA=EWE L4 A-COY et fAE A=, TGA £4¢0 3o Lol 3l 2= 2jw]E

1402 A oF 5 ggieh

ABSTRACT : The influence of expandable graphite (EG) on flame retardancy and foaming properties of the
NBR/GTR foams was studied. The foaming properties were similar to those of NBR/GTR foams without EG when
the EG contents were 10~ 30 phr. The LOI vaues were increased with the EG content. For cone-caorimeter test,
the data showed the trend smilar to that from experiment. When the composition ratios of the compounds of
NBR/GTR were 100~ 0/80~ 20 (w/w), and the EG contents were 10~ 30 phr, we obtained high flame retardancy
foams with low hest release rate (HRR), totdl heat rdlease (THR), effective heat of combustion (EHC) and carbon
monoxideyield (COY). The smoke density issimilar to CO yield values obtained by the cone-caorimeter test. TGA
anaysis dso showed the results gpproximately similar to those from the LOI and cone-cal orimeter experiments.

Keywords : NBR, GTR, expandable graphite, foaming property, flame retardancy.
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Figure 1. Crysta structure of the expandable graphite.

(b)
Figure 2. Expansion of the expandable graphite (g, before, by
after).
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ZHrERe] 79% (775 C)]l E3H(F)e W 54 (EG)
I} AFF-H ] AkkkEa]5E (duminium trihydrate; ATH)
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g Ao EARAEA HEE, ZHAH, 2 7,
A 727], A7H 4 5= 24 34 vle]l 32w
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A8 ") 7 (scanning eectron microscope; SEM, Hitachi S
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oxygen index; LOI), €¥=E4% (heat release rate; HRR),
9= (totd heat rdlease; THR), DeHAA (therma
stability), <171 % (smoke dengity; SD) 5) ARl A= &t
Al Aba A= A8 7] (LOI teter, Atlag), ZZ-Z2]7]E] (cone-
calorimeter, Fire Testing Technology), <1714 =574 A2~ El
(smoke density control system, Atlas), TGA (TA 205005 A}
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Figure 3. TGA/DTG curves of expandable graphite (in air).
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LEA Q) Az, LEA|Q] AZe] glo] TAu|= Tadle
1048} 7o) gk A& 1~4% GTRe] X3h=]z] o
<, & LFAEE NBRikE ARSsta, o]l wdhelA| = A
EGS] gfoll up vk 4l JUdEAl ] H3lE A8
28] EGE 1, 2, 3, 45°.% 0, 10, 20, 30 wi%e= 715k
t}. A& 5~8< NBR/IGTRY ZAJH]7} 80/20 (wiw)e]],
o] gl GTR ¥ EGe| F<¢o u& 7+ 54 Hs3l=
A7) $131 EGY] 3FE AR 1~40A<} o] =
Azt

Wb Ale] Alx 4 W T =72 Figure 490149} 7
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Table 1. Compositions of the NBR/GTR Compounds

item composition (wt. ratio)
(unit) R FR
specimen™ | (VBRIGTR) PR T, Bk A Othes

1 100/0 1/1.95 0 195 20 45
2 " 1/2.05 10 " " "
3 " 1/2.15 20 " ” "
4 " 1/2.25 30 " " "
5 80/20 1/1.95 0 " " 50
6 " 1/2.05 10 " " "
7 " 1/2.15 20 " " "
8 " 1/2.25 30 " " "

FR : Flame Retardants (a: expandable graphite, b: dluminium trihydrate &
others), B-a& A: Blowing agent & Activator, Others: Crosdinking agent
& Activators.

