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Abstract: Nitrile rubber (NBR) composites were prepared using the commercially avaliable rubber com—
pounding process with Cloisite® 10A or carbon black as fillers. When Cloisite® 10A was used as a filler in
the NBR composites, the mechanical properties, oil resistant, and oxygen barrier were better than those for
carbon black composites. In cure characteristics of NBR/clay composites, scorch time and curing time were
reduced. It was found that alkyl ammonium ion inserted in Cloisite® 10A was considered as an accelerator

of vulcanization for NBR composites.
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dl, ol 71E9) 1% BAAEA go] AR3H JREE (carbon
black) 7 4le}7HGsilica) Sl Bl Z& dol#RE £4F 2Pt vhe
ule] 2A1Ue) vlAek QIAEA AL o] Hakdele)r ExjEk o
W 3RE Al vl I87R §ol 848 avist & 4 9l
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31, acrylonitrile —butadiene rubber NBR)-2 -4 Ulfi-d 1
F2A acrylonitrile (ACN) 2] ##e] NBRE] WiiAd Bt 2 A
e ARste 7P F2% AR 0 ACNS o] BesE
Ude] S8k, vehAdo] dPdEl, i, 18, AR,
A} Soigich ek ACNS 3 2EvieRE a7 Ede B
Z3letl A Q71 wiEe] dif-E 7R EE 5o 7 FAE
Highsle] BAE sk gk AN AR 5= 7R E
o] gldo] Fhsh] ot g 9 AR Bl B #AlEe] 9l
+ Zlo] giolct,

ol & o= WLF NBRY #7138 g9 ks
P17 NBRYE=E IS AZsta, Fdsh % Hglel & 72 s
gljo] B vlmgo gy 7j&e] ¥AAIs) 1713 HE) o8t &
/3 HgE lmsiSich
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2. NBRS ACN o] 33%91 JSRAKE N241 2H-E AMg
319, 7wz ARES SHsulfur) 2 Pl (AR Midas 4018
84 Qo] AREBISIET. 18] 3 BAEH (activator) & AH. 01irke
4k3} o} (zince oxide, Zn0) & Wi AM-EFRIIL, 71EEH A
(accelerator) ¥= Flexsys*Fe] tetramethylthiuram disuifide (TMTD)
E ARt gk 88 (ubricant) & B354 stearic acid
(St/a) 2 ARgalglon, Al (filler) B3 FokAA38HE) o] 7R
BY 2 FEF(N-550)8, 22|12 7]k JER v)5¢] Southern
ClayAte] Cloisite® 10AZ AJES A4 glo] AMEsigich

it B lqtel) ARgSE NBRI} S04 BE wiide] 2/dule
r}&¢3} 2k Basey N241 315 100 phré& 715208 St/a 2 phr,
Zn0O 5 phr, sulfur 2.5 phr, TMTD 1 phr, 723 $34= o3
2 v 2 243101 §118kt) FEF1, FEF3, FEF5, 1811
FEF7< base$} $9% Azl FEFE 1, 3, 5, 7 phr 431810,
10A1, 10A3, 10A5, 781 10A7-& Cloisite® 10AZ 732} 1, 3, 5,
7 phr 58120tk 3 L kneader (Kansai roll co.) & ARE3lo] 24
g Ssiglon), £ 3L Table 19 vehigich 14
ol IRk F]15le] Ayslglo, oAbl YEEUH HE F

Table 1. Mixing Conditions of NBR Blend
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Q) FRAe} &8A|, BAE FY8I T Al 3 59l
3j3l o, 7t ERAE 39 Edo] Ed F BAIZTA AlES 87
open rollerel] $%151 roll-mixingdl3ict 1~3 ©A E81-& A7k
o3 Aelsieivl 2ol Blaled roll-mixingS 5% oislgick

