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Abstract : The physico-mechanical properties of NR/BR blend were measured, and the results were interpre-
ted in terms of the crosslink density with cure system. The cure rate, maximum torque and crosslink density
increase with the content and ratio of curative for cure system. Hardness, 300 % tensile modulus, rebound
and wear resistance increase with crosslink density of the vulcanizate but heat build-up and tan & at 60 °C
decrease. It is expected that semi-EV(efficient vulcanization) cure system is appropriate for application in
tire tread of truck/bus in which load bearing property is impotant.
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Z7rdo] AEae dAEAEE Fole Rl
AR 2 sof AA7A dsw] A3
A7t AP ek 2AHEAR A8
elojo]o] 3] A A& (rolling resistance) ol
gml1], 1 FAME =W Y 2@
(tread) 97} oA 229 % 60% ©l
stm[2], HAATE 30% FolW F 5-6% 9
#¥] A7ENE VHHew Ae: ¥49A Jo3].

Walter 5[412 Elo]oj9] 3| AA3g Fol7] 3l
aF Hagre B FAAQ AEEYY
ol tidlel 71&AY AL 8-S FIHAIA
© s AEsAY. 28y g
ZHAIRY SR g e tuEze] F
oh-& 715 A (traction)
7 71AIFH 7} Q7] WEo NF&
238t Wolet & 4= ik, JHaAe) 9% st
A2 v gol uet 7}&A= B E(conventional) 7}
A, EV 7}8HA ¥ semi-EV 7H8A 2 UE & o
[5]. 8% 718 = 31418 SH M= faElshA g
+=3139] reversion A Fo] WolA| 1, EV 7}¥HA=
3 MAE, vty g A2 7pEA o] BeEF A
o2 AAHI Qo). utepA] ¥ F 7}S3 wWHF
AoA AMR-H I e EF /w2 Elolojo Ef:=
oo He3r] gaiMe BE 7tgA e EV 71E
Ao FU58E 724 semi-EV 71#3AE =9srx
#ot4]. Kim Sl6]9 93td AL 350 A&
H+= Elolo] EfzgogE B2F - 7|AF EAH
AT 2 A 2R #EE 53 HFEAo)
TEE ol& IF AEY /o] o @ Aoz #
= Ak, oebA NR(natural rubber)® BR(buta-
diene rubber) % S-SBR(solution polymerized-sty-
rene butadiene rubber)®#eo] 1F EA =7} A
Ao 2 Jelktt).

£ A9 A= NR/BR(natural rubber/butadiene
rubber) EWE] HF 713AY semi-EV 7}3A
AAWANA 7t3A o} 718 27049 ] ©E 7}
wYEE ZAH3A, tudEd E 718 2 Ei)

H - AAR 49 skl tiste] dEstach.
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NR 2 el o]Alobat AALF-2A cic-1, 4-polyiso-
prene o] 98 %°]1L, 100 °C °1A Mooney 4 =7}
60 1b“ in ¢! Z& AME3IATH BRE §354+33}
(F) AEL=Z cis FFol 98 %°1L, 100 °C A
Mooney H%=7} 44 1b - in ©]5], F- )X EE -104
°Ce AL AHEINY. FEEYE g0 F4v}
121 mg/g ©13, ©lB Y xe o] E(dibutylphthalate)
7te] 114 ml/100 gQ1 N 220 & AH&-8tglvh. AR ES
& X3 o]5 ] AT Table 19 Vet ot
vl 3k ASTM D 3182 o] @+2}A] Banbury Mixer(Hita-
chi Co., Type 0)°lA 6 %3t black master batch &
g O3 HEAEA & 2 g FAAE Hobstn
80°C 2] Open Mill oA 587 HF &L AN
A, F=3 JAnFE wjFoldd 70°C 4 Open
Mill A 28A7] AL AME-sH T

Table 1. Formulation of the NR/BR Blend for Va-
rious Cure Systems

Compound No. |1 2 3 4 5 6 7 8 9

Component(Phr)

NR 80 -
BR 20 e
Carbon Black(N220) |50 -
Zinc Oxide 3 -
Stearic Acid 2 -
Antidegradant® 2 -
Aromatic Qil® 3 -
Accelerator® 051015051015051015
Sulfur 10 1.0 1.0 15 15 1.5 2.0 2.0 2.0

* N-(1, 3-dimethylbutyl) N’-phenylenediamine
" Aromatic Type ASTM 102
¢ 2-(morpholinothio) benzothiazol

2.2, 7tmE=x

Age FAZE % 2mm ZES A4 Eo s FY3
A e} oF 05g% FFT F A0 20mi o
& 713 24 A7 X8k Soxhlet FE 7 oA
ol ELR AT B¢ F2H F AZdY AHEE
At} o] ARE +0.1mg 7HA HEFs vpAvt 2
50 ml 9] FE@e] ¥ Ae]EF2H4t 15ml & 71§
3 AeoM 24 AIZE BAF. Al ZHAAY] Y
AlolZ 284 Fohsl +0.1mg 7 HHjch,
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MR EE BRFAEF LR 9SS 7Y
&% 22 Flory-Rehner 21[7]& ©] &3} A4rst
At