Flame Retardants '
Blowing agent

- Expandable NBR/GTR Crosslinking agent
graphite Others
— ATH & Others
Compounding
115 °C, 20 min, 50 rpm (1st) /
65 °C, 5 min, 50 rpm (2nd)
Analysis

Compression
e Foaming property,

75 °C, 3 min
¢ o Flame retardancy
- L0l
Foaming - Cone—calorimeter
; -TGA
120 170 °C, 30 min )
= ¢ - Smoke density

Cooling & Stabilization

Figure 4. Experimental procedure and process condition of the
NBR/GTR compounds.
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Vierore - Volume (Thickness X Length X Width) of the blends
Vaer - Volume (ThicknessX Length X Width) of the foams
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A8 12 ZFAEE NBRUIES AMgsly, YaAZ &
71A GFAAE AREEE 2409, EGE AMEEE AlE 2~4
ko] mwE 93 Aot} Table 290 YelgiEo] AA
Hkz x710] 120~170 C/30 miny<, ©] w ¥z 7o
3k dosed cellS zty FHAE) FF g on, e wt
FEo] 1020%F 7HE & 5 sk A7MHAY] wAak
gAA o2 oF 1~2 pm YAk 27|12 & EakE o] 9l
< & & 99dh Figure 500 A 3 W HIA] BARS

Table 2. Foaming Properties of NBR/GTR Compounds

(iler_rb foaming
uni -
fogmmg temp. expandability
_ [ time required % surface cell structure
specimen (Clmin) (%)
1 120~170/ 30 1020 smooth  closed cell, uniform
2 ” 1050 " "
3 " 1025 " "
4 " 980 " "
5 " 1010 smooth  closed cell, uniform
6 " 1020 " "
7 , 900 non-smooth sem|-c|losed cell,
uniform
8 " 750 " "

B10° 5.0kV 13.1mm

(b)
Figure 5. SEM microphotographs of the foam (a) and dispersion
of the additives (b) of the NBR/GTR compounds (specimen 1).

416

844 5

St

Polymer (Korea), Vol. 28, No. 5, 2004

vetdiglel ole 7l W xS Fo] & 23}
Ho=H &7 Fe] g o Ao o] o] FojF el
7191 Aoz Algdt k3 DEAE FAsk=d F
2% A= Tl f BESES £ 5 S, olEe
ZhA 5l kAl et ofuzt lel ArbAete]
AEAES 13 ThrE Sl S WA =, 8
EFEA A T2 A 2], ExE 5) 2 =24 5 ¥
& VA ek vt W dEsde] 9A

b ESER was] =y Al YE oAs
Tz &S A Ha, Thassr 5
A = kg wobA A 7= s
b 5= oplshA "kt
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A& 139 ARE BEEAS 253l Fgure 62
xH0% A% 39 A 72 3 AVH 248 =4 A
olt}. A& 2, 39 A= 23] He HEEo] A= 19
vlsl 22 71 (5~300)F ESH, ol EEIA
A QR-Eo) EG7) el wE Zo® Almd) A
F 4% AR 100 B8 22 e (@) 2SET), ol
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Figure 6. SEM microphotographs of the foam (a) and dispersion
of the additives (b) of the NBR/GTR compounds (specimen 3).
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AEE £ A0% ARAED prgel e £ £Asigi, A9 98 A s sl e A
£ oumAe) YeRen ohel BAlEe] B3 58 E 4 A0 skl smidosd el 7HAO™, M
ek MEA Foko] FAUSE, E AFTANA Z dAHCE o 2~3 um YA ]2 FakElo] glo

WES] B0} HE4E BEES ST Q¥ ok 10 um 2] oAl Aks EATE G

A% 5= A deAS A58 A5 6-83ke] vl E eieh. Wi WES I 0% the Fasigle
A% Ao®, DPARE NBRI GTRS 313, 771 o, Belge} Joshd 238 & 5 glck A 89
A IAAE AR 4ol BEERE Tale 2, Figwe Al T 8 AP ke & ol AXJ}A ekgkA)
7o gl USiuisle. Tabe 2o) Uieiuistel o) £2 4 AR 7 s, i dde) ke As 72

