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Abstract — In the 1840s, Goodyear found out sulfur cure system, but cure time was too slow. So producing of rubber
product takes a long time. In 1904, Oenslager et al. found that aniline is accelerated sulfur cure system. Recently, many
rubber industries needed high yield and good quality. So, many researchers have studied a rubber system with fast vul-
canization time and good mechanical properties. In this study, cure characteristics and mechanical properties of NR/BR
compounds by accelerator with MBTS(2,2’ Dithiobisbenzothiazole), TMTM(Tetramethylthiuram Monosulfide), ZDMC
(Zinc dimethyldithiocarbamate), CBS(N-Cyclohexyl benzothiazolyl-2-sulfenamide), DPG(Diphenylguanidine) were evalu-
ated. The results of the study indicate that cure charateristics(ty,: 235 sec, T,,,,: 5.77 Nm) and mechanical properties
(100, 300% modulus : 2,180, 5.656 Mpa and tear strength: 59.58 kgf/cm) of NR/BR compounds shows efficient accel-
eration with MBTS 1.5 phr, TMTM 0.5 phr, DPG 0.15phr. This is due to the synergistic activity of ternary accelerator
system in rubber vulcanization.
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JTF 2 718 Z30 4] FollA 2-mercaptobenzothiazole> %371
2d?1 cyclohexylamine™} amine-salts- 3/J3tc}. o] 3}15HE-2 CMBT
(cyclohexylmercaptobenzothiazole)ZA] EFEIAE 7138 FXA = A}
2537 Slt}. uhEbA 2-mercaptobenzothiazole> A ZZ1A|2kar
E-t}. T3t dimethyldithiocarbamic acid®= PHF7IA 2 4714
o} 2} amine-salts ¥7J 3ttt <, PMPDC(pipercoline pipecolyl
dithiocarbamate), PPDC(piperidine pentamethylene dithiocarbamate)
50 ZPE g 718 EXIRA| 24 AR 31 Qe 1A O & mercaptoben-
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AL AZFEE 4= STk S 53 MBT(2-mercap-tobenzothiazole),
MBTS(dibenzothiazyl disulfide), TMTD(tetramethylthiuram disulfide),
TMTM(tetramethylthiuram monosulfide), ZnMDC(zinc dimethyldi-
thiocarbamate), ZnEDC(zinc diethyldithiocarbamate), ZnEPDC(zinc
N-ethyl phenyl dithiocarbamate), ZnBX(zinc buthyl xanthate), ZnPX(zinc
isopropyl xanthate) ‘5-©] 1711 &3HCH{11].
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Fig. 1. The chemical structure of vulcanization accelerators (MBTS,
CBS, ZDMC, TMTM, DPG).
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Table 1. Experimental formulation I (Amount; phr)

A-1 A-2 A-3 A-4
NR(SMR) 35
BR(KBR-01) 65
Zeosil-155 35
Coupling agent 2.8
PEG-4000 2
ZnO 3
St/A 1
Naugard BHT 1
W-1900 5
Sulfur 2
MBTS 1.5 0 1.5 0
CBS 0 1.5 0 1.5
TMTM 0.5 0.5 0 0
ZDMC 0 0 0.5 0.5
6 4
..é _________________ -
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Fig. 2. Cure characteristics of the non-DPG systems according
to the various accelerators.

Table 2. Cure characteristics and mechanical properties of the A-1~
A-4 compounds

A-1 A-2 A-3 A-4
T,,,, Nm) 1.48 1.62 1.53 1.32
T, (Nm) 5.04 4.92 4.68 4.20
tyo(sec) 149 278 130 375
tyo (sec) 281 433 511 751
Tensile Str. (MPa) 12.77 12.24 12.00 11.27
Tear Str. (kgf/cm) 51.23 47.68 50.62 44.53
E g (MPa) 1.525 1.465 1.427 1.392
Es3p0 (MPa) 3.674 3.490 3412 3.371
Elongation (%) 823.5 899.2 927.5 846.8

7¥s17] $18ked ODRZE =73t A& formulations Table 101 LE}
Wit o]el] mE 748k 243 1 ARE 2} Fig. 29 Table 201
HeRITE MBTSSF TMTMS &-8-38F 74-9-(A-1 compound) 7
et #HA 71 ARty et Aol BT, dbs HFERIL
t}. o]= MBTSS TMTMS %%’6}0% AREERO 24 thiuram 7] &

ZIAIRT TMTMO] thiazole 7] 31491 MBTSZ <Qlste] 1 4%
7} Z7Fek Ao ® Akt 12]. B3 TMTMS) AL S Q)
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Fig. 3. Stress-strain curves of the non-DPG systems according
to the various accelerators.
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AlEF ARt WEEA] Bkl A 718 AlRRS TEAIZITE MBTS
=S ARESE H9-(A-1 ¥ A-3 compound), CBSE ARE-3S 74-9-(A-
29 A-4 compound)ll HIgto] #Z] 748} Al7to] W a1, 55
Hu B2 ¢k YERNSIT o)1= thiuram 7] F2IAIQ1 MBTSS] 5~
gt 71 &}l MBTSel| o] nliglate] 44 or E1Pgel t&ls)
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Table 3. Experimental formulation II (Amount; phr)