1 —[In(1= Vi) + Vit p Vil
M 0 Vo(Vio— Vio/2)

A Aol V, & Baguel & REdolx, V, &
PWEAIEF nFTo] R E, pE 1T UE,
pE 59 B fuljrtole] Fo AL Aot B
AFo A o] & ¥ Ato]FzZ &2t & NR 3 BR 9
3324 Ase 27 0389, 0385 5 ARt 8],
35t st Age] $EE YCMoZE Foduz 9
2le o] ko g AAstYrt.

2. 3. 784N 9 22|18 - 7|AIY EA

ugE JHRENS X3S 1R Ade=e s
E4& Torque Rheometer(Monsanto 100 S)E ©]-&
ated 145 °C oA 2AEE . JAZAI A7 E o] &3t
ASTM D 412-75 o] w2t 1254 & 2481 53
&2 Rheovibron(Toyo Baldwin DDV-NI)& ]
£3}a] 11 Hz 9l Al strain amplitude 1.25 % & 710 A
3°C/min 9 71E&EE $2A7|HA 3R
"2 E4 .8 Pico Type P2 A @718 o] &3t ASTM
D2228 WHo g AW FARLE SH3YY. vt
A2 Goodyear A2} Healey Rebound Tester
o] g3t EFAstPon, BAEAL Goodrich A2
Flexometer & ©]8&3l9 ASTM D623-78 oz
AlHeY] 2x e FAsid.

3. Zn ¢ o

Fig. 191 NR/BR(80/20) B =9 #9 7134 9|
Hg B ARgEFo] T 713A] ApbEz slge) o
oy $9t E2 A9 WstE Yt 713A 9
7t we} Jt& Rt Folsla, Hd EQ Ao
S7HE Role AL 7wl E 9] Frlo) 7|t A
oz Addrh 7M¥E&%(cure rate)E 7HEFA 9
Aol W EQ T 0 3lE Y g 2L Ao
et

Cure rate=
tgo - tz

F43sie A 2B A 43, 1991
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Fig. 1. Torcue versus cure time for NR/BR(80/20)
blend with varous cure systems. The num-
bers on the right indicate compounds.

A HoAA toS ELFAY F7IA9 0% &F
ghed Ale AR, e 2% o Egste At
oltt, & 718349 V177 3 48 g
Tyt wades s ¢ F Qe B AFdAE 7}
A4 4 7135749 Fo] BEFE N¥EEI F
7t At ©] A2 Fig 2 2 Fig. 3 o vtebd 7134 9
H & 2 Ao g 7ladiEe] #slo)a ey

<5 Fig. 1914 Zt A|lg29 HUEQ = WHalel Fig
29 7tRE ol vl£d BFL Hyd. AE 1,
4,7, 8- 713 A g 7HaFEAA) 2] H)-go] 0.6 0
3 BB 718Alolm, 2 3 5, 6, 9 0.7°]4 25
o}3}¢] semi-EV 7F&AI¢H semi-EV 712AE 28
g HgAE tudEst B4 Jebdth =23 e
7HEALA G 7tEA 2 NFEAA Q] o] B
FE 7R Aol FulEHo] 7tnY £t A4 Uebst).
derEd Uehus Eeae wWsle sl8o] Yol
U= B¢ 7t E Rt ksl R EH AT ASdte
Ag Qusiy Ho ELAAA 189 stnd e}
Hod delE vehdoiz 8 5 de]. zu
o714 Frodfiol & Fe A¥ T (bound rubber) &
T SEEAZA 15 A9 slnds &%
e FFHoz AXsr)de A7 U7 "Eo)
@R 7tadxe A2 P42 dvle] shsd
Holt},

Fig. 4 2 Fig. 51 NR/BR Ed =9 7lud o)
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Fig. 2. Crosslink density versus cure system for
NR/BR(80/20) compounds.
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Fig. 3. Crosslink density versus curative content for
NR/BR(80/20) compounds.
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Fig. 4. Hardeness versus crosslink density for NR
/BR(80/20) compounds.
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Fig. 5. 300 % modulus versus crosslink density for
NR/BR(80/20) compounds.

[10].
G=RTV(1+2/v%
9] oA R& ANAZFeIH, TE =L,
VE 1lem Wol EAste 28729 7Mu2%dY F
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Fig. 6. Elongation versus crosslink density for NR

/BR(80/20) compounds.