R

B 140145} Eolsk ME 27 (120~170 C/ 30 min)  ThE astglom, mmab) wal ofzshA Eaks
oAl AAgxr) o)Feojg o) wxg W Al pxo] W & = 9I3ir) (Table 2). 01 T3 AR A gl Re] W
F e FFE = stk %Cﬂzﬂi EGE 10 phr  Z& (D)ol 93¢ F= GTRY A7l ¢ EGY| 3=F
271k AlE 69 A% AR 5 (Figure 7)9} vl 2 = S7IE AuFQl 15 5] 7hAe) vEe] Bl

ol AR FSkAIRE AR Al 72 9 A7 £ B Al wE 749& Alasc) &, g o) A
ARs 7L, AR 1~39] ZASellxet o] iz 4 g Ale] AJApo] o] Fofx|x] Fgkat °l§ Qlgk E9H4
A u EG7} Aol wlel o dxgo] 22 3 A Wo| EGY) e Flol] whE AFel WHE 5
71 (10%)E E 3t o] kel EGE] 6*3*01 07} 7tE F-EAQl skt oo e o] g7l ATt 5
3 = EGE 20, 30 phr #7138 A& 7, 89 ALE= 718 Ao = ALz =t} 350

Figure 8ol Hl®4 o= A& 79] A 72 9l 37HA 1 % o|ZA4 UAAR EGS] I Wslel| e WExEA, =

(e B B B B |

WPR1 15.0kV 12.0mm x500 SE(M) 8/25/03 100um

(b)
Figure 7. SEM microphotographs of the foam (a) and dispersion of the additives (b) of the NBR/GTR compounds (specimen 5).
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EZ2|H, #2879 A|53, 2004 wEae] Ud 54 417



418 Moonetal.

Polymer (Korea), \Vol. 28, No. 5, 2004

Table 3. Cone-calorimeter Data & Limiting Oxygen Index of NBR/GTR Compounds

l::]:) Lo/ AHRR M-HRR THR A-EHC M-EHC TTI  FO M ML R A-COY A-CO,Y
specimen (kwim?) (kWim®) (MIm%) (MIkg) (MIkg) () (9 (@) (@)  (wi%) (kgrkg)  (kglkg)
1 294 98 142 156 184 500 9 141 167 111 335 0107 0084 136
2 296 56 83 73 194 369 74 152 154 101 343 0050 0.068 130
3 300 9 16 41 24 84 -1 - 167 106 366 0.040 0058 025
4 303 8 14 26 22 66 - - 172 108 374 0037 0057 035
5 320 78 103 106 179 467 22 134 162 42 741 0036 005 125
6 334 10 19 45 27 105 170 160 39 753 0032 0054 031
7 313 89 118 163 197 505 131 191 56 705 0055 0073 133
8 310 94 114 176 212 452 26 194 235 7.2 693 0.047 0066 1.38

LOI: limiting oxygen index, A-HRR: average heat release rate, M-HRR: maximum hest release rate, THR: total heet release, A-EHC: average effective heat
of combustion, M-EHC: maximum effective heat of combustion, TTI: time to ignition, FO: flame out, IM: initid mass, ML: mass logt, R: residue, SD:
smoke density (1-optical transmittance), A-COY: average CO yield, A-CO.Y: average CO, yidld.

s, A Tx, BHAE, A7 24 5o HEE &
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Figure 9. Limiting oxygen index vs. EG content of the NBR/
GTR compounds.

< AFg3ka, GAAR EGE ARSI 92 AR 19] LOl
7} 29.40]19]=1, EGE AH&-3 AR 2~4°] H% EGY
3=k Z7)o] w2l LOI (29.6, 30.0, 30.3)7} Z7)sl= o
ARl e &1E 5 AT} o)+ Fgure 2°] EG
WAAAAA & 5 =] o] WAL (310 C) ©]
Abol| A &2 A8k, s83=] o] (intumescent mechanism)
A7) slellA G AkaE At 7]Q1g Ao
2 AlsEn!

