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Q o EH Jlmyd Wl D& RAIE stress-strain S4€& Uehle AN FHSY
g HuA A e 93 ZANY. AT 712 gl &J3AY & FoiA (sulfur
donor) 274} e} induction time® WolAu, 7HR&EE AT 7haA WS wE A%
Aol Qe e He vl AL conventional vulcanization (CV)ANA efficient vul-
canization (EV) A2 248 Z4ash= A% ¥o FRU. Blow-outo] ¥4sh= AlE 71a¥
o] wat uEste] B CV<semi-EV<EV<&hybrid bond<resin cureso] ¢lov, &3
KA-9188 ¥ resin’}5-& H8% A% ol$ 943tk Cutting & chipping A¥ FAAME
CV system# sulfasan-R& H£& A|¥dA F& AAE Bof Fc}. KA-91888 A48 AR
& AAEA siEglol 34 A4, reversion ¥ blow-out §4o] M- $534 1A H A
hybrid cure systemo] Q¥ + A& B FAL.

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 vulcani-
zation (EV), NR.
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A4 9 k3 54L& o)) fdd 2 R F4 A}
olof FHE-7HE (-C-C-) 2% 2 A 7= Fol A
o2 HZ 1 7MFA # 7HF (overcure)d] o
B43EE WA Hsidd 4 APl ¢49
hybrid 7} Wie] Bo| A/iHx Aot 28 &
A& 7lad g HeaR olJe sladxd A o
¥t d2A AR S AAYTE FAqER
2 4 3} B A3, old) wsl -C-C-
AP @ 3} B ST AT @ N2
3 §A4d s ymoa 5o okt AgdUsst F71
el ulgl moduluse F7H8AT, AZR=E 7l
d=7} 37184 wel 718 OAl dases 3
& Holn o}’
€ dFME 13302 §ARE Jlads 9
modulus ZARA ZindY P Wd] w2 FTH
7 54 9 B4 vXe 9982 2AREAY. o}
€8 FF N2 §Ad e 9 93 PE
Ao},

A #

NE & A7 ASE WY ZABE Table 1
o Yehligith. d9n5= SMR-5CVE AMgsiglo
o, FREEdS LG 7R AEQ1 N330 (HAF) & A}
3. ¥ 7M€ 9% #2424 Monsanto
Al AlF2] TBBS ( N-tert-butyl-2-benzothiazolesul-
fenamide) ¢} % (free sulfur)& AM-3I%t}. ¥
FH2 A Boishe APAolE W) Y3
TBBS/sulfur ¥]§ A3l 7] ¥ad) ofsnA
HZe] sulfur AHS-2 ©E & A (polysulfide
bond)4& F7MZ v o] 2AA AMR-2 )}
% & APurE= B4 mono sulfide & disul-
fider8 Z7HINAGS £x7F WA mono-sulfide
e M2 SiEe] sulfur FeiAQ
sulfasan-R (4,4" -dithiodimorpholine) & AF-3}%
i, hybrid A¥E =7l A3l Bayer A}g]
Vulcuran VP KA9188[1,6-bis(N,N’ -dibenzylthio-
carbamoyldithio)-hexane] Zg]x ZAzre] 4]
F}& =93] 918l SchenetaryA} A|Ze] SP-
1045[alkyl phenol resin, (methyol 3 8.25%)]
& A3, 38 As2 Adjold, Aol A,
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Table 1. Formulation

VI V2 V3 V4 V5 V6
SMR-5CV 100 100 100 100 100 100
stearicacid 15 15 15 15 15 15

Zn0 50 50 50 50 50 50
N220 5 5 50 50 50 S0
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 5.0
*KA-9188 : 1,6-bis(N, N’ -dibenzylthiocarbamoyldithio)- hexane.
*TBBS : N-tert-butyl-2-benzothiazolesulfenamide.
*Sulfasan-R : 44" -dithiodimorpholine.
*SP-1045 : Alkyl phenol resin(methyol content: 8.25%).

A E 12 YA 2 ALg-sidon, HF vl
% 2 7MF 244§ Wlksdo.

