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ABSTRACT

The purpose of this study is to get comparitive results on the combined accelerator systems com-
prised of MBT, MBTS, DPG and CBS with TMTD, TMTM and Zn-MDC to SBR compound.

Vulcanization characterstics and physical properties of the combined accelerators have been stu-
died by means of the Mooney viscometer, the Monsanto disc rheometer, tensile testing machine,
aging chamber and so on.

According to the test results, DPG, MBT and Zn-MDC system have show faster Mooney scorch
time and optimum cure time than other systems.

The Vulcanizate comprise of DPG, MBT and TMTD accelerator system has taken adventage of

tensile strength, elongation, 100% modulus, resilience, compresion set.
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1) SBR (Styrene Butadiene Rubber)

EESRIL TG, KOSYN # 1502, F-o UkEE ¢
48ML 1+4 (100°C), H.E : 093

2) HAF (High Abrasion Furnace Black)

Y| 2SI RE, 1Y 2376/, pH: T
~9, DBP@&ifE : 102cd /1004, MEHE :0.75 %
48 15%PTF

3) E&{tEESR (Zinc oxide)

LR G, MR, T KFAE:05~10
u, LE: 55, pH:8.8, & : 3Bml/gr

4) # (Sulfur)

IFA 1 HE, BE~KEG BR, BE:2~2.1, XK
5 0.2 BT

5) AB|oL2E

R¥ubRe B, HE: 0.84, 5=4
4 0.5% UT, fE : 193 ~ 203

6) MME{2EH MBTS ( Dibenzothiazyl disulfide)

56 ~ 60 °C, 7

KAFRBS (HX), NOCCELER— DM, M.W:
332.49, m&A : 1T0°CULE, K43 : 0.3BUT, K&
:0.3%UTF

7) mERE#EH CBS (N-—-cyclohexyl —2 — benzo-
thiazol sulfenamide)

AAFENS (BEX), NOCCELER -CZ ,M.W:
264.41, =4 : U4CPE, K9 0.3F%BLTF, K&
: 0.5 BUTF.

8) mE{EEE MBT ( 2 — Mercaptobenzothizole)

kﬁﬁﬁﬁlﬁl(ﬂji), NOCCELER —M, M.W:167.

, FEA  1T3CRL, K5 : 0. 3BUUTF, Ka:
0.3 %LLF.
9) mE{E#£#H DPG (Diphenyl guanidine)
Noft8g&i (BA), ACCEL —D, M.W :211.27,
: 14°CRE, K5 : 0.5 %LLF, K4 :0.3%
P

10) mE(E## TMTD (Tetramethyl thiuram
disulfide)

ARFREE (B4), NOCCELER —TT, M.W :
240.43, 54 ¢ 140°CRLE, K5 : 0.3 BUUT, K5



SBR O INE{EER SRR A mEegn £

0.3%UTF.

11) /nE{2&E® TMTM (Tetramethyl thiuram
monosulfide)

RKAHBEBF (BAX), NOCCELER-TS, M. W:

208.37, =4 : 103 CUE, Koy : 0.3%LTF, XK
2 0.3%BUT.

12) nE(E#E#H Zn—MDC (Zinc dimethyl dith-
iocarbamate)

KRAFRMNS (HX), NOCCELER —PZ, M.W:
305.80, =4 : 245°CUE, K53 : 30%LE, A%

: 0.3%BUTF.

13) &4tB5 k& PBN (Phenyl —f§ —naphthylam-
ine)

Bayer 85 (78%), Antioxidant PBN,
219.29, 5+=4: 106°CRLL, HWE: 1.2

2. W
1) 288 : 203.2m X 406.4m (87 X 67)
2) T2 u¥EEEr, Toyoseiki % (B A)
3) @l 29 E : Monsanto it (Z£E), Model 100
4) BUREMME - B ELE, 300ks
5) EEREET : shore A, Tectock Mt (HZA)

M.W:

3. RuA*

D B&E

X B BHT 2F&E4L oh& Table 1. 3 2
o

2) B 9 mE

BHES A& 203.2m, ol 406.4mm, 3 AY] 1 :
1209 o2& 28elE sty & 242 4.0m, =
€8 258 65+ 5°CE &9 nT& =geld o}
59 AE chg Frol 2B, Atslold, B AR cl2E
3 BB IEEE do] BEsgch o) BALTE 1k
4 SRSt 7)o MEEEBS A3 BEastAct

Y EA4LFE T/ SmifoZ Hold 240 #
BAI B 2304 AztE RiEstL mEsta.

