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Abstract: Zinc ion containing thiuram type accelerator zinc di-
butyldithiocarbamate (ZDBC) was compared to other thiuram
type accelerators (tetramethylthiuram disulfide (TMTD) and
dipentamethylenethiuram tetrasulfide (DPTT)) in silica filled
natural rubber (NR) compound upon vulcanization and mechan-
ical properties (modulus, tensile strength, and elongation %).
ZDBC added compound showed the fastest cure time (7,,) and
the highest reinforcement index (R.I.) among them and showed
a marching behavior. The mechanism was reviewed and a new
mechanism was proposed.

Keywords: zinc ion containing accelerator (ZDBC), silica, nat-
ural rubber, vulcanization characteristics, physical properties.

"To whom correspondence should be addressed.
E-mail: kkim@dongahtire.co.kr

406

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

N B

ool &(Zn* ) 279 7halo] QlojA] BPAEA T8
sk QS & ¥R ope} T EE SRS S Tt
AEE ghrh! ofddol o] 23 FXIA O FHEE zinc
dimethyldithiocarbamate(ZDMC), zinc diethyldithiocarbamate
(ZDEC), zinc dibutyldithiocarbamate(ZDBC) 5°] 9J.oH 7}
wEdo] TR a7 Hukerd &gA, A, WEA v
A T kR HH o Hrtele] AMgEo] gtk RS 7
GA7|= wo] e 2 AR ] TS FHXIA|
7171 915t oJ8] XA o] ML= 2o g AF+EF
o] XPH AR T4 o]= F=E FHEEY o] THE Aupeo|
Z|-g-ste] o] Foixl Azpoltt,

JFESAA WellA del7ke] RAEHE H2E AUl
AL, o] F A7t o] H7te AFEFLAE Ereolofof
2-gsS Al 7HEE ] Bls) Aol gAY
o] §rgto] AVNEATES g kAl HrbE Aelgh-A
ol tigh thFet A7t o] RojH o olF EEF A0l
A G e e Ahewt) 9 7kr)7),R
XA TR 2 G, FRED ()" 0l UR
ok AAIH 02 7]EE o] 3k Elo]o] AZI|AlA = ©]
n] A7t EFLAE 582 Elolojo] A&ate] M Y
ERAHAE S AT AL AA] BRIAFAE 5 dnk
IFAFOEE ARGo] SfE AL Qe FAlo|h e gk, A
271 19 3|=FA]7](hydroxyl group, -OH)’} A3}
2 7Y Hud s A 2 R 54 5ol 2] o
ol Zhzke] Al="lolx ZXA 7} 71l wR= P 2t
ol& HY Flolgtal & F Ut} ARpe ofdolo] X
e A7 A7t Aukse] nixe FEol| tiEl o
Z270g vp QATh!E SR N ofd ol o] EFhE HXIA7F A
7Pt TAE AALT EAA] HollA 718 54 2 EA4
o] Hxl= FEe el A=IA EEsH = ettt

B AFA = 7|& AFEN RISl ofdolo] HIXE
B JAFA R AFsl| 98| ofdolo] EAlsHA &=
thiuram A] (R,NCS-) ZZ1A| Q1 tetramethylthiuram  disulfide
(TMTD), dipentamethylenethiuram tetrasulfide(DPTT)2} o}
o]2o] X3 thiuramA Z7FIAQ] zine dibutyldithiocarbamate
(ZDBC)E ARE-3le A7t S48 AA1T Ag= U
of|A] ofdol o] 7}FEA B 7IAIA A riAle Y=

< WwgeT 2 AUES vy AsTat ek,

Al
=

i



slioleo] Eghel ZDBC XA/} Aej7le F4e

S S
CH3 CH3
C
/\N—H—-S——S—H—N< N NN
CH, CH; (LJ
(@ (b)
C4Hy S S C4Hy
// +2 \ /
—C\ Zn /C—N
CsH, s S C4H,

(c)
Figure 1. Chemical structure of thiuram type accelerators: (a)
TMTD; (b) DPTT; (c) ZDBC.