AP =, A 3% wfgEe ASTM D3184-
80& 722z 3o wigsiAct. vigEe] T A
o] 3g By 93l SMR-5CVE 1.6L sy
£%7]1 (BR LAB Banbury Mixer, Farrel Co.)d]
30x ¥ S o] i) ASE Er)9 Ag 2
< 40rpm £52 27|k 80 T, AFLE 130 C
2 F 48 iR EEe a%e T2
3 S e 14 MY F 2443 283
AT HF PP two-roll  mixer
(Farrel Co.)& ]88l 4% $< 100 TAA HA
At JHF2XE 145 Tojni, A wge 9
3] AYE JFAIEL 190 TAM M58 3i¥.
B4 %748 AU rheometer data] Ho) torque
d =23k ARE J1Fez 58 Fopsia, 4
H@4 A9Yy] (HANIL Co., Korea) & A3l A
Z3At. o] o JhA 4L 500 psigit.

A BN, AFEAH L ASTM D-4124] wg}
& A¥7] (INSTRON 6012)& o] &3l Ard]A
500 mm/min®} cross-head &S olA] =38}

W2 AlH. BFGOODRICH Flexometer& o] g8}
%21, 1800 rpmd] stroke range® 4.45 mme] ¥
A AR WYL V1Y H 2T URe) 2% Aew 4
He] 97 ¥ e 2339

2194 ofjuix|. Figure 13} o] 150X 150 mm Al
HollA 100x30 mm A|HE Besie] Y= 73x
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Figurel. Results of reversion of filled NR
vulcanizates with various cross-linking types.

Z2¥H 13 mmo] H3 Ho|ZF Y AU I F
44§ razor bladder& o|&3] 473 AoIE cut
& Fol trouser Ny Al¥E& A3}t Trouser
13 RS 2o AF NY71E ol 83 180°
Zeos 94 4% (200 mm/min) ¥ A& =3}
oA Age YA ALZEE chartd]q Mg
Az oE Q9= WszyE FPden,
A4 AYA g A7 A8l FF peak force
&& 7183

YHUELA, Steel ballg 7HF RTA MY 34 7}
TF vhiey A= E s

Ui ol2 Alg. PICO ni® A|Y7|& o|&3iglon,
AlY 24& 60rpmoflA 45kg 35S 71 H 1
# § A¥e A &4%E Ads

BFG Cutting & Chipping £4{. 850 rpmo.& 3}
A= A|¥MdlA tungsten carbide Z'¢& 60° 4%
dM 1Hz £%2 10¥ ¢ 718 ¥ AHe FA
&£4%38 At

De Mattia Flexing Cracking A|#. ASTM D430-
73 AYHE o] 83den, AY =1 5Hz (300
cpm) 2.2 100000 cycles® #d 473 Zol& 33
L1p =0

#2(o] A257 A1 20013 19

o 3%

718 Jim B, 718 JRAA A2 AL
= AES Asjold, 2HoR A, {8 % &34
24 71 A9 ¥std & 7ladd Y& Table
2004 BojFa o). Elolo] ARidA 71 @ol A
£3= Z22A= sulphenamided] HPEZA FA
gy R 73l ¢ ME JtassE TR
TBBS& AM-siith. 7HHAME #3831 A
Agulo) wWat CV, semi-EV 2gla EV F 3714
2 2533 2=d EV system?] 39 sulfurs 0-
0.5 phr2 43 AMg-3he dA & FAHE AHS-3
EH He| WA E AM-37] dE] mono R di-
sulfide 2¢L Aoz go] YA fd. o
o Wslo] CV systeme] 74 334] sulfurd] 4%
9] ERAE AM-E] 2o polysulfide Zfo] B
o] YA=HEH ole 12 ¥ 43 AN 7t
g Qe ¥ Fulshe e R dth
£ A gdirs Table 13 e} S/TBBS=1.5/0.5,
1.0/1.0 % 0.6/1.022 F4€ CV, semi-EV &
EV systemg A £-3%t}. o}28] version 49A=
F4 o] monosulfide A¥+E F7H7171 A%
% FogAQ sulfasan-RE& L34 version 39
EV systems} B4 9 IF4HL vz
Hybrid 2% §4& vwnsly] $lslq A2 Bayer
AllA} A F%E Vulcuran KA-918841 &2 A3l
o7 ol -5,-(CHp)eSy- F22M 12A F=9
Zolg 7K A7) Qi AZA= R 71et B
E 99 FA ¢odA §94 % 12 IHA @
& F= AHo] Urk Resin curer] AMgE=
7taAE  p-t-octylphenol formaldehyde resole
resin® 24| Elojo] IR A bladder 1 2}3Eo)
Bol AMg3l=d] ol WY Ao $5dta o @
ol @ Wl s2FAo] ¢35 HEolth £ o
T 7t Hej7t At B4 vjxles e ¥
2E}7] Aol 3] FF 54 golnm v )
2UE ¥ modulus XA3IAN EG& vm $43)
Gt} Table 3& 145 ‘CoA] v]i2§ rheometer 2
F}E HAFch. NR s @nTolA FAA & 7
oA o] Z713 induction time& Holxu, ©
33 Jla&=E wEllde HoF3 . olg} e
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Table 2. Types of Cross-links