nE-S 150 Col BEMEAR Za AcA 1248 m
EAA Aoz HRAsAc

3) Bere
(1) EERR
KS M 6518 %2 (i 2.5 MIBHABRAE) o 6. EE
HEoll whel A=) 4 (shore A) BEEHZ RiEstA )

Table 1. Recipe of SBR compound

Recipe No.| Acgelerators phr Recipe No. Accelerators phr

1 MBT 15 17 Zn—MDC + MBT 0.5+ 1.0

2 MBTS 15 18 Zn - MDC + MBTS 0.5+ 1.0

3 DPG 15 19 Zn - MDC + DPG 0.5+ 1.0

4 CBS 15 20 Zn—MDC +CBS 0.5+ 1.0

5 DPG + MBT 0.5+ 1.0 21 DPG +MBT + TMTD 0.4+ 0.6 +0.5
6 DPG + MBTS| 0.5+ 1.0 22 DPG + MBTS+ TMTD 0.4+ 0.6+05
7 DPG +CBS [05+1.0 23 DPG +CBS + TMTD 0.4+ 0.6 +05
8 MBTS +CBS |05+ 1.0 24 MBTS+CBS + TMTD 0.4+ 0.6 +0.5
9 TMTD + MBT | 0.5+ 1.0 25 DPG +MBT +TMTM 0.4+ 0.6 +0.5
10 TMTD + MBTS| 0.5 + 1.0 26 DPG +MBTS+TMTM |04+ 0.6+ 0.5
11 TMTD + DPG | 0.5+ 1.0 27 DPG +CBS + TMTM 0.4+0.6+0.5
12 TMTD +CBS 0.5+ 1.0 28 MBTS+CBS + TMTM 0.4+ 0.6+05
13 TMTM + MBT | 0.5 + 1.0 29 DPG + MBT +Zn—MDC| 0.4 + 0.6 + 0.5
14 TMTM + MBTS| 0.5 + 1.0 30 DPG +MBTS+Zn—MDC| 0.4+ 0.6 + 0.5
15 TMTM + DPG } 0.5+ 1.0 31 DPG +CBS +Zn—MDC| 0.4+ 0.6+ 0.5
16 TMTM +CBS |05+ 1.0 32 MBTS+CBS +Zn—MDC| 0.4 + 0.6 + 0.5

Standard recipe : SBR 1502 : 100, HAF : 40, ZnO : 5, S:2, Stearic acid : 1, Antioxidant
(phr) PBN : 1, Accelerator :above
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(7) SH&EA9TEHEm
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AE o 20.0me) A YFYE AEst 45uE 25
%, AELE 100°CAA 22 A2 &F BlE st .
(8) ImEEHAR
ASTM D2084 — 71 T ** (Measurement of Cur-
ing Characteristics with the Oscillating Disk

Cure meter)o] we} 170°CoA 12 522 8 ¢
+2, tm+ 4, tso, teo, Tmex (maxium torque),
T min {minium torque) & AE A rh.

M. #R % &%

K FRAAS SRIY SBR MEEEH DPG
% TMTD off MBT, MBTS %4 CBS ¢ #H, DPG
¢t TMTMel MBT, MBTS % CBS 9 #tH, DPG
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IEE SRS W F2U 2304 Az, HAAG
Az ol & mEYe MEHES KsAc

1. FoL] A32x] Azt

RMFELFL7 EIRC 9FE sz Foy &
3932 AZE Fig.l % Table.20] JENigT,

SBR E&el delAH Fo 2395 AL DPG
2t Zn-MDCel MBTE ffAstgen 713 stzw
MBTS ¢ CBSeoll TMTM & ftfstde o 7t -
g,

3% #EflA MBT >MBTS> CBS ¢ JAS 2 we}
AEe B vetiz gl

2. InE4stE

RIFELF7 TR vl2le 38 dedge
WES HEE Fig.2.3,4,567,8 3% 93 Table 3
of viehd viet zbo] FEMEKML HEY we
MBTS 7} 7k stz DPG 7} 744 =i, s