A8 5~82 1 FAEE NBRY GTRS A&3F Ao
2 AR 5% EGE ARgelA] ke, A% 6~8& EG
£ 717} 10, 20, 30 phr 3718k A8 59 LOIE 3202
= GTRE] #H7IZ I3 A& 1~49] vls) w2 A (17
~26)% RoF9t} (Table 3, Figure 9). )&= A X ofA
= g3xe] AAAQ GASAAS Ad GTRY| 3|
S7hell w2t Lo7E S7k Ao ® AmsleRi®
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AE 6~89 7% EGE 10 phr H713F A 62 LOIZ}
B4Z AR 5 (3200 Hl3) Zr1stgou), AR 7, 8
EGS] &=Fo]l 37} (20, 30 phndtell wel LOIZF ZHa
(313, 3LO)r= & 4 AU} (Tadle 3, Figure 9). ©]+= 4]
5 69 A§ UxEANA AHstlel vl gk
dosed cdlS 7R A YA ZA EG7} 7o) wa
4718k mke} o] EAx o]AellA] At AA
vle] 7)1& 27191 3} AAE Addto 2 LoV 5
715k Ao ® AlgHh J2y AR 7, 89 A5 mik
EEANA A ulel 2Ee] EGE o] Skl
2} A Ql 7 e Fhaet BAl=e] EIAS
w2 semi-dosed cell& 7Pl o224, & Ao 43 A =7}
F7Hre R ALES]7] stellA AR em dF} Aka
o] frgdo] Bt FejAlef 711k Aew Am

o] x4 EGe| =FHstel whE LOI H3lE FlE &
PPEd, TFAER GTRS E3shA] g2 H$ dad
A2 EGZF A7IEo 2 Lo} Aes, & EGY ¥
o] ST ZN EAx o|4ol|A sl A7) 4k
298] FdE 2dsle] o o)ike] Ax AdS WEge
24 LOIZE Asdts & 5 Y8tk 278 R NBRY}
GTRS AME-3 9= GTRE ARE3HA] 9k 7% ]
3 GTR] AAA Q] FAEA = 18| LOZ| B} A%
e ok 4= 919l Al 27} dosed cdl 2 k% (EG 10
phn 3t 3% EGS] 712 ols) Lo A3l oy, EG
2] el 71 (20, 30 phn)ell whet A 27} semi-do-
sd cdl& 7He =2y, & Aol 93] Axr) Adide=
F7Fto 2 ALES]7] stellA] A} Ak frdo] B
ot H99A4 LOZF ZHagks oF 4= Slsich webA] Lol
o] EEA, 53] A Fx7} v|x & 9] F&

13 4 9gleh

il

i)

[} [e)

w, o] =3k Ztzke] AREEHFE WEEAS 183}
I LOIFe] A W ddAS
Figures10~19)] Z3&5 Hepigit

A5 1~4% Table 3¢ Yehdl vie} o] 15252
NBRYFS A3+ 2402 Ol 2447k} 7+ 334
= HolFoledl, EGE IrohA ¢ AR 19 A-HRR
o] 98 kW/m? THRe®] 156 MJIm?, TTI7} 9's, FO°| 134 s,
Ro] 335 %, A-COY 7} 0.0840 kg/kg, A-CO,Y 7} 1.36 kg/kg
o]gl e, Figure 15914 2.3l v}e} o] char formation©]
e ghs Feld 4 9l

