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2 Ao M= 3Fshd 271 b thiuram A tetramethyl thiuram disulfide (TMTD), dipenta methylene thiuram tertasulfied
(DPTT), thiazoleZ] 2-mercapto benzothiazole (MBT), 2,2'-dithiobisbenzothiazole (MBTS), sulfenamide”| n-cyclohexyl benzo-
thiazyl-2-sulfenamide (CBS), n-oxydiethylene benzo-thiazyl-2-sulfenamide (NOBS)E AF-g3}o] 242t X471 A2l 717}
%X]Q AR 7Her 54 9 7AA Al vA= GEs vl Btk IMID= AthAes wE 7H £5
o} #& Hd EQg(Toa), T8 71418 45 B3 MBT, MBTSE A& s 57 AE2] 748 AZE T,
ZIAA EE BT pEAH o Z NOBSE =9 7F) A7t s 71A1A 24 vEbd vhE S22 318 TawE UEF
sk

Various types of accelerators, thiuram (TMTD, DPTT), thiazole (MBT, MBTS), and sulfenamide (CBS, NOBS) are added
into a silica filled natural rubber compound. Their effects on vulcanization and mechanical properties are investigated. TMTD
showed the fastest vulcanization rate, the higer maximum torque (Tmax), and the excellent mechanical properties (300% mod-
ulus, tensilestrength, elongation). MBT and MBTS showed an intermediate vulcanization rate between thiuram and sulfena-
mide type and added ones, and also showed the lower Tmax and mechanical properties compared to that of other compounds.
Finally, NOBS showed the slowest vulcanization rate and the lower mechanical property but the moderate Tmax.
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[8]. 1937dll= Harman©] N-cyclohexylbenzothiazole-2- sulfenamide%
WAk whe) 2 %9] 4918 benzothiazole sulfenamide ZZ1#]7} 7Y
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FEAT I F9 B2 IHAES o Hold AdANE 7 XA
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S w2 A7k Wy E a1 1th23,30]. 284 hydroxyl7](-OH)7F %
S sk glo dehA 7T v At 23E dda
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2 ATelME o] TR FXAE Aglgk AR 7] tiEiA
u| X JES AR $13) skE27t thE thiuram A tetramethyl
thiuram disulfide (TMTD), dipenta methylene thiuram tertasulfied
(DPTT), thiazoleZl] 2-mercapto benzothiazole (MBT), 2,2"-dithio- bis-
benzothiazole (MBTS), sulfenamide”| n-cyclohexyl benzothiazyl-2-sul-
fenamide (CBS), n-oxydiethylene benzo-thiazyl-2-sulfenamide (NOBS)
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2.1. A=

AA3= PAN RUBBERAMIA #1228t FH 5% (Mooney vis-
cosity)”} ML 144 (100 ‘C)ollA] 50 (+5, -5)21 STR5 CV 50 gradeS
AHEERQIT). A 2] 7= SHANDONG Link Silica CO., LTDOJ|A] | %3}
A4 YA717} 15 nm, BET surface area”} 160~190 m7g?] 227}
(LK955-1)E AHE-3FSItt AE % Ali= DEGUSSACNA] #1238 TESPT
(bis(3-triethoxy silyl propyl) tetrasulfane, Si-69)5 AF3-3131 1, E/J A
2+ dAo] AE ()l #AZE3 zine oxide®} SURIACHEMA}A]
A28 stearic acid, ZHAW|ZALS] KONION PEG-4000-S AF8-813]
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Figure 1. Chemical structure of accelerators. (A) DPTT, (B) TMID,
(O) MBT, (D) MBTS, (E) CBS, and (F) NOBS.

Table 1. Composition of Silica Loaded Natural Rubber Compounds
(amount : phr)

Materials T1 T2 T3 T4 T5 T6  Product name

NR' 100 100 100 100 100 100 CV 50
Silica 40 40 40 40 40 40 LK955-1
Silane 4 4 4 4 4 4 Si-69 2)
ZnO 5 5 5 5 5 5 ZnO#S
Stearic Acid 2 2 2 2 2 2 Stearic Acid
PEG’ 2 2 2 2 2 2 KONION
Sulfur 2 2 2 2 2 2 MIDAS SP325
TMTD 1 - - - - - T
DPTT - 1 - - - - Egﬁ%{"l\g)
MBTS - - 1 - - - DM
MBT - - 1 - - M
CBS - - - - 1 - cz
NOBS - - - - - 1 NBS

' Natural Rubber
2 Poly(ethylene glycol)

=

A 1eAlE ool Al ASEAE Bal 5 mingk YT
T}, zinc oxide®} stearic acid, PEG-4000-2 ¥ 17 THA] 7 minZt WA
3} CMB (carbon master batch)E A|Z38FSIT 20 A= B o] &
3lo] cMBE} & @ 71EERA|(TMTD, MBTS, CBS)S Higsho]
FMB (final master batch)E A|Z=3I3ith 2] Wde) ok A5
A& A5 18141 3 min Ulel] £33 $EEsith 54 HUHE 4
3oy A 2% FMBE 11-2%%7](hot press, DAE LIP IRON WORKS
CO.)E olgsto] 7 ufgn]ol w 273t 7k} Alk(tee + 90 s) &%
160 CeolA 7Hdste] HE 7HES AZ=sgi g E2 F31A)
ol webA Table 13} 2t

2.3. 71E=E9 24 It

Z}zke] Wi AlZd HE 7FskEs ol&slke] ofF 33 AlES
TET RG] E(DRM-100), F-HHE7(DMV-2000)E
o]t 7k E(to, ton, Tmin, Tmax)s B7FSFACH V517
(universal testing machine, Instron 3365)% ©]-8-3l%] 100%, 300% &