M K- 3E9EE Cu—-Ka radiation} curved graphite
crystal monochromator?} #-2¢ Rigaku X—41 S|2¥-47]% o]
falo] ViR X-A 318 ek A9drh 7B Tovoseiki
A rheometer® ARSI A2 H, Fiimooney) Gt A&
ToyoseikiAk2] mooney viscometer® ARS8}k )11, 87
L8} A& ¥ ToyoseikiAle] tensometer® ARMEER] 500+
25 mme] YEEHEE KS M~6518 Wyel ulet Z7dsislond, o
2’32 Toyosekirte] 7jola] =8t AJP7IZ 100 Telld 70413 7}
dsle] Aldeich el Uiid AlEe ASTM No.l oitg AM-
ato] 733} AU BARY] Ut Al 7] (tube aging tester) & AR
3 oH, 7k BT 9E Yanacorlel GTR 31AYNS ARE-8h
o] 150 nm <150 nm X< 2 mm=E A2H sheetd AJHHS A& 50
mm&] Z71E Hadh §, Aol o] 80 TE 52417 & A1gsk]
o, o]y F2je} 7iAE Hed 0183111, 573 7k 05 o)%
S AF T E2E AP 25% ¢ES e 100 Tl 70
ARF 23R 3 SASESI0E AFHE2 KS M 739 olHd 33 A
AL A3lsle] F=FTATE KS M—-65189) Falo] 17e] B4
ZAFEFI.

At H EE

2 drode FHAEA B {715k FEE Al
NBR E3015 Azslclon, AM8st 42k 34| 53¢ Table 2
of ehdigick

HEE o431 Al LB )e] - 57384 AR map}
ARlEle) HEe] Fo] ehals) Rajg vield WheBglAe} n8a) o
H7} 21810 AelAle| e Fo] A% Hejw 41 Vi3t ek

£ A7 Az B3] 5498 911817] 91310 base 4
Al Cloisite® 10AE &3tsle] XRDE #33t A9 Figure 1)
viERggIE), () = base A1) AukE XRDAS] A =0T
W)X 9ke-E o 4 gk 181, ()= Cloisite® 10AS) An& 20
o) ok 4,500 AN S @ 5 Q) o]A3E Cloisite®
10A 9] dgpi=1.92 nm ¢ HodFEw 9ty 72811, ()= Cloisite®
10A7} 1phr 271 Az AE EAWaE @dd 4 gloy,
Cloisite® 10A7} 5 phr oPdelME 20 glol ok 27500014 Hage
oF 4= glrk o2 Cloisite® 10A9] &7HA%7} 1.92 nm¢} Zo}
NBRY] 4]e2 Q18] Cloisite® 10A9] 23+ Azl7} Waiz7) w)

Table 2. Properties of Fillers

Filler

Setting condition Time Temperature Ingredients Property N-550 Cloisite® 10A
1st step 2min - Rubber Particle size 4.2 ym <13 um
Kneader 2nd step 3 min 30 sec - Additives Specific gravity - 1.90
3rd step - 90 C Sulfur lodine adsorption 42 mg/g -
Open roll — - Accelerator Cationic exchange capacity — 125 meq/100g
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Figure 1. XRD diagram of (a) pure NBR; (b) Cloisite® 10A; (¢)
NBR/Cloisite® 10A (1 phr); (d) NBR/Cloisite® 10A (3 phr); (e)
NBR/Cloisite® 10A (5 phr).
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Figure 2. Rheometer cure curves of base NBR and NBR/carbon
black blends at 175 C.
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Figure 3. Rheometer cure curves of base NBR and NBR/Clay
nanocomposites at 175 C.

Table 3. Mooney Viscosity and Scorch Time NBR Nanocom-
posite and Blend at 125 C

Mooney viscosity Scorch time

Base 29.9 25'54"
FER1 29.0 24'16"
FEF3 29.5 23'18"
FEF5 30.5 21'33"
FEF7 31.8 20042"
10A1 27.5 1341”
10A3 28.2 1142
10A5 29.5 11725"
10A7 30.6 1101
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Figure 4. Permanent compression setting of NBR/carbon black
blends after heat aging at 100 C.
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Figure 5. Compresion set at heat aging in NBR/Clay nanocom—
posite at 100 TC.
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Table 4. Change of Tensile Strength and Elongation after Oil
Aging Test(100 C X 70 hrs)

Tensile strength Elongation
(kg/cm?) (%)
Base (before aging) 120 340
Base (after aging) 90 252
FEF1 92 250
FEF3 94 255
FEFS 98 253
FEF7 102 250
10A1 110 277
10A3 115 279
10A5 116 280
10A7 112 275
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Figure 6. Volume change of No.1 oil aged NBR/FEF blends and
NBR/Clay nanocomposites for 72 times at 100 C.
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Figure 7. Oxygen permeability of NBR/FEF composites.
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Figure 8. Oxygen permeability of NBR/Cloisite® 10A nanocom—
posites.
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