EGS] 322 10, 20, 30 phr 33 A8 2 3, 4=

Z2|H, A)28¢ #|5%, 2004
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Table 30l Lpeljsiso] EGe] gefe] S7htel el W
A=Al 71k, 27 A-HRRe] 56, 9, 8 kw/m?
(Figure 10(8)), THR®] 7.3, 4.1, 26 MIm?* (Figure 11(a))=
P23k nbm o) 53] 343, 3656, 37.4%% 718k
G 20, 30 phr& et A v T GAS
= AT 5 A3lEk o= AR vl 2ol
7} dosed cdl2 FAFE W, EGY] 3% SUI=
(310 C) ol4kollA BAslel shaeate] 7]
7} Abag Aggte] nel &nHo)gly) wEe
o} (Figure 2, 3). =3+ F7]A] A be] A5
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Faol o3t And char AS B 27449 Aol
S33te)| 7)elgr Ao 7 A7 =t} (Figure 16). E
AS EALE oA AR ol ddanE ¥
9 sl B, BRAGeIA B9 chas A
SHA] Faht 714 ddA|e} egete] ARggho w4
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Figure 10. Heat release rate of the NBR/GTR compounds
(specimen 1~8).
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Figure 11. Total heat release of the NBR/GTR compounds
(specimen 1~ 8).

F71A GFAAe] char FA5Eo] A= 3k
HAEAS B9l Ze® AlEHrh

Figure 124 & = 3l=°] EGE
1 (0.084 kgkg)ell ¥|3l EGE i3+ A= 2 3, 47} 2+
0.068, 0058, 0057 kgkge & ALt o= A& 29 7
5 EGO WA A £ AT BAIAE 34AF
I A7 A EAE AW 5714 daAeke] s
Z-gof] 25 A-CO,Y (A& 1, 2: 1.36, 1.30 kgkg)e} tl&
o] 7448k ZoR BAAS AR 3 4°] -9+ Fgure
12(g)°f] B3l upe} o] AA|7ke] A3l#AellA A-COY
7} o= Ax Al oy AR e das
Aoz Q3 #sp) =A] ekgoEn 233 AR 1 B
o} 74 Zez AlgEt} (Tdle 3). ol¢t H& s}
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Figure 12. CO yield of the NBR/GTR compounds (speci-
men 1~ 8).

=20l AAIBHA] AR AR 49] char formation
A8 37 SARETh ol 2EAER NBR ©HE A
4 % 712 dAR 1A GdA AR Al 30 phr H4
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= = I N S
A8 5~89 A9 1FARE NBRY GTRS AME-3
AoZ A 5= EGE H7lslA] okekom, A2 6,7, 8
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A A o] =3k LOI +4 A} FARIEY, EGE
phr g8k A5 62] 7-$- Table 3, Figure 10(b), 11(b)°|
B 3 9l5o] EGE 3314 92 A& 5 (A-HRR 78
KW/, THR 10.6 MJIn?, A-EHC 2.7 MJkg)ell ®]3l A-HRR
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Figure 13. CO production rate of the NBR/GTR compounds
(specimen 1~8).

A& == 33 (Fgure 12(b)). ©] =3 A7]%F Pﬂ
heet flux 50 KW/ (2F 800 C)3lell ] 3t A E
I tEe] 7714 dAAe] char A= 3 2*% ol A
o] PR Aol P L LA,] 59
o] oJ#HA 23}t HA| dEel W A Ates
o]¢} Feste] Fgure 13(b)oll A7kl Uﬂ»,: COPE, Flgure
14b)ell COPE =8I, 22 AT RT3k
Figure 17, 18]l 27} A& 5, 6] char formations eI Q]
=4, A& 69 char formationo] At g o= ks, =
A& 52 A3 &I 7R Alelell BAAE ?%'EH«]
e (A s B3l wkHe| AR 69 73
%11"% FHe| Zeprlo] 2 i FAH chavt Axgt
= 7 Uk AR 7, 82 237 EGY| el 57t
2 77} A-HRRe] 89, 94 kW/n=, THRe] 16.3, 17.6
MIkgC =, A-EHC”} 19.7, 21.2 MJkgo =

3 ACOY 3l A-COYE Z7bhe #9% 4 99ie

m?‘i o ¢l

=
=7138F8 w
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Figure 14. CO, production rate of the NBR/GTR compounds
(specimen 1~ 8).