°IP1, v = strain o] th. §] Nl ol 5T 5 9l vpe}
@ol, Fig 59l4€ 7tndss] Z7to ma} mge
29 A4 2717t A 2H A0 $48 Fig. 6 o YERY
vt 2ol Vtadzel Fzbol wa Nge) 7zt
BEHE Qe tu A 3ol BE 0% Puexs

A £2909) Adol Ax) B2 oe Bod

Fig. 7 % Fig. 8ot 7ladso] 02 vy 9

L5249 dss Jeuglt. Hugse] 2t e
FEE BRI WMEEA L ZI5 BAsAY. o
A 7MAET} 2855 gAY FHRRS S e
Sdto] AAA H1, sude) se AaHE”
TEE AN AEWUF J§ Be o}
o] ZAsy] wiEolgtn Azten, W uutg
A dubxor whlae BA7} Qoo Wl

o
ool wel Fig 8 3 go] whargge o] o) 3} A
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TEZL LT B4 B nxE 98 u3
A3 FYE 7Y o) A& monosulfide b A =3
He B9 4d% 2 tan 59 2712 RS Sl
Sttt B Aol stmTze] wsho) QA=
TESA FRAA LD} 05 A7 3 5 7S
HliLste] B AlR 5, 7% 20] monosulfide 7 &

s
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Fig. 7. Heat build-up versus crosslink density for

NR/BR(80/20) compounds.
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Fig. 8. Rebound versus crosslink density for NR/BR
(80/20) compounds.
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Fig. 9. Tan & at 60 °C versus crosslink density for
NR/BR(80/20) compounds.
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Fig. 10. Wear loss versus crosslink density for NR
/BR(80/20) compounds.

Elth Fig. 9ol 7t ol w 60 °C o] 4 9] tan
8 9] W3tE Yeh AT Nordsiek[ 1217} 2] 4 & upo}
€°] 60°C 9 tan & &S Erolojo] Mol TE

HeEel A WYY HET B £ A B4

olth. Ztagxe] Frte] wet 60 °C o149 tan §
%ol A2E ot AE AWULY 27k g
V4ol 27 AUAE Zmehe BAo) Baa]
WEQl Ao 2 & ok B Andse Sk
AAY Zdol = RS Ago] Yol Ago
cutting 2 chipping A3A¢] Helxmz HAS s}
AYEE AT 7HRA] 24 o] Yasitin Bof. Fig
109 7t d o] ©g vpR&A9) iyt g3 e
22 Rodger[ 1317} A8 & vto} o] 15 g E9)
ZHA %7t S7hgel @E whEAlSe] Zhado)] 719
e AoZ E F Qith

4. 8 £

NR/BR Ed=9] 718 AINA 718tAe] vlg 2 &
Fol S7teel Wl 7t EE 9 A Ee I FhE
Bgon, A B39 Walet 7t Alge slwd
=7t H5d AES Btk NtnRxe] Frle) uat
BE, 300% BEH 2 2 vhiebge 2718 B},
tndee F7t2 3R Bale &3 Ago] A
217] WEol A&e A4S Holm, wkEASLY 7
22 ot 542 FAEY. Stndze] Zrd
et gigde] FUhstal uUAE axsle AL 7
A:8}7] wjio] g7 60 °C 9] tan § £ #F43IH
B AT B2A - 7143 EA W8 E slugs
grol el 7kt ze] Wl s #Rgtoz
¥ o] AU nFo] o]Fojd Holr},

AN

Lol 2

2 dTE (P8 A7 AQd 2Jate 43
g9om, oo =gy,

gdnEH

1. L. Y. Chang and J. S. Shackleton, Elastomer, 115,
18(1983).

2. F. Fujumaki et al, Proceeding of IRC(Kyoyo),
Oct., 1985.

3. Tire Modern Dealer, 67(9), 1988.

4. L. A. Walker and M. A. Fath, J. Elastomers and
Plastics, 12, (April, 1980).

J. of Korean Ind. & Eng. Chemistry, Vol. 2, No. 4, 12, 1991.



362 HLG - ol -

5. M. Porter, NR Technology, 4, 76(1973).

6. Y. S. Kim, D. S. Lee, Y.S. Kim, B. C. Lee, S. C.
Oh and C. W. Nah, Polymer(Korea), 14(4), 346
(1990).

7. P. J. Flory and J. Rehner, J. Chem. Phys., 11, 512
(1943).

8. D. Honiball and W. J. Mcgill, J Polym. Sci., 26,
1529(1988).

9. R FY3I, uFAYY, 220(1978).

10. L. E. Nielson, in “Mechanical Properties of Poly-
mer and Composites”, Vol. 1, Marcel Dekker Inc.,

ZUEe, A2A A4 35, 1991

11.

12.

13.

New York, 1974.

E. H. Tan and S. Wolff, Presented at a meeting
of the Rubber Division of ACS, Montreal, Quebec,
May, 1987.

K. H. Nordsiek, Kautschuk Gummi Kunstoff, 38,
178(1985).

E. R. Rodger, in “Development in Rubber Tech-
nology”, Edited by A. Whelan and K. S. Lee, Vol.
1, Chap. 3, Applied Science Publishers Ltd., Lon-
don, 1985.



