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ABSTRACT

Compared with NR and HNBR compounds, the blend properties of NR/HNBR were studied. The heat,
oil and ozone resistance of NR compounds were improved by blending HNBR, and these effects were more
clearly revealed with elevating temperatures. For the overall stabilities of the compounds, it was resonable
to use the carbon black under the 60phr. In the EV systems, high-saturated NR/HNBR and HNBR compounds

showed similar total crosslink density in comparison with NR compounds. Interaction parameters calculated

by stress-strain method showed widely varied value.
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1. M2 3 A

Fa3h Ed 78 (hydrogenated acrylonitrile bu-
tadiene rubber - HNBR)#} Aol 5(natural rub-
ber : NR)& Hall=9] #4148 1#3te MooneyX
Tt Akt ‘5%3 A-4-shadet,

o NR : %l|o]z]op4t SMR CV 60, ML100T(1+
4) : 60.1, ¥F(g/em®) 1 0.92

o HNBR : Nippon ZeonAt A% Zetpol 2020(L),
ML100C(1+4) : 57.5, ¥l%(g/em®) : 0.96

o F}EE A (F)87] AE(HAF : N330 grade)

o Abslolad : g3t AF

o ZH|o}2AL ! T3S AF

o IPPD(N-isopropyl-N'-phenyl-p-phenylenedia-
mine) . 3. FAE AE
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o TMQ(2, 2, 4-trimethyl-1, 2-dihydroquinoline)
F5 BAE AR

o Paraffin wax . A1AH(F) A%

o TMTD(tetramethyl thiuram disulfide) : %3}
8 AlF

o CBS(N-cyclohexyl-2-benzothiazyl sulfenamide)
- Monsanto ¥

o 3: AR A%

oqdsedal 1 Al AuF AFRIG 17), ¥F
(g/em®) 1,336
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Table 1. Formulations of mixes for carbon black loading

unit - phr

Vi ;Zgred‘ems NR HNBR C/B  Zn0 S/A IPPD P/W TMQ TMTD CBS S

NO 00 - - 5 1 2 2 3 2z 1 05

HO 100 -

NHO 50 50 -

N20 100 —  20(N330)

H20 — 100

NH20 50 50

N40 100 ~  40(N330)

H40 - 100

NH40 50 50

N60 100 —  60(N330)

H60 — 100

NH60 50 50

N80 100 —  80(N330)

H80 - 100

HN80 50 50

Table 2. Mixing procedure for blend masterbatches

A. Masterbatch preparation
Banbury operation conditions :
Speed, 77rpm Ram pressure, 3.0kg/cm?
Temperature, 60C cooling water, 18C
Fill factor, 0.70
Mixing procedure

Time(min)
1. Add NR or HNBR 0.0
2. Add one-half of carbon black and additives 0.5
3. Sweep, add remaining carbon black 15
4. Dump 3.0
5. Cool samples overnight after sheeting off on mill
B. Blending of masterbatches
Banbury operation conditions identical to above
Time(min)
1. Add NR and HNBR masterbatches 0.0
2. Dump 1.5
C. Curative addition on mill(at 60~70C)
Time(min)
1. Set the mill opening at 4mm, 0.0
add NR and HNBR masterbatches
2. Add curatives 0.5
3. Set the mill opening at 2mm, 15
make 3/4 cuts from each side repeatedly
4. Set the mill opening at 5mm, 45

sheet off and cool compound

185



TFBEE o HtE g0

2 34 vlwatdeh. ' Mooney-Revlind Al
Aol 713 ate] 43 $H-HY AL (D
Moz gdslgied, o A4 F(h-1%)/29 'Y
%74}% plot?s}‘x] 3AFAsd g C, Cate

F=2(C,+C, A7) (A —2?) (D

o}7]4 F= 2HATe §¥0]i AT extention
ratioo]™ 181 C;, C,e Agelch. &H Portere
48 sale A4S (D49 A b &AL e
22 o9 rAL A3t (DAY AghE ()44
AHLE AAF o AE Ataksich

A=1+Xe (2
X=1+0.67fd+1.6202® (3)

o]7]4 X& factoro] = e measured strain, <
7t AN FAAY AFEEIH, fv AU
bl AFAOR 6.59 @& Zerhy K
1), 2), @Al wzt 349 7 AJPAY C3te
WA oste] slades) 4 4 glovt AA
el 7}aHA| 4|49 physical entanglement®} chain
end A3 ¥As Folof gt o] BAYL U7
5o e} 2e AdunFe] Ade (5)AF
e Mullin® #AXeE 3gd sladE[2M,
aemd 7F ARSI

C,=pRT < 2M,> ! (4)

C,=[pRT(2M, () +0.78X10°] -
[1-2.3(M, chem’M, "] (5

186

o714 pe 2T HIFolZ, M2 7HA 15
T TRl

el Ae 0.3~0.5g A=Y AgHE A
A e 5 eblh 2R Rl ¥ 3ol
A3t el $AE 7 F, ALl A 12417 Fo
WAste] BiAl7c FYAER AR THE &
sk, SAE AAAZ deelA Alg FEE A
A%, 449 P9 F AT AHEEd
Ve (6)Aezie Aadd.