B-1 B-2 B-3 B-4
NR(SMR) 35
BR(KBR-01) 65
Zeosil-155 35
Coupling agent 2.8
PEG-4000 2
ZnO 3
St/A 1
BHT 1
W-1900 5
Sulfur 2
MBTS 1.5 0 1.5 0
CBS 0 1.5 0 1.5
T™TM 0.5 0.5 0 0
ZDMC 0 0 0.5 0.5
DPG 0.15

Torque (N-m)

B-1(MBTS / TMTM / DPG)
B-2 (CBS / TMTM / DPG)
B-3 (MBTS / ZDMC / DPG)
B-4 (CBS / ZDMC / DPG)

0 T T T T T
0 5 10 15 20 25 30

Curing Time (min)

Fig. 4. Cure characteristics of the DPG systems according to the
various accelerators.

Table 4. Cure characteristics and mechanical properties of the B-1
~B-4 compounds

B-1 B2 B3 B-4
T, (Nm) 157 1.48 132 150
T, (NM) 529 5.38 4.88 5.06
10 (sec) 114 218 103 243
tyo (s€C) 223 301 330 497
Tensile Str. (MPa) 13.72 13.91 11.78 9.618
Tear Str. (kgf/cm) 5236 49.88 5112 46.09
E,q (MPa) 1.760 1.629 1543 1.59
Esq (MPa) 4182 3.977 3.729 3.647
Elongation (%) 847.5 913.0 812.0 734.0

12} FZ1AIQ1 MBTS, CBSS} 23k 3141”1 TMTM, ZDMCE 1§
|5k ok A3 e 33} FXIAIQ FoR DA 34| DPGE 0.15 phr
H7¥st A3 formulation Table 3] LFERAQIT). olof W 715}
574 H7t 495 217} Fig. 48} Table 40l YER QI DPG=
guanidine A9 FFRA|Z ti3£2]Q] 9714 FHAo|ch W o= AF
G5 AFHTRs AP AR thiazol 71 3 thiuram 7|} -8
sfo] ARgElS Wl 1 mrE Rl sithar deA] Qo). uhebA,
DPGE AHE61A] %2 7-9-(A-1~A-4 compounds)2} DPGE A-8-3F
74$-(B-1~B-4 compounds)E H| w3 R, MBTS/TMTM/DPGE
AF&3 Z-9B-1 compound) MBTS/TMTMS AF&-3+ 7 -9-(A-1
compound)= T} #Z 713k A7k 58 sec HEEH O Hf B
2 0.09 Nm Ab5313in}, o] obA Wt upe} 12o] A S04
9} A7 EXAL) HEo R AT BYLE ST A 44 1
Al adRos s a7 $3E 0% dvkdnt CBS/
ZDMC/DPGE AHE3H 73$-(B-4 compound) CBS/ZDMCE AHE-3)
73-9-(A-4 compound)°ll BI3}o] & 713} Alko] 254 sec TEE|Y
on FHo EAZRE 0.15Nm 45t 7R 2 S F5 vER
Aort ~5X] AJ7e] Hof HZ 718} A7le] =eiA|= whido] gl
t}, o]i= 738k A 34121 ZzDMCEF 9714 214191 DPGE) W
SO F Qg et FX AW} I o CBSe] 27] el AlRE
o] PO QAsk A3A] AlFFe] FTFE IHHETH].

74 S3A| &) W stress-strain curvesE Fig. 33} 501
ER T MBTS/TMTMS AHS-$E 73-%-, MBTS/ZDMCE AH&-gt
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Fig. 5. Stress-strain curves of the DPG systems according to the
various accelerators.

7390l vlsle] Q1 7= 2 100, 300% EEH A7} 22 0.77, 0.098,
0.262 MPa 33531t} 0] thiuram 7] Z214]¢1 TMTMO] dithio-
carbamates A =721 A2l ZDMCe] H]|3}o] thiazole Al =X A<
MBTS$} 518 A| BT S712 Q13 718 1 &3 9 7l s 4+
% G392 Yehgr] wiiolth12). 3 MBTSSF TMTMS: AR&-3H
75 CBSEF TMTMS: AR 7390l H]slo] 1 7= 3 100,
300% FE522~7) ZH2F 0.53, 0.060, 0.184 MPa &A= Qle). o)=
thiazoleZ] Z71A4]2] MBTS”} sulfenamide 7] 71491 CBSel| H]5}o]
7h% 3 @) $sle] S8t 71AA 29 JERd Alow
AkETH11]. MBTS/TMTM/DPGE ARE-38F 749 MBTS/TMTMS
AREEE S0l mIsled @l A, 100, 300% FEE A8 91F e
7} 2¥2} 0.95, 0.235, 0.508 MPa, 1.13 kgflem Z7}813ich. o]&= &
7174 %A1 DPGE AHdEHIA 2] g0 7 QI3 7l % A<
O % FECH11]. 3 DPGE ARESHA] 92 739 9} DPGE At
£3 795 vlwsl] B 747 S04 8 Q1 A E 100, 300%
BEHA s A v2AT FARE S eRYISIT

I non-DPG
R DPG

46.09
44.53

30 1

Tear strength [kgficm)

20 4

MBTS/TMTM  CBSTMTM  MBTS/ZZDMC  CBS/ZDMC

Fig. 6. Tear strength of the non-DPG & DPG systems according to
the various accelerators.