Table 2. Cure curve values for the comparison of dependence on combined vulcanization of
MBTS CBS, MBT, DPG, TMTD, TMTM and Zn-MDC accelerators in SBR

compounds.
ecipe No

Cure valss 21 22 23 | 24 25 26 27 | 28 29 [ 30 31 32
MLa+e(120£17C) | 52.3 | 51.8 | 54.9| 51.3| 53.5| 46.2 | 52.5 | 51.0 | 63.5 | 51.3 | 52.1| 46.0
MLmnim 51.2 | 48.2| 47.8| 45.8| 50.1| 43.6 | 44.6 | 44.4 59.7| 50.3 | 50.2| 45.8
MLman 86.3 | 83.1] 82.9| 80.4| 84.9] 78.3 | 79.4| 789} 94.2] 85.1 | 85.1| 80.5

ts 5’367 | 8/30”| 82471104871 8'54”[10"187115"30"116'54”15'6” | 7'30” | 9'36")10'18”

i35 930 |127367117718”18%” |14'12”{17'487|24700"|25'36"{ 654" | 9'42" [13/30"|14" 48"

£430 3547 | 4’67 | 8'547| 7187 5718”| 7'30”| 8'30”| 8'42”| 1748”7 | 212" | 3'54”] 4'30”
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Fig.1 Comparison of the Mooney scorch time
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Fig.2 Cure curve for the comparison of de-
pendenee of vulcanization of MBT, M
BTS, DPG and CBS accelerators in
SBR. Curing temp. 170°C
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Fig.3 Cure curve for the comparison of de-
pendence of vulcanization of DPG
with MBT, MBTS and CBS accelera-
tors in SBR, Curing temp. 170°C
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Fig.4 Cure curve for the comparison of de-
pendence of vulcanization of TMTD
with MBT, DPG, MBT.
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Fig.6 Cure curve for the comparison of de-
pendence of vulcanization of Zn-MDC
with MBT, MBTS, DPG and CBS ac-
celerators in SBR. Curing temp. 170°C

Fig.5 Cure curve for the comparison of de-
pendence of vulcanization of TMTM
with MBT, MBTS, DPG and CBS ac-
celerators in SBR. Curing temp. 170°C

Table 3. Cure curve values for the comparison of dependence on combined vulcanization of
MBTS, CBS, MBT, DPG, TMTD, TMTM and Zn-MDC accelerators in SBR

Compounds

Curev;iiepem 12| 3| a|s| 6] 78| 9 fw|n|w|B]iuals]is
et 2 1/387| 2+157| 1'54~ | 2'517 {17157 | 1'577| 2:307 | 2247 1 16~ | 1'33~ | 1/15(1748~ | 2:00~ 17557 | 1- 24~ 2/ 24~
tm+ 4 203~) 2'367| 2187 | 3517 | 1/24~| 2107 | 2/537| 2:33~| 1/25~ | 1745 | 1 24»|2+02 | 2/ 157 | 2/06~| 1/337| 2/36~
ts0 803 3/047| 3/ 247 | 354~ |2/ 03~| 2'347| 3:267| 3/ 157| 1587 | 218~ | 1437|2327 | 2/55| 2427 | 1547 3704~
teo 5'127| 4/18”|5'54” | 4’577 | 3/30~| 3/ 167{ 4'33~ | 4:277| 3/ 247 | 3427 | 2307|309~ | 4- 06»| 3/54~ | 230~ | 3/ 38~
Cure rate  (3709%| 1427\ 2:367| 1/067{2/067| 1/06”| 139 | 1'54~| 1°59~ | 1/577| 1067|107 | 1/51| 1-48~| 057~ | 17027

T min 76| 75 75| 78] 75| 71| 10 1 1| | 1| | | | 1| 71
Tomex 27 |26 |20 |35 [35 | 20| 35 { 34|30 [ 40| 3|4 |37 |4/ 9| a
Cure v:l'iipe Nolgg | 18| 10|20 | 21| 22| 23| 2a| 25| 26|27 |28 | 20| 20 | a1 | 2
) 1'247| 1367(0 /157 | 1748~ 17127 | 1'277| 1/427| 1/447| 130~ | 143~ |2/ 04| 2 04| 048~ | 1709~ | 1-277 | 1/27~

tm + 4 14387 1457|0307 | 2/027 | 1207 | 1'367| 1/48~| 2:267| 1-427 | 11497 |2/ 18~ | 2/ 16| 056 1/ 167| 17347 { 1'36~
ts0 2'307) 2217} 1007 | 2:21| 1/38~| 1'5677| 2/ 147| 254" 2+ 04~ | 2/ 147|238~ | 244~ 1157|1434~} 1/527| 154~