(Teble 3, Figure 10(b) ~14(b)). ©]= LEEA FAlol|A A
ekl =e] GTRe AR 4 EGY| ¥ S7le &dl=
o B} By} Apito e g 34 W Ao o
A A=t Skl A7l A o v G Akavt Bt 4
Al el = EG ¢ 77 121] A o] el
o A7 )& A &k Fhael] 7]91Eh
2=} A8 737 82 A-COYES AHE w|ws
8°] 75 A& 7RY FFAsigled], ol 4 d
71 9 B charl AaskA] Xl A<l ¢

AL} of7|Hef W& Zlo 2 Al =t} (Table 3, Figure
12(b), 13(b)). & =mollis AAIBEA] WSAIeE Als 7, 89
char formation2 A& 5X.t} £x] ¢t} Figure 14(b)ell
Azl wE COPE =A8HGI=T, o|¢f w&ste] Table
3 Yefj$ie] A-COY= A-COY 2| Zhael whe} Ad)
Z o7 A& 8 (138 kgkg)o] A& 7 (133 kgkg)2t} 7}
& FlE 4 9ok
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o] Az Akgel o3 G5 A 9 TS
Zoled v A4 4E, & W2 HRR, THR, EHCE 7}
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A3l l%XHJJi GTRE X33t 45 EGS] 3] 20
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Figure 15. Char formation of the NBR/GTR compounds (speci-

men 1).

Figure 16. Char formation of the NBR/GTR compounds (speci-

men 3).
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gk dAFA aael A7 3]A/9A] mate] A st
= o]:y]f,s}g;.ai HRR, THR, EHC Z7}9} tj&o] 7}xmt
AJZF (A-COY, A-CO,Y) T3t F7hshs oF & gich
A7HE FA. 7 SAALES o&sle] i
A2 EGY] gFHstel] whE A7 (smoke density;
D) HiskE, & —7—7] 4 B3 100%E 7]Eo R A4 A
A7 W W FEe] R I SAske
W, 54 7k loptica transmittance® YEU It} o]
= &8l ZZEvY #4004 2] A-COY &} B]a skt
shelek. & G #Hslel] whE Ao Hils x4}
3ttt 2 A¥= Table 3, Figure 2091 YelW it}
Figure 2001 X.qlue} 3ro] iﬂiﬂ“]‘ﬂ A ol 42
A-COYS} e AAS RAES, 5 A-COY 7ol
w2} A7|dert 3k 1 5 sl (Table 3).
WEEA 0] AR ) (AR 1~6) EGY| 3 S7tel o
2} A7 Tt Hagks o 5 Aok ol AR

&

Figure 17. Char formation of the NBR/GTR compounds (speci-
men 5).

Figure 18. Char format| on of the NBR/GTR oompounds (speci-
men 6).
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o] EGS| I WAYF, & A= (310 C) o]AtellA
WAt E5 st WATIAE AT, Lo
e 49 I3 AARE AAghe A 235} o]FofA]
Al Zghel] 71918 A7 H ozl

