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2 o: g Jtuy Ao ok FAFE stress-strain $A4& Uehlls AN YA
2 AN A4 vl JPE ZARBINC. HALT J1E el 21 & Fo A (sulfur
donor) F7iol @8} induction timed oA, JHR&EEE B, ZlaA ¥ ©E A3
7Axo] 4L o9 3 vhH AAFL conventional vulcanization (CV)AHo}A] efficient vul-
canization (EV)Al2 248 Zadhs P& v Fith Blow-outo] WAsH= Al 7tRY
dio) wel ulasid BH CV<semi-EV<EV<&hybrid bond<resin curego] fom, =3
KA-9188 4 resin7}bf-& 4% 29 vl¢ 539t Cutting & chipping A1y AadM =
CV system¥} sulfasan-R& 348 A¥HolA $& ARF B Fct. KA-9188& A4 A9
< QB4 sEglol 3 A, reversion B blow-out §440] ¢ $531e] 718EYE A
hybrid cure systemo] A& + ULL 2o FLU4.

ABSTRACT: The objective of this study was to investigate the effect of cure type on the pro-
cessing and physical properties under conditions of similar stress-strain properties. On the car-
bon black filled natural rubber (NR) based compound, the induction time decreased, but the
cure rate became fast with increasing loading of sulfur donor agent. Tensile strength was lit-
tle affected on the curing type. However, elongation generally decreased with increasing ac-
celerator. Effect of cure type on the blow-out properties was followings: CV <semi-EV<EV
< hybrid bond<resin cure. Version 1 and version 4 exhibited good cutting & chipping
resistance compared to other cure systems. Especially, compounds with KA-9188 exhibited
processing stability, good reversion and blow-out property without sacrificing tensile proper-
ties. It implies that sulfur cure system can be replaced with hybrid-cure system.

Keywords: cross-linking types, hybrid cure, conventional vulcanization (CV), efficient vuicani-
zation (EV), NR.
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A4 2 =31 BAE Fol7] A8t 2EA 34 A}
ol FHE-FHE (-C-C-) 23 L A 7iaL Fo| 9
t}.2 A2 318 7HFAl 3 7HF (overcure)d] 9§
BA%gte A3] 3l @ ANl S8
hybrid 7} #go] Bo] /"3 UAt® axa &
e A PP ol tud=d A &
P} d2A 1A RS 8 AAZEE Fod3HA
g =3 SA4de st old wEld -C-C-
AL 9 =3 54 SR AFAE £ H=
B3] B4 vyroa o okt APYEs} F7t
3o mel modulusE ZF715HAI9, AAAEE JIE
et F71%te) wret E1sicr oA Zaste A
g Holm Yo}’

E dpME 1x@ez {A1E Jlmds @
modulus ZHNA 7ILEF Fef W3] & T3
7V 54 9 B4 vAE 9% AR o)
£ 3§ dzvy] 44 v 9¥= AT FE
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M E B AT AE v 2dEE Table 1
o Jehliglch. AAnF= SMR-5CVE AR-319e
o, A2 8L LG 7R AFQ N330 (HAF)E& Al
23} & J7MFE S8l E£ZFA2A Monsanto
A} AFE2] TBBS ( N-tert-butyl-2-benzothiazolesul-
fenamide) ¢} 3 (free sulfur)& AHE-3I T wi&A
T APl Fode APHolE £HIHY] H3o
TBBS/sulfur ®|& ZA3Act. 7] BHid] ofspd
HA3Fe] sulfur AL oE ¥ AY (polysulfide
bond)4=& F7IA0 ¥ #Fe] FIAA AL o
Z 3 A¥uckE A7 mono sulfide & disul-
fide4=& Z7IAzIth? 8471 WolA mono-sulfide
2A%e I/ 98 sufur FAHA
sulfasan-R (4,4" -dithiodimorpholine) & AH:-3}%1
I, hybrid ZA¥E WE7] A3l Bayer Al
Vulecuran VP KA9188[1,6-bis(N,N” -dibenzylthic-
carbamoyldithio)-hexane] 8|3 ®xI7tel x|
A¥e =487 481 SchenetaryAl A E2] SP-
1045[alkyl phenol resin, (methyol 3 8.25%)]
E A3t 35 ARE Asjeld, 2Hold AL,
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Table 1. Formulation