Fig. 601 713 Z214] &80 w2 91 =& Yehlt). DPGE
AR 749 DPGE ARESIA] 952 7490l BIgle] <=3t Q1 7
== Yehfglon, 53] MBTSE ARE-3E A9 7P 9031 ¢l
AEE Yehiie) o= 9573 91 e 1 91 s el
= MBTSS] 5437} UX|sk= Aot

3-2. 7 EZIN| 2=l 2 NR/BR compounds®| 712 £4
2 IAN =Y It

oA ARE Fslo] M 9t HA 71 AR Hd) B gk
UeRNHA 7hd 351 Z1A14 E244(100, 300% ZEE ) Ve
W MBTS/TMTM/DPG A A~¥1(B-1 compound)& HFEHO & MBTS,
TMTME] $H-2 Wstste] Addsioit. 74 S04 kel whe
A3 formulations Table 5o YERY S ©. M, Fig. 72} Table 6]l
ODR& AHE-SE 748} =413t 1 A3E veRdigich. MBTSS] $H
< 138t TMTMSE] =5 7171 Z-9-(C-3~C-5 compounds)
TMTM] ghgo] S715tel wet 7 718 Al7te] T55 gl o,
TMTMS] 3-8 1793k MBTSS] 8-S 5714171 3$-(C-2~C-
3 compounds) MBTS®] 3ol Z7kebd Ao EAgto] Z71af3l
th 5, MBTSE] 37t TMTME] §Hgol S7kebd 22 Aol &
Agko] F7FskaL 7kl Al AIRE 9l 7] 718 A)ze] Wit

Table 5. Experimental formulation III (Amount; phr)
C-1 C-2 C-3 C-4 C-5

NR(SMR) 35

BR(KBR-01) 65

Zeosil-155 35

Coupling agent 2.8

PEG-4000 2

ZnO 3

St/A 1

BHT 1

W-1900 5

Sulfur 2

MBTS 0.8 1.0 1.5 1.5 1.5
TMTM 0.8 0.5 0.5 0.3 0.15
DPG 0.15

Torque (N-m)

C-1 08 /08/0.15
C-2 1.0 /05/0.15
C-315/05/0.15
C-4 15 /03/0.15
C-5 1.5 /0.15/0.15

20 25 30
Curing Time (min)

Fig. 7. Cure characteristics of the DPG systems according to the
contents of accelerators.
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Table 6. Cure characteristics and mechanical properties of the C-1
~C-5 compounds

C-1 c2 c3 C-4 C-5
T, ,, (Nm) 130 118 154 154 1.67
T, e (Nm) 540 539 577 551 553
1 (sec) 150 113 155 197 227
oo (s€C) 269 221 235 414 578
Tensile Str. (MPa) 8432 11852 9414 10763  13.725
Tear Str. (kgflom) 4742 5684 5958 5694 5236
E, g0 (MPa) 1858 2002 2180 1866  1.760
Esy0 (MPa) 4774 5135 5656 5185 4182
Elongation (%) 4874 6230 4861 5735 8475
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7ro] ©E% A1 o7 FekEv12]. 7 Al2F A7) TS A5
HRAle] 9371 Qo B R FH 4 60 sec 0132 7ha AlZF AIZHS EH
s Zlo] dubAolth, Jeut Aol A= MBTSS] gt
TMTME] 3 S7tel] W 7k AlEE AREE] el Etafal
100 sec ©172] 7k AlF AIRRS FRFFOEA 7hl Al AR
8] SRS uhebA, 2 Aol Tk Al AIRE A 7
AR Y A B3 g aeels A 1% VM ¥ o A
she-Cof At 74k £3A9] o ® MBTS 1.5 ph/TMTM
0.5 pht/DPG 0.15 phro] # &3ttty ket MBTS 1.5 phr/
TMTM 0.5 pht/DPG 0.15 phre AREEF 739 71 A12F 217 2%
7Vek AIZF Bl ) B2 gko] 22} 155, 235 sec, 5.77 Nm= UER
W2l o MBTS 0.8 pht/TMTM 0.8 pht/DPG 0.15 phrs AH&-3F
74$- MBTS 1.5 pht/TMTM 0.5 phr/ DPG 0.15 phrs ARE3E 734
o Hjsle] H7& 718 A|710] 34 sec S7VEF A EAEES 0.37
Nm 724815t o= 13} 34191 MBTS E3e] <503 Qs
TMTME] A% 7hao) e 7l &2 53 4 7lu s 2as 9
T} 718 S30A| ek whE stress-strain curves?}; Q19 A EES
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Fig. 8. Stress-strain curves of the DPG systems according to the
contents accelerators.
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Fig. 9. Tear strength of the DPG systems according to the con-
tents accelerators.
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