YA, IPAE, AFES S8



Thiuram, Thiazole, Sulfenamide”| 7}

ARk At

TR A 5E2Ae 74 gl =/l vAe

rlﬂ

S 413

Table 2. Vulcanization Properties According to Various Accelerator with Silica Loaded Natural Rubber Compounds

Accelerator Tmin (Nm) Trmax (Nm) Tneax-min tio (s) too (S) t90-10 (Tinax-Tmin)/(too-ti0) * 100
TMTD 0.4 35 3.1 98 161 63 49
Thiuram
DPTT 0.3 32 2.9 106 213 107 2.7
MBTS 0.4 3.1 2.7 212 500 288 0.9
Thiazole
MBT 0.5 3.1 2.6 91 347 256 1.0
CBS 0.4 34 3.0 319 568 249 1.2
Sulfenamide
NOBS 0.3 3.1 2.8 319 656 337 0.8
S
S
TS @Es o—s—s—c” :@ @c s/s~c @
/Sx * B MezN . |
Me,N s —S B BT B236]

Figure 2. Ring formation of the thiuram persulfenyl radicals.
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A7t FHE AT 713
ae FREAIART Hesk HES Hlow o] A= Table 291
LRSI 1900 7FEFAIZES thiuramAl, thiazoleAl, sulfenamide] <=
O 7 e
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161 s9} 3.5 Nm=Z UER{ O™, DPTTE 71 AlRH(t) @ ol B2
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thiuram 7] A7} FHEEHo] 318 HAF HFAA oA &
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(C=9)S - )¥} persulfenyl radical (R;N(C=S)SS, - )= FAl =A|sH}
Persulfenyl radical (R;N(C=S)SSy * )< & TZ(RNCS.S; - )& ©]
Fol RPFSIIth31]. o] 3 TEE olF iz 9] oAy
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HbH MBTSoA] 238l MBT radical®] 7} W2 F7}ef 7]ofsh=
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Figure 3. Reaction of MBTS.
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lignad %% ©]5H Zinc ©]22] expansion¥} contraction mechanism
o7 Agrsty18]. T3t BtSH (MBT):= 33} w-$-&lo] HEZ BtS -
o)z Fof o] 7hw 9T-g =t B3-S +rh wEbA MBTS
ol MBTZ2] 34 (Figure 3(a)~(c))S XA 9= MBT (Figure 3(c))
£ MBTSHU} ¢ W 71 55 Uepich

SulfenamideZl] A &4 &A1 CBS2F NOBS:= =2 A 713; AJ7k

7k A%

Appl. Chem. Eng., Vol. 22, No. 4, 2011



414

N N \
\\c—s—s—cf + N D 4e
/ S n_/

[32-36]

Figure 4. Reaction of sulfonamides.

Table 3. Mechanical Properties According to Various Accelerator with
Silica Loaded Natural Rubber Compounds

100% 300% Tensile Elongation
Accelerator Modulus Modulus strength
(MPa) (MPa) (MPa) (%)
TMTD 2.0 7.5 26.6 630
Thiuram
DPTT 1.8 6.0 23.4 690
MBTS 1.8 53 19.9 630
Thiazole
MBT 1.6 4.8 16.8 600
CBS 2.0 6.3 23.8 630
Sulfenamide
OBS 1.6 4.7 15.8 590

(tooy= YFEFUIQITE. SulfenamideZ] 1A= 9578t 2374 H A}
B3 gk 2 AR 7 55 Uehls avE d3ei) st
ofvle] 7)ol 45 ¥ AFX AR} wE U & o]
= o= deA Qu23]. ¥ Age] Axtw 9} vt H
o]aL Sl

Sulfenamide Al ZFXAS] whg wWIFFUSFS Figure 40 UERA
Figure 4014 2 4= 9)59] sulfenamides] X A|(BtS-NHR)= 2 7)19]
EAANAE dAS o A BtS-SBte] HefES W=t} BtS-NHRE
BtS - 9} - NHRZ WHA|1(Figure 4.a) (S-N bond strength : 467
kl/mol) BtS - = Foll: BtS-NHRS} §h$-8to] BtS-SBtE wHEU)
[32-36](Figure 4.c). 12} 2o ¥H=01%] BtS-SBt (Figure 4.c)= MBTS
off thet A} o] gt Afeto] Fo] HAIRlE Ttusk=d &
45 Zt} BtS-SBt] FEfE vt %ol Adela FejEs d#e
IS o] AR7] WEef 7SR ATA S 2 thiazole A2 thiuram
A ZERAA R} =

31 Coran[23]- thiuram, thiazole, sulfenamide”} 7FHEE-#o] Z21
AT HITof wx|= F&ke tiste] thiuram, thiazole, sul-
fenamide®] M2 HHSE YT =R E 21 HAFEY o) 2
Aol st Azlel FAEE WFT) AT 22 wljgh] o
FHEEE AT AR HaskslEs Ale ATl AReIA B E
i gell gste] HESAITlo] o Aoz oS ETH44).
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Figure 5. Modulus of the silica-filled natural rubber compounds according
to the various accelerators.

30 4 r 800
I Tensile strength
[0 Elogation
25 4
nl: - 600
= 20 4 g
= =
o g
g ]
£ 15 - r 400 .=
& 5
@ =
% 10 =
£ =
b= r 200
5 .
0 0
TMTD DPTT MBTS MBT CBS NOBS
Accelerator

Figure 6. Tensile strength and elongation of the silica-filled natural
rubber compounds according to the various accelerators.
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MPaz 713 $73F 3k2 Rt} 53t thiazoleZl S A= thiuram 7]
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e YEit)h o] A Table 20 HAFEREO] Ttk 2
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