s

|

(D-FW)p,*

D= A

714 We Ag4e #Hx 5%, De d4F &
A7t AAR A AldA F, %

AR TS, Aje $A(93 Hda

o A7 9k $A9 v Folr], -El-“r“ﬂf?}ﬂr
FHEE Yo} FAH vt Ve FHREH ) 43
WAV, 3o 2 gt Fefof s H], ©] 7 Lo-
renz & Park?) (7)& 84314 e}V, (1-V,)/V.(1
V)8 WAE plot3l FHEA sl 2 A5EE
a%h bats Falshy FHEEHe] FAY A

Voibe 78 5 Sk
Voo(1=V)/V.(1-V.,) =aexp(-z) +b (7

[V 3 gl e 49 4

"’37]] 3l A& Vmw\JJr C,%+& Flory-Rehner?) (8)
of Wiglshd 4ol 447k Aa LA 3k
o] sdejAlc},

- [lﬂ(lm Vro) + Vro+XVr02] =

2C1V2 (le/B - Vr0/2)
RT

(8

714 Ve 4419 &4, RE 714 45, Te
A 2zoleh, vl AsA4AT y3E A du



FHEE o] A8k ©tE NR/HNBREHR =9 EX 7ladxo #3t

e

%L

e At ®)HL2FH (e AEd dx
1% (4)(5) ) Heiste 3434 7tadsg 441

T Sl

729 (N330) o) 4o utE 7 wi(Table
D¢ 7HEA AP A7 Table 3¢l vieblich 2
W gel A FhEEHoe) FAHFe) F7HE4E Mooney
ALE FolAH 232 A7t 9 HAH 718417

Table 3. Curing characteristics of different mixes

G&5e At Jepded, oA 7HEEY Y
o wet vyeigte] sl 45EHR e A
o] 7}slo] dofvhs d4OR AR}, 18]
HNBR#| 9] Mooney 2323 A7tz # A 7}34]
o] A3}7} NR¥E B} =3 7& HNBRS Z¥3
ANE2H o|FARsTt 4 e e ubd NRS
7hat& s 7L wh 1% (faster cure rates rubber)©]7]
WFog Helth, w3 NR/HNBR £dE ujge
FMREME Ao ZAA 9] G4e] A4524E
A3E B FU)

oL ol

OrErﬂ‘LH

Properties® ML Ts Ts2 too Min.Torque Max.Torque Cure Rate®
Mix No. (14+4) (min) (min) (min) (in 1b) (in 1  (in 1b/min)
NO 264 15.3 0.95 1.65 40 20.6 23.71
N20 323 9.90 0.72 1.33 7.1 29.2 36.23
N4O 413 8.17 0.59 112 1.7 36.2 53.77
N60 58.9 7.21 0.59 1.12 10.9 43.5 61.51
N80 84.0 5.63 049 0.97 14.2 51.1 76.88
HO 26.4 27.04 1.28 2.82 4.1 325 18.44
H20 30.5 2242 0.98 2.47 52 37.7 21.81
H40 41.7 19.53 0.92 2.09 6.2 428 31.28
He60 59.6 13.44 0.81 1.94 85 49.0 35.84
H80 83.1 7.27 0.67 1.74 12.1 55.0 40.09
NHO 18.5 16.13 0.92 1.85 45 215 18.28
NH20 26.2 12.64 0.72 161 6.1 25.2 21.46
NH40 38.8 9.57 0.71 1.39 75 30.7 34.12
NH60 59.6 8.32 0.59 1.22 10.9 37.1 4159
NH80 99.9 5.05 049 0.98 16.5 448 57.76
2 Test temperature(Viscometer . 121C, Rheometer : 190T)

P Max. torque—Min. torque
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Table 4. Physical properties of different mixes

100% 300% Tensile  Elongation Tear
. Rebound  Hardness
Mix No. Modulus  Modulus strength at break strength (%) (Shore A)
(kg/cm®)  (kg/em?)  (kg/em®) (%) (kg/cm)

NO 8.88 21.19 199.07 586 46.22 77 39
N20 15.98 68.59 25151 513 58.25 70 51
N40 24.63 107.73 269.87 534 99.67 58 62
N60 44.80 201.09 220.33 338 111.35 44 73
N80 73.76 - 206.26 233 90.06 37 81
HO 10.94 18.38 23757 516 9.37 54 50
H20 17.12 70.31 270.02 472 27.93 50 61
H40 26.92 117.43 279.18 475 70.42 40 72
H60 57.89 230.61 268.73 372 80.84 33 83
H80 99.23 - 260.64 295 7175 26 90
NHO 9.83 16.90 21313 643 33.24 65 45
NH20 15.84 49.05 267.89 604 66.16 52 57
NH40 24.15 77.19 271.94 644 88.55 38 68
NH60 52.44 161.77 223.59 456 89.65 32 81
NH80 81.50 206.55 22449 367 81.07 27 87
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Table 5. Retention of physical properties after 7 days aging at different test temperatures

