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HA5HE A9 oY, Ee] NBR/NR &7 NBRY 33t H3¥& NBR/SBR &%
a5} Hlwsl ATE APt & 7 BHozE 71&F 234 NBRIA & 17
Zo] MY o, AATH AFPo] $+8 B nFEEE = Aotk T-Peel Test Zujo) ul=
W, NBR# 37t ol oM W& w2 FAE g A7 SBRo] NRET 3¢ HAHE B
th. NBR Egu¥-¢] 39+ NBR/SBR E#1%7} NBR#Ae] F3b H3 glojq NBR/NR &
#uTEY 2 HAYE Yehdr. 53], NBRE& 40% ¥+ NBR/SBR £¢x1%7} NBR =
ool 27t HA Mg ST B 173 YE ¢ 5 AV

ABSTRACT: Interfacial failure between NBR and other reinforced rubber strip easily occurred
under stress and vibration for long time, as the poor compatibility of NBR with other different
rubber results in a low peel adhesion force. In this paper, adhesion properties of NBR and
other different rubber strip such as NR, SBR, BR and EPDM were studied. Also, peel
adhesion force of NBR/NR blend with NBR compound was investigated to compare with that
of NBR/SBR blend. The objectives of this study were to find a proper reinforced rubber strip
having a good resistance of interlayer failure with NBR under harsh condition. T-Peel Test
results showed that peel adhesion force between NBR and SBR was stronger than that of NR
bonding with NBR, even if they had poor peel force. In the case of NBR blends, peel force of
NBR/SBR blend was higher than that of NBR/NR blend with NBR strip. Especially, 40%
NBR content in NBR/SBR blend exhibited very good suit for a reinforcing rubber strip bond-
ing with NBR.

Keywords: NBR blend, rubber compound, adhesion properties, interfacial adhesive layer.

Fajof A22@ A58 1998 9¢ 793



&89 -&34 - BET - Ry

N OB

A58 2 A X ol diE HDrie
o] AT A3 7|ed] =94 wE 1Ee A3
7t APEEA g, 19t ede|y A4} e
o] 43 12 FF7IV FEE o848 FY A5
7t Bdez g FHAY. o] X oo 87
v A= 1xe A4 {94 € g, WY,
W BAde 2te mol X glRle] dAlet HX7t a7
g 1x9 UL R o= 2kl dAd #
P3he Ax] WL olF FHldA HEeAE AA
ok 37| HE FTYL ABE A Fo] EIFsI,
A BdAE Ao HEE F AT =
@ AFRo] SAole A5} 3 ERly Fad o
ui} &4A Aol AMg-she edolut 43 3EE
Ao olF TAE MRI= IR BE 1
Bz ERAE AgFozR olgo] HEA BN
th o)A nER EFA =2A (matrix)E YT
BeEd A aAdo] 4% NBR (acrylonitrile bu-
tadiene rubber, ©o]3} NBRZ §7])& A8l A
o] dutHo|r}!

NBR-& acrylonitrile (0]3} ANo& 7)) ¥
o] B&TE oA AYE, HEAM, 4 ExEH
°] 444 (compatibility) ¥ AAZ=7} FA4Ach?
548 oR #8314 ol8== AN e 15~50%
o]u] NBR9] 9] 43& ANviel AN &
A7t Atk AF74A NBR Aol Wgy 2 o9
Ay, NeE 5 B4 o 4771 AH A
1,>° NBR AAle] A S431R dodAM Wats)
2 UeE, /B (MY 2 EHE Fddan
PVC, EPDM, NR EJ=& o]¢8 d7715° A5
Ao, E3pgo] i F Azt HE B5A4& st
7] 98 7in W e 2Rlde dTE dAEAG
E3) 7lnA g 7lm 34, 844 R/ 9L A
A H3o)2o B IAFAEY &l AFH=
ok HZo= NBRe] Watal 54 5& A
% XNBR (cérboxylic acrylonitrile butadiene
rubber)d] W& B4 2 WEA, WA A7}
AYH7E HFov 71483 AxFHY EXFow
AL3HA = B3t A ARJAYN =go] HA %
3t ojel o] AFEole] Hdz B