VI V2 V3 V4 V5 Vb
SMR-5CV 100 100 100 100 100 100
stearicacid 15 15 15 15 15 15

Zn0 50 50 50 50 50 50
N220 50 50 50 50 50 50
neoprence 0 0 0 0 0 7
sulfur 15 10 06 05 05 0
TBBS 05 10 15 05 05 05

sulfasan-R 0 0 0 1.0 0 0
KA-9188 0 0 0 0 10 10
SP-1045 0 0 0 0 0 50
*KA-9188 : 1,6-bis( N, N’ -dibenzylthiocarbamoyidithic)-hexane.
*TBBS : N-tert-butyl-2-benzothiazolesulfenamide.
*Sulfasan-R : 4,4 -dithiodimorpholine.
*SP-1045 : Alkyl phenol resin(methyol content: 8.25%).

=HAE 13 v EA 2 AN o, HF wigolA
3 4 /1% A& A7k

Al ®ZE. AMSE 22 e ASTM D3184-
808 FlEo 2 B MAsAT YE T A
o] a7 ¥7) $isld SMR-5CVE 1.6 L Ui
&37) (BR LAB Banbury Mixer, Farrel Co.)d)
30& ¥ Fo3iirh o] W ARE E1 AR =2
2 40rpm 452 L% 80 C, AFL2E 130 C
2 F 4830 i e 159 72
43 AL 2B 13 ol F 2447 FE3]
WAt HAF KPS two-roll  mixer
(Farrel Co.)& o|83la] 4% 5 100 'CAA HA|
At FMFLEE 145 Coln, FARY we-g 9
3o} A¥E ZHRAEE 190 CTAAM MRS sl
EA 244 ANHE rheometer data®] At torque
d @3 AIE 7|Eo = 5§ FUEKE, 4
FH4 A497] (HANIL Co., Korea)& AM-31 A)
Z38199 . o] i slaA e 500 psigh.

oIEt |, QBB ASTM D-412¢) e} ¢
%4 A1§7) (INSTRON 6012)& o] &3l LA
500 mm/min®] cross-head £TA 2339},

@9 A#. BFGOODRICH Flexometer& o©]£-3}
Ao, 1800 rpm9) stroke rangeS 4.45 mme) &
A 4% WY g e | 15 R 25 e Al
Hel 9 ¥Y & FA3AY.

olgd olliiX|. Figure 13 2Zo] 150x150 mm A
HolA 100x30mm A|HE Add ¥F 73a
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Figurel. Results of reversion of filled NR
vulcanizates with various cross-linking types.
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2 ER3x e EV systeme] A4 sulfur: 0-
0.5 phr2 A% AMS-3h= Al & FAH & AMR-31
EE fge] FAAE AME-317] w9 mono E di-
sulfide 2%E Ay oz Wo] P34 o o
d] vksled CV systeme] 79 #gke] sulfurd)] 2%
o] A& AH-3E7] W&l polysulfide Ao] B
o] A=Y ol e ¢ A3 =AFNA slmA
3 Feo] #3E Fske AYHE R AUk
£ APl & Table 13} o] S/TBBS=1.5/0.5,
1.0/1.0 R 06/1.00.2 FA4¥ CV, semi-EV %
EV system& A£3}59c}. o8] version 49A&
F4plio) monosulfide 2RFE F7HMA17)7] A3l
3 FoA¢l sulfasan-RE L3l version 39]
EV systems B4 % IZ4& vizdych
Hybrid 2% §4& vusty] Y3t 2 Bayer
Al A F& Vulcuran KA-9188A41E-& AMR-3l%
7 ol -5,-(CHp)e-S- TZ2A 12 A A=Y
Zolg 7 A7) WEe AF3= & 7e B4
2 9L FA YouiA #4948 ¥ 12 TMFHA E
PE F= Ado] ¢Uch Resin curer] AME3Rs=
7}uA4l=  p-t-octylphenol formaldehyde resole
resin®. 24 elo]o] Ao A bladder 1 2H3FE)
®o] AM-ghed ole g ¢AAe] $3ln o) W
ol A HaFAe] 3] ot £
Tl ME 7t Fejrt Lt B viAE G H
23] A 73] FH 5 Goliw vs=% 7}
2YE R modulus ZA NN BP& vl EA43)
A}t Table 32 145 Co4 v} ¥ rheometer A
I8 HAFQch NR wifngds &84 & 3
oA %o] F713el induction time Zz|Y, &
38 Jlad&ee B RAFT Qg ol e
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Table 2. Types of Cross-links