Table 1. Experimental Formulations

(unit: phr)
Materials T1 T2 T3 Product name
NR¢ 100 100 100 CV 50
Silica 40 40 40 LK955-1
Silane 4 4 4 Si-69°
V4(0) 5 5 5 7ZnO#S
Stearic 2 2 2 Stearic Acid
Acid
PEG® 2 2 2 KONION
Sulfur 2 2 MIDAS
SP 325
TMTD 1 - - TT
DPTT - 1 - EKALAND
DPIT C
ZDBC - - 1 PERKACIT
ZDBC-pdr-d

“Natural Rubber. *“TESPT(bis(triethoxysilylpropyl)tetrasulfide).
‘Poly(ethylene glycol).

clearance: 0.2 mm, volume: 1.6 L, tangential rotor, manufac-
turer: Bongshin Casting & Machinery Co., Ltd., S. Korea)
oy RE a0 tle] fill factor: 0.7, RPM: 442] 7}
F2AL LA 2-2Y(two roll millyS o5 9] &5
H|7} 1:1.20]50 9F %94 3= 19 ipm&l W7 1AITAA
(S Korea)®] A|EFS A3 }011:]- Table 21 2FA<=A 9} AI7H
& Yepie),
718545t ASTM D 20845 Farste] zhzte] wighs

< 160 °CollA] 204 5<F, biconical rotor(Z5 F3k7=: 1003]
/min(1.66 Hz, ¥1%: 3% &2t 719F 31 wh2le] #QwE

AT B3Ale] 748 2 Bl vIxE 9% 407

Table 2. Mixing Procedure
Step 1: MB1

Time (min.sec.) Action
0.00 ram open; add rubber
0.10 ram close
1.00 ram open; add silica and silane (1/2), and
additives
1.10 ram close
3.00 ram open; add silica and silane (1/2)
3.10 ram close
5.00 ram open; sweep
6.00 ram close
8.00 dump
Step 2: MB2
Time (min.) Action
0.00 load MB1 and add sulfur and accelerators
(TMTD, DPTT, ZDBC)
4.00 dump

(Pressurized Rotational Rheometer, Daekyung Engineering
Co., Ltd., model DRM-100, S. Korea)E A}-83}lod TMTD,
DPTT, ZDBC7} A 7He H3t2A o] 7F523(to, too, Toins
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k &Folo] 10% Aol =gst 79 old slldste Al 1
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160 °Coll A 7} wljgol] W& 2 gk 7F} A1ZH(1o0+ 90 secys
SAstaL Al AEE xSl A Al zsisl.

77X SdYIL 7 Huake=e 71A14 &4 ASTM
D4120l] oJsl SA ATt JIFHEE= A EFH ] HF 7t
FES olY 33 A|HO 7 A FEaL, W54 7] (Universal
Testing Machine, Instron 3365, USA)E O]QOP‘I] 500 mm/
min®] £E2 BEEe2 IR, AGES SHsIST =
sk WS ¥l wEhr] 98] th2- RI A $=(Reinforcement
Index)E AH&-8td AlLtsl3iet.
300% modulus

Reinforcement index = ——~———
100% modulus
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Table 3. Vulcanization Properties of Silica Filled Natural
Rubber Compounds with Various Accelerators

24 -

Z53A|

Table 4. Mechanical Properties of Silica Filled Natural
Rubber Compounds with Various Accelerators

Tmm Tmax to foo
(Nm) (Nm) (sec) (sec)
TMTD 0.4 35 08 Tl
DPIT 0.3 30 106 )13
ZDBC 0.4 29 64 184
5
x  DPTT
o TMTD
4 v ZDBC
O OO CTOCDO CBAXODEO CIEDAOCIDIDOTOO CADOADO
3 - 5}‘wa
€ 5% I——  v——————v
z
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B . . |
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Figure 2. Cure characteristics of the silica-filled natural rubber vul-
canizates upon various accelerators.
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Figure 3. Soluble zinc reaction with silica (redrawn from Nor-
man)."
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TMTD DPTT ZDBC
100% Modulus (MPa) 2.0 1.8 1.8
300% Modulus (MPa) 7.5 6.0 10.1
Reinforcement index 3.8 33 5.6
Tensile strength (MPa) 26.8 26.4 13.2
Elongation at break(%) 630 690 350
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Figure 4. Zinc oxide reaction with acid (redraw from ref.19).
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Figure 5. (2) Zinc ion reaction with hydroxyl group on silica surface
/redraw from ref.19; (b) Zinc ion interaction with hydroxyl group in
silane.
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