£ 4'127|3'36 | 154~ | 3/127|1'58”| 2' 03| 2/ 387 | 3/05~| 2'38~ | 2'387|3/107| 3207| 1547| 2/08"| 2 28~ | 2:24~
Cure rate  |2347|1/517|1/24~| 1/107]0'387| 0" 27~ 050~| 0:39~| 056~ | 0"49~|0527{ 1-04~| 058|052 054~ | 048~
Twin | T 7| v 21 o o | 7| | v | | 2! | 1| +
Tmas 35| 36| 201 41| 40| 39| 30| 39| 9| 40| 0] 39| 36 3| 38| 38
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Fig.7 Cure curve for the comparison of de-
pendence of vulcanization of TMTD,
DPG with MBT, MBTS and CBS ac-
celerators in SBR, Curing temp, 170°C
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Fig.8 Cure curve for the comparison of de-
pendence of vulcanization of TMTM,
DPG with MBT, MBTS and CBS ac-
celerators in SBR. Curing temp. 170°C
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Fig.9 Cure curve for the comparison of de-
pendence of vuleanization of Zn—MDC
DPG with MBT, MBTS and CBS ac-
celerators in SBR, Curing temp, 170°C
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MTM €% 713 $2 @48 Rolx gloy Haale
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654- p_o__\/—*"—"_"'—“\\/——o
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Recipe No

Fig.10 Comparison of hardness.
4, BIRIMEE

SBRER/Y AAA FI5REBEE Fig.12 ¥ 133
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TD $rA 4% 718 $& 3-8 Holx glon, DPG
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Fig.11 Comparison of hardness change after
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Fig.12 Comparison of tensile strength
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Fig.13 Comparison of tensile strength change
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Fig.14 Comparison of elongation
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Fig.15 Comparison of elongation change
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Fig.17 Comparison of tear strength
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Fig.16 Comparison of 100% modulus
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Fig.18 Comparison of resilience
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Table 49 vhebd whel 2dl 100°CAA 22 A1,
2% &% €A #3& % DPG, MBT & TMTD
BAY 9 7 $& F3E b 3les DPG,

30} MBTS ¢ Zn—MDC 85 "2z i},
ol Aol ol HEM(ZERFL DPG, MBT ¢ B
25 HRE®I TMTD & 4R sE HENEEY mis
2 Qo EEMEERU DPG, MBT & EiE#
20k #idl Zn —MDC & #$:fstd HE EHE mEs
9 A39x Azte] Wwelxla g,
15+
V. # ®
10+
SBR &4l A mEE#EH DPG & TMTDH
S S U S S U S S S MBT, MBTS 4 CBS ¢ #H, DPG ¢ Zn -MDC
21 22 23 24 25 26 27 28 29 30 31 32 of MBT, MBTS % CBS¢| ##, MBTS 2 CBSel
Recipe No TMTD, TMTM ¥ Zn-MDC o 3@& #Hs4%
Comparison of Comprosion set after €W 2303 A, BEMEKH % °olE MELY
heating, 25% def. for 100°C X 22hrs, o] MIEMHES HEk FEY g2 023 2o
Table4. Physical properties of the vulcanizates.
Recipe No
Test item 21 22 23 24 25 26 27 28 29 30 31 32
Hardness (Hs) 66 66 66 65 67 67 67 67 67 66 67 67
Tensile strenth 17| o | 108 | 106| 92| 95 | 94 | 97| 90| 84| 88 | 86
(kg /cd)
Ultimate
. 220 [ 190 210 190 | 180 | 200 {210 210 190 | 180 | 190 180
elongation (%)
100% Modulus | 35| 359|345 | 33.6] 32.8 | 32.7| 35.4 | 36.3| 33.0| 33.4 | 37.7| 34.2
(kg /cd)
Tear strength 30.7 | 28.8(27.9 |27.8 | 26.3|30.1 |26.1 |32.7 | 31.0 | 37.1| 31.6 | 33.6
(kg /cm)
Resilience (%) 50 49 50 50 48 48 48 48 48 49 49 49
Hardness change,
degres (100°C X TOhD) +4| +5|+4 | +5| +5| +3| +3] +4] +4| +6| +5| +5
Tensile strength .
change (%) -2l —16|—-14|—-19|—-26 |—-21|{—-16|—20}| —27| —18 | —15| —24
(100°C X 70 hr)
Elangation change | _ _ _ B _ _ _ _ _ _ _ _
(100°CX 0 hr) (%) 28 19 29 26 23 26 31 34 17 14 19 25
Compresion set( %)
(100 °Cx22hr, 25% 13.6 |15.1 {19.6 |18.7 [18.9 [20.0 {19.2 | 17.1]18.1 |21.2 | 22.8 | 21.1
def)
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