100 % 300% Tensile Elongation Hardness
Mix. No. Temp. Modulus Modulus strength at break h

() % retained % retained % retained % retained change
NO 70 112 113 91 98 +3
100 128 - 13 42 +5
120 82 - 8 38 ~2
N20 70 113 116 91 92 +2
100 141 160 53 66 +6
120 106 - 17 37 -1
N40 70 110 111 86 87 +3
100 167 158 68 60 +8
120 154 - 29 31 +5
N60 70 129 105 99 91 +3
100 172 - 73 55 +7
120 166 - 38 33 +7
N80 70 123 - 100 88 +0
100 159 - 77 57 +4
120 - - 39 30 +7
HO 70 105 124 21 76 +2
100 114 163 25 73 +2
120 115 142 52 87 +3
H20 70 106 119 71 84 +1
100 128 173 61 73 +3
120 130 176 67 77 +4
H40 70 122 121 93 92 +2
100 165 175 80 67 +4
120 207 - 86 60 +6
H60 70 109 - 90 75 -2
100 144 - 90 63 +1
120 179 - 93 57 +4
H80 70 105 - 94 83 -2
100 149 - 97 60 +0
120 172 — 93 51 +2
NHO 70 104 120 66 88 +2
100 118 - 19 53 +0
120 111 153 24 64 +4
NH20 70 113 118 101 98 +4
100 131 158 77 79 +5
120 137 167 52 69 +5
NH40 70 123 125 100 96 +5
100 163 175 89 73 +8
120 183 203 64 48 +9
NH60 70 104 105 88 80 +0
100 147 - 89 64 +3
120 - 170 — 70 41 +6
NH80. 70 112 - 88 68 +1
100 150 - ! 57 +3
120 167 — 67 31 +5
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Table 6. Ozone resistance of different mixes
No. 1 oil
NO, N20 HO, H20 NHO, NH20 80F o NHO 80
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Fig. 1. Volume swelling in ASTM oil. (NR compou-
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Fig. 2. Volume swelling in ASTM oil. (HNBR com-
pounds)
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Fig. 3. Volume swelling in ASTM oil. (NR/HNBR
compounds)

A OFASAE FAE et a 1 H3e] F2
NRui 3}, E= wi3, HNBR#NG ¢olsich
7RG o] SAege uE 2 EAYAY AP A
+ Table 79 YebWt}, 3714 NRuj g Baker®9)
NRel| that A|@ZAse} Zo] 19 ool Fdo]
A5 el HNBR¥} NR/HNBR £3= wjihe 3
FU A= FFA o] glo] Bz s oA
EAY dxg Fgo] o]fejH&g o] FTh
w2h] A LEHFA pH e £H Q&
AL FHEEE Bobe Fen 9] o] A A4she

8-y SAUHE 53 7l EE gasp]
A3te] 7k A AdAEHE AIRE 10~200%
(extention ratio : 1.1~3.0) H$lell 4 ZAs}e]
(1)1 9] Mooney-Riviin 4122 vehd A3h= Fig.
4~63 2}, 7|4 FHEEH o] Y W (2)
(DAl & 5o} FAAZY AA44E BAAA
yehd Astolch, A8 uFo FAGlo] AAEe) A
ATE A9 YEge gasit o] Fokeke
A%E BojFn 9k oeigk #4H& Mooney-Rev-
lindje] W& AAEA Ho4sE Aojehe HoA

ol EE, P meb B ATdAe SAge] AR



FHR-Ea o] FAekl| ulZ NR/HNBRE# &2

Table 7. Chemical characterization of vulcanizates networks

Mix Elastic constant Interaction Crosslink density
Ci1X10% parameter [2M. 1'% 10° 2IM. hem) X 10°
No. (dynes/cm®) X (g mol/g RH)
NO 0.53 0.563 2.21 0.93
N20 1.16 0.536 442 2.37
N40 1.10 0.506 6.13 4.00
N60 1.37 0.489 8.22 6.08
N80 1.63 0473 10.04 7.97
HO 0.50 0.492 2.03 -
H20 1.34 0.400 4.73 -
H40 1.36 0.314 6.63 -
H60 1.55 0.281 8.59 -
H80 1.99 0.196 10.85 -
NHO 0.55 0.479 2.29 -
NH20 1.18 0.358 5.12 -
NH40 121 0.306 6.47 -
NH60 1.50 0.255 8.54 -
NH80 1.88 0.202 10.78 -
6 6 -
A NO
® N20
A N40
O N60
W N80
51 5
e L[]
2 E
o) x
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= |
mlew / c
o mle
b o : o/ 3
e
2 i 1 ] ] ) ) 1 ] ]
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Fig. 4. Plots of Mooney-Rivlin equation of NR vul-
canizates at different carbon black loading.

Fig. 5. Plots of Mooney-Rivlin equation of NHBR
vulcanizates at different carbon black loa-

ding.
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Fig. 6. Plots of Mooney-Rivlin equation of NR/
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loading.
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