terms structure of cure type related chemicals
7 TAT‘“ }\\ o 7//j a=monosulfide
s, ’ SN b=disulfide
sulfur cure T J 5 S c=polysulfide S/TBBS
el \] X | d=dangling group S/TBBS/Sulfasan-R
¢ T / .
g e e=cyclic group
WM_T‘~>‘\ \\,.‘__///
. vulcuran KA-9188=1,6-bis(N,N’ -
d §, +CH, )¢S, < ’ »
hybridcwre | x<3 dibenzylthio carbamoyidithio)-hexane
‘\\H’/
R N o o/%/ R
resin cure © n n=2-10 SP-1045=alkyl phenol resin
- ,,_J‘ v 3 /
\C ~ /
peroxide cure ’ dicumyl peroxide
..... ] ,

PAe A, aslold, 2H oA 23y ¥4
B F3JE Fo] vhgo wE A=A fE 9
27l Ado s Fo] 7243l induction timeo]
ZEA =W, o]gA A" AES Uy ¥YY
duiAg wioz 7tadd SEe B4 24
KA-9188& AMg3 version 5& version 33} fA}
% 71E BAE o 31 Qe of EY 33
e sulfurdkd =ZA &L Ho F3 QU0
Version 6% resin cure @4} 145 °C w4l 180 ‘Cofl
A AANE A2 & cure systemo] v]3}e] of 4
13 cure rate® HF3 Ut ZladE W)
& reversionZ2#E Figure 19 HoF3 Qi
Reversion 23& MDRE ¢|&3 #Ao=Z 180 C,
30BN 2337 o ojefld g o]g3td Alitst
At

Tmax_ Ttorque at 30 min x 100

Reversion =
Tmax - Tmin

AN Thaxs B T 22 Ad] torque & F
i torque% L}E}-Lﬂﬂi Ttorque at 30 min'\g—' 30% %3}
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Table 3. Result from Rheometer

Vil V2 V3 V4 V5 V6
Tin (Tbs.in)  10.94 11.23 11.8 10.39 10.64 9.3
Tpax (Ibs.in) 38.96 41.38 40.54 39.01 40.59 36.4
f; (minutes) 1052 11.23 12.27 19.06 11.0 45
tyo (minutes) 17.32 16.56 19.12 27.22 13.43 113
fgo (minutes) 27.2 26.18 22.49 34.44 26.06 39.7
% Running temperature of samples is 145 T, but V6 is 180 T.
t,=Minutes to x % of maximum torque.
tnax— Highest torque during specified period of time.
¢ nin=Minimum torque during specified period of time.