794

NBR3# 2} 15-g3te] 370 A3 g #yL |
ml3le @ed] nFEFES 33 Aol&d 448
dFate 2 duso ska Esdoly stmEAd o
T 7= BA= S48 Y4FnA = =Y
o] A&= o} g

2 A7 A AA FHdEa Qe F3
(20 FEZFH AH3= B3 173F) 28 84
€ A7tz &44 sy A%, NBR EdEd
et HAnFu ;T EFES T HF B4
9] Ws#el, NBR/NR3} NBR/SBR Ed= EA49
AolelA 1 drujelg 1A YT tE] Y&
B AL #E%eEN B 73] JAe
3] A oY AYEYE e 7id"E NBR
T EPNE Fed BFHol Uz, AY ERANE
A2 AMRsl edoly BF o|F dol=, 3}
ol AZTF, L {YE Holz T FEL ¥
A71ed &8zt 3t

4 H

#ME Fol. 4¥ql AMR-¥ NBR AN o]
34%< KNB-35L (F3A #2318 Ab)e], NR&
SMRCV (Mardec Co.), SBR-& SBRI1500 (34
313 Ab, EPDM& KEP-350 (F&e°]n A, 2
2|22 BR& BRO1 (H34 3% Al)o] A=At
A 25 FHE-EY FF FolA N330 (7512
ADg LRRA 1009 tidte 50, A= Arsjo}
d (T3 A 5, 2HRIA (HEgR AhHe
1, #3412 DBP (dibutylphthalate, Junsei Chemi-
cal Co)t 8, A AR 2 FIENE
Ale}  octyl-phenol formaldehyde resind} 2,2,4-
trimethyl-1,2-dihydroquinoline€ 2Z}71 10, 1.2&,
7tzA ¢t 2AA 2= 73 (7 A3} TBBS (N-¢#-
butyl benzothiazolesulfenamide, 23 E2XE AHE
2.03} 1.0& ZHEZ 223U

NBRZ} ClE NSFE| HEAHE M= dvtyge
2 17PN gol AM3l= 1% (NR, SBR,
BR, Z22l2 EPDM) %<4 NBR#} Ha E4¢] $4=
T 2FE Fuzr ¥ FFEE T-Peel Test
(ASTM D1876) & 3iem, ol AlHe] &2 25,
4 mme|Z FAlIE 1.2 mmycth HIAFL thsAHy)

Polymer(Koréa) Vol. 22, No. 5, September 1998



NBR E3&3 g nFEHEDY 233 32 5

(Instron Co.&l, Model : 6021) & °] L&k A
50 mm/min £ 2 AA3PAA A B3l

NBR 2l=. & %9 digk NBRS v & 4
#4¢ Bsux FdnTs PYuT (SBR)E
NBR =} 0/100, 20/80, 40/60, 60/40, 80,/20, 100,/0
AN 2 E33 E2lA gAe ¥, IR
ool 27 FA 54 ARG 17 wgEe
3 oz 29 A& Axled, WA 15L
Y& 7l 24 3RS 932 40rpme g 40%
7 ERstn UM FHEEYE Yo g 18 ¥ &
A &} FtuAE A Urx] FF-L dun AN &
3 AZE 4Eo2 1WA E8E vigdldh og 2
=& 160 CE FRANEE 3. 294 e 19
AL old LR WjES 100 T2 fXd Y WH
E3v)e 224, 7taAle} FAY $i 283027 &
3l wiziehed], od whtE] EIEE 100 C
20 rpm two roll millojA] 285 A72sle 2.0
mm FH BRoz JFPoeH AH FEH|E v}
R}

Pull Out Test (MH-Test}& A|BZH|. Algo] A}
29 178 1.27mm 7 2.0mm $AZ F &
o, o] T IFF Aol MF2= 157071 o
A oz AE 4 U=E FHE 7t B=d
Wi, 145 C2 7 3159 90% 7FRAIZIRD 58
6 7tasle A|lHE EH|E . old AM8E d§=
=+ 1890d/2p Nylon-6 = (ZeF AR, Al
¥ uhge ASTM D21389] wsit}.