Table 30] YERA ufe} o] F-AEE NBRY GTR
ARg-slar, EG] gheke] 7+zt 20, 30 phral A% 7, 8
A5 A7 HEr) 2318 ST o 5 ik o=
o] Eayso R olg whxEAJe] oF3slA X3t
AT} T Ex EG 2 714
o] 33k A7k 31X/ A] aite] AslE of
o] Zt} (Figure 20).
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Figure 19. Average heat release rate vs. limiting oxygen index of
the NBR/GTR compounds.
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Figure 20. Smoke density (1-optica transmittance) vs. average
COyield of the NBR/GTR compounds.
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Al A& TGAE o]&3te Eallex, a2l A
= ar 971 stellA S35 e, o|F 47I% Lal,
ZZzvE 4 Aol A4E vlas
219 1 ARES ek
IFAFEE NBREINS A3 A& 2~49] 7% Table
4, Figure 21(@°4 & = o] A% 190 H]s) EG] A
742 Q3] Z7|EeE (20~25 C) ¥ HuEslex
(32~39 C)9] "W 57 B3, 2% (775 C)
o oAz FasAE Z7HEE gld 5 i3tk o
74713 ne} o] WdAARA EG7F AH7bdel wet
45 (310 C)oldollA BAste 43} AaE A
o, =3 ZZEIv|E LA BFRe] FIIA ¢
AR eke] Az algel o3 A3 char P F3N
A2 Q) A g eS| 7]91g Ao R Al
(Figure 2, Figure 16). w2l LOIS} 22 2ju]g £4]
Ao} FARE AEAS, 5 EGO o] kel ut
2t GaA5A o] S T 5 gk AR 2~45
s s 2, EGe o] SRS 27| Rde
= % FHEAA)E S7ked Adgesle=s 3
23E 1 5= 3t} (Table 4, Fgure 21(3)). ©]+= EG
o] IHF5A N v 212 =, Fgure 39] TGA/DTG curvesel]
A °F 300~510 T T3tllA FHEAS & 7 %ol
EGe] o] F7ktell wet A71gh 2x7-7tolA o] A
]l FFEAle] WolAle wE Ao g Bzl
IFAEE NBRY GTRE A3+ A& 5~89 A%
+ Table 4¢]] Yepdl nie} o] A8 1~4 (2788
171~196 C, FHE3&% : 475~514 )<} wlws) A
RojlA uhglzo] AHA] GA5AE AW GTRY| A7}
2 Q8] 27|HEs)ex7} 200~218 C=, HhEs|exr}
518~535 CE 713k 21g = Igiek3® A5 5~8
< A% ¥ wspd, Table 4, Figure 21(b)oll 591 nfe} 2
o] Z7|EHLxE EGE 10 phr A7 A2 60] A

oo ot e

lo,
N

o

Table 4. TGA/DTG Data of NBR/GTR Compounds (in air)

7,2 T, 0 residue ©
(€) (C) (%)

m 475 32
191 514 33
193 509 32
196 507 35
200 535 30
216 531 33
218 524 35
218 518 35

0~ o Ul B~ W N

Anitia weight reduction onset temperature (5.0% weight loss temperature).
DTG maximum pesk. “Weight percent of residue at 775 C.
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5 (EG 0 phr)ell ®]3l <F 16 C Z7}3Fg.e1}, EG 20 phrel
AE 72 A& 60 vEl T 2 St (2 €)
£, EG 30 phral A& 82 A5 79 Bl ©f o]ite] F7}
E BAFA] o5 & ¢ ek U s A
5,6, 7, 85207, & EGY| ko] Z7)34-% 535 531, 524,
518 CE 7tAsl= Ak Eoﬂég}z, g (775 C)
2 30, 33, 35, 35% (A& 5, S-EEEGZOphrH*—‘H
el A &2 F7HE 29, EG
o] 7V RoAFA de= %‘r‘ﬂ‘ T 31‘:14 (Table 4
Figure 21(b)). &= A% 69] ¢ LEEANA 5313
o] GTRS 20 wit% X3Fs}4 %, EG 10 phr ¢ Wi
oAl A& 5 (Figure 7)°} o] EAEA e gt EGE
HZEE A7HAe] ko] ofFsle] w|wA #U3gk closed
cdls 7H3l o 2x, A7]g vie} o] dAA A EGT}
71l w2t 525 o] ielA ‘%ﬂﬁ}@l A7} Aka
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Figure 21. TGA/DTG curves of the NBR/GTR compounds (in
air) (specimen 1~8).
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dAz)eke] Az kgl ofsf dA5Age] F Y skl
AeFE Eoled vl &4
EHCE 7Ml& & 4 A3, A-COY I A-COY = 7

>~
2% 2 5 99

4 A)sol o] ReeE BAoIH) ACOY
ShFARE ARAE 1S FAT S gl TS

o] ¥%3 o, & dosed cdlS 7} W, EG] M7} ¢ 3
=S/ s ArhErt FadE o = sich
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