% Z9 torque #+& JeElAh Resing A& ver-
sion 6+ reversion 4ol AAHA Q3 23]
marching modulus B4& HAF3 givh. ofd ut
3] 718 system7$- sulfure] AHg-33o] ZF7hgil
w2} reversion ratet F33] 2oL BYF1 ¢}
t}. o]& CV systemdlA] AlA o2 polysulfides}
Be 9o, EVAL ¢ mono E& disulfider} B
o] ¥As7) wjEo|tt. Hybrid#o] A$ B3] we
reversion Z& HAFE= AL polysulfide -C-S,-
C- (x>2)9) A% duAL 60kcal/mol o},
-C-S-C-+ 68 kcal/mol 18)1 -C-C-= 84 kecal/
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mol F=2M F§ iR o] fELZ oA
Eo|§ A& version 37 v]WA] version 47} ¥&
reversion Zt& ¥ F3 glth. o] sulfasan-Ro)
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Figure 2. Stress-strain properties of filled NR

vulcanizates with various cross-linking types.
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ojAdA Ay HdEE FAolrt? nFE HeA
AzA 4 AxEr} w$ @] dEd FYF 4A
do] WA, blow-outez gdF€rt. ol@
blow-outo] WA sh= AlZH& 7layelo] we} ¥l
3 HH CV<semi-EV<EV<«hybrid bond<
resin cure £AZ 53 KA-91888 A &3 A=}
resin 7Hi @ A|Ro] vj$ & FAE BHAFT Y
t}. ¥b8 conventional cure system¢l version 19
74 blow-out timeo] 3.88¢ 2 ul$- A 22¥
o] doldg RAFR 9lct. XF blow-out@ A4S
A g Wyoz M 124l butadieneiiF-9
AFE F7HITIE BlelY, Fe JlEAs¥E
polysulfide Z3jAld C-C 2% && monosulfide
AP F7MIIE el RaEn glow ’ B4
A ZAgME= A dE TN AT 9 A4
=7} AWM compression setE/do] e nFF A}
S3tx loh gdiA AFE ni} o] HALF 7]
£ il 933 3 wge /tadd Pl o
& A8zt & Aolg BolA) gt Bl Al
7FagH = hybrid bondu} resin cured A|®o]
o] $ % blow-out 54& Hlgs ARlolrh
o9} L AL blow-outo] Wiel L wgd)
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Figure 3. Physical properties of NR vulcanizates with
various cross-linking types.

reversion A3}g} o] A3 A uA| g AHE Bo)
Qe AYeZ RAA. 58 KA-9188L 43
Ao Be AFEA Y 3 Holx] ¥x T ¢
A, reversion @ blow-out £4Jo] v]$- 38
Y o &% 71832 4 hybrid cure system
o2 dAY & As vl I 2 ARE RYFa
At

£ 53] %A, Figure 49} Figure 5= PICO
abrasion 43 BFG cutting & chipping test 2
HE B3 1 vt YA modulus ZAENA 7
% W39 9 U uir 549 ol RYFA
2ttt 349t resin cured AIH2] A$ W wlin &
ol ARz BA3 detshsd ol 713 type
o ggnra sIF 279 9oz Ak Resin
cure?] 79 cure rate7} =2l7] W& 145 C o
Al 190 CAHA 715 A A3 marching modu-
lusdgoz A% 7MFAIZE g Add v
torque k& Yeh & AN RS FusigEd
old JIF2AdF AFPAE, AAE Fol W ulx 5
Al 488 F= Aoz woA). Cutting & chip-
ping Al¥ AAYGA= CV system¥} sulfasan-RE&
A48 AEAAN F& AHE BFY, EV system
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Figure 4. Results of PICO abrasion test for NR
vulcanizates with various cross-linking types.
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Figure 5. Results of BFG cutting & chipping test for
NR vulcanizates with various cross-linking types.
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Figure 6. Results of tear energy of filled NR
vulcanizates with various cross-linking types.
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o] AN=HE Aoz A Figure 7& 35
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Figure 7. Crack growth properties of filled NR
vulcanizates with various cross-linking types.
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