g 9o g

NBR2} E} D22 7lm 3 & %M. Mooney

viscometer (Monsanto Co., Model 1500)& o]&-3}
o] 125 ColA4 ASTM D1646 oz &% 1
5o Are 3§4E dHdte ¢to= Table 14
Fdsgon, o @9z MU (IMU=0.735 lbf-
in)E JepdY. o] Aol o)sbd NBR 11%-9
E7} 71 wiol HEAdo] M S8 AR WA
0w, SMRCVe} SBR (SBR1500), EPDM
(KEP350)& zjol7} mjuj@ Ho2 vehgr). nat
A} NBRe|] NRe|u SBR& Eg31A =d, ¢4 vl
€2 Az ZelxA 5™ NBR #39 €&

#2iof 229 A53% 1998 9¢

Table 1. Mooney Viscosity of Various Rubber
Compounds at 1256 °C

itern NR NBR BR SBR EPDM

viscosity (MU) 384 234 309 432 412
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Figure 1. Mooney viscosity of the NBR blend com-
pounds at 125 C.

& & AU Fig. 19 vepd vpe} go] NBR 3%
gl 7kl wE ¢ T Fx Jigrie §Y
a2 sy, Axrt 47 ¥ NRa} 335t NBR
E3go] SBRA} 33 HAr} ozt Be gke vg
Wi o] olg FRPY 4 1559 Jtu BHE
Table 2¢] A3ty AW, ojdf rluEs
ODR (Oscillation Disk Rheometer, Monsanto Co.,
Model R-100)& AM-3led ASTM D2084 ¥hHo =
160 CAIA A3 Fig. 26 AAI3] Yebdh

Table 2. Cure Time of Various Rubber Com-
pounds by Oscillation Disk Rheometer at 160 °C

item NR NBR BR SBR EPDM
T nax” 344 399 335 371 447
T,* (min) 2.7 34 5.6 45 31

T4 (min) 34 44 9.3 7.1 84
T’ (min) 55 15.8 15.1 182 239
E.C.(min) 6.1 174 225 20.1 51.7
8 Maximum torque on ODR rheograph. ® Cure time of 2% wvul-
canized. ©Cure time of 40% vulcanized. ¢ Cure time of 90%
vulcanized. ¢ Cure time of equilibrium.
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Figure 2. Cure time of various rubber compounds by
ODR at 160 C.
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Figure 3. Cure time of the NBR blend compounds by
ODR at 160 C.
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Table 3. Cure Time of Various NBR/NR Blend
Compounds by Oscillation Disk Rheometer at 160 °C

item NBR/NR
100/0 80/20 60/40 40/60 20/80 0/100
T ax 399 384 375 371 IHB5 344
T,(min) 34 34 33 32 31 27
Ty (min) 44 39 36 35 34 34
To(min) 158 120 9.7 71 622 55
EC. (min) 174 169 158 9.3 78 6.1

Table 4. Cure Time of Various NBR/SBR Blend
Compounds by Oscillation Disk Rheometer at 160 °C

item NBR/SBR
100/0 80/20 60/40 40/60 20/80 0/100
T nax 399 396 386 381 315 371
Ty(min) 34 34 38 40 43 45
Ty(min) 44 48 5.4 59 6.8 7.1
Te(min} 158 158 163 168 171 182
EC. (min) 174 171 174 179 187 20l

A%h= whdd], Ty NBR A7isd] wzl 21 3
FE AL HAFEL. ol2H EPRF] sluE
e ERE 77 159 stagAe]l 43 2350
Uehde ¢ & AUtk ol dig A FEE
Table 33} Table 4¢] AElsld FHEHA).

NBRzZ} E} 112 3! NBR/NR (SBR) ®alls 18
o /8 MAE. dYY FHY JlnnRd dE =2
E& 2 (modulus, 100% A3l 2P 29, o]
3l REY 22 BH) & Fig. 494 vlzsig e,
7] EPDMo] 718 %& #& vehii, NBR,
BR, SBR, NR &2z @A vedt 105 C 371
QEANA 24A7HFQ E3E Fols BE FA
2EH2U} F71Ehg Hdaie 37 s AA
ZF7VE I, JHx) S LFELS A Y FEL
2 713k A¢ R4EH. Fig. 594+ NBR &
d= 159 mE# 27 NBR A8 wie} Wi
v %8 H4F=dl, NBR %] Z7131d NRH
EYHE 279 2EH2E 22 A7t &9 &
Uelle 2EAo2 371315, SBR%A ERHE 1
FAAE 22 Agrt o] e 2 23 B2 F
714e R4Eg. BAo] ¥& NRA s 4%
de ¥ 2EHAE vehiy wu|EA NR4
o8 A7} =& yvhAd SBRI} EEE FedlA
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Figure 4. Modulus of various rubber compounds at
100% extension (aging condition : 105 C air oven, for
24 hrs).
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Figure 5. Modulus of the NBR blend compounds at
100% extension.
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Table 5. Physical Properties of Various Rubber
Compounds Cured with Optimum Cure Time at
160 °C (initial/aged”)
item NR NBR BR SBR  EPDM
hardness 53/60  70/76  63/73  62/69  TYTT
modulus (MPa)®  1.67/246 362/5.34 258/468 203/374 473/6.78
tensile strength ~ 232/196 21.9/230 209/206 227/218 199/221
{MPa)
clongation (%) 631/494 495/414 514/377 627/540 285/253

/ Aged in 105 °C air oven. £ Modulus at 100% extension. # Elon-
gation at break.

Table 6. Physical Properties of Various NBR/NR
Blend Compounds Cured with Optimum Cure Time
at 160 °C

item NBR/NR
100/0 80/20 60/40 40/60 20/80 0/100
hardness 7 6 63 61 5 83

modulus (MPa) 362 267 243 231 213 167
tensile strength (MPa) 219 204 197 214 228 232
elongation (%) 495 520 575 616 627 631

Table 7. Physical Properties of Various NBR/
SBR Blend Compounds Cured with Optimum Cure
Time at 160 °C

item NBR/SBR
100/0 80/20 60/40 40/60 20/80 0/100
hardness 0 70 65 68 66 62

modulus (MPa) 362 349 33 314 236 203
tensile strength (MPa) 219 200 201 204 217 227
elongation (%) 495 512 521 555 617 627

NR, SBR, BR <]t EPDM3 NBRe|AE %=
st glo] 2318 bk 2ae vs. o
AL We, WA 54014 EPDM3} NBRo| $4
Sthe Re A8 FYsk: Zeldz ¥ 4 Atk
Table 63} Table 72 NBR E#dx= 1%2] NBR %
o we @y Ydse 2He FE Rolo. of
2] ojale NR%} E39 2% NBRo| 60% ¢
o, SBR3 &3 A9l NBRo| 80%d o 3}
o) #% g&& JEMdT. %, NR# &38 NBR £9
= 1R NBRE o] 60% Y o 714 BA=Hol
ymn, SBR3} E4¥ %9 NBR %] 80% Y 7
gd=qo) $X 48¢ Jul¥na ¢ & Ak 2
21 %2 9o g NR, SBRo| $+3x,
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Figure 6. Adhesion force between NR (or NBR) and
different rubber strip from T-Peel Test (T-Peel-NR:
Peel adhesion force between NR and different rubber
strip, T-Peel-NBR : Peel adhesion force between NBR
and different rubber strip).
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£ ¢ F Uga .
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i, NBR/SBR &z L7 £& H3EE B
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Falthe Ag Az AU F U
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Figure 7. SEM photographs of various interfacial rub-
ber surfaces after T-Peel Test between NBR and dif-
ferent rubber ( x 3000).
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Figure 8. Adhesion force between NR and NBR
blend rubber strip with respect to the NBR content
(B-Peel-NR : Peel adhesion force between NR and
NBR/NR blend rubber strip, B-Peel-SBR: Peel
adhesion force between NR and NBR/SBR blend rub-
ber strip).
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PULLOUT FORCE (Kg,)

Figure 9. Pull out force between N-6 cord (1890d/
2p) and different rubber compound from Pull Out Test
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(aging condition : 85 C R.H. 85%).
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A RE ¥R 277 F 235 U3, BR (o))
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(d) SBR
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Figure 10. Photographs of cord surfaces after Pull
Out Test between N-6 cord (1890d/2p) and different
rubber by Compact Micro Vision System ( x 40).
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Figure 11. Pull out force between N-6 cord(1890d/
2p) and NBR blend rubber compound with respect to
the NBR content from Pull Out Test (B-Pullout-NR :
Pull out force between N-6 cord and NBR/NR blend
rubber, B-Pullout-SBR: Pull out force between N-6
cord and NBR/SBR blend rubber).
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