- X d=dangling group
3 1] \\v/ e=CYdiC group

terms structure of cure type related chemicals
N I =T 1| a=monosulfide
\
T ] T ] e
sulf | s, = pol de S/TBBS
uroure | 1 x c=polyault S/TBBS/Sulfasan-R

hybrid cure

S, tCOH, ) S, x<3

vulcuran KA-9188=1,6-bis(N,N’ -
dibenzylthio carbamoyldithio)-hexane

\_ )
’ ® o o ®
resin cure ? § n n=2-10

SP-1045=alkyl phenol resin

peroxide cure !

dicumyl peroxide

YL &34, dsiold, 2H oA 93l A
¥ APET FPo] W o BN FE e
Fx7l Addez @] 743 induction timeo]
7k S, oA B4R FEL g 43
duxg Yoz laute &£+ %24 dd.
KA-9188& A% version 5 version 33} 84}
@ 7N §4€ 29 F3 e o] e 33
4& sulfurgel A EHE Ro Fa Yot
Version 6 resin cure2A4 145 C tj4l 180 Tl
A AAE Az & cure systemol] 5o of$
L3 cure rate§ RF3 Uth tu¥d @i
o}E reversionZd= Figure 19 BEHF3 Q).
Reversion &3& MDRE o|&& Aoz 180 T,
308 3T gz ol oL Asl
At

. Towax— T, ;
R — max torque at 30 min
eversion Tor— T x 100

YN Tour R Tuws 242 Holl torque ¥ F
A torqueE ehjg Ttorque at 30 mine 30 A7

Table 3. Result from Rheometer

Vi V2 V3 V4 V5 V6
Tpia (Ibs.in) 1094 11.23 11.8 10.39 1064 93 .
T ex (Ibs.in) 3896 41.38 40.54 39.01 4059 36.4
t, (minutes) 10.52 11.23 12.27 19.06 11.0 45
4o (minutes) 17.32 1656 19.12 27.22 13.43 11.3
tgo (minutes) 27.2 26.18 2249 34.44 26.06 39.7
¢ Running temperature of samples is 145 C, but V6 is 180 €.
t,=Minutes to x % of maximum torque.
tmex= Highest torque during specified period of time.
¢ min=Minimum torque during specified period of time.

¥ ¥ torque ghg Yepdtt. Resing AM-§ ver-
sion 6% reversion Aol WAFA gu 23]
marching modulus 8A4& HAF3 9t} o]d] ut
3] 7k systemZ$- sulfur®] AME-3o| Z7lg]
w2} reversion ratel= 323 Eo}AE B=3 Q)
o o] CV systemollA] 43 o= polysulfide7}
B& vk, EVAlY] < mono 32 disulfider} %
o] ¥45)7] YRolct. HybridAle] A4S B3 we
reversion & HAFE AL polysulfide -C-S,-
C-(x>2)9] ZF# dYAE 60kcal/mol o]3l,
-C-S-C-& 68kcal/mol 281 -C-C-= 84 kcal/
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mol AE2M AY A o] 4Eo2 AT
Eo|§ A& version 33} ¥]A] version 47} £&
reversion & B Fi Yt} o]+ sulfasan-Ro|
AN B FAREA AP Bode {8 B3 g
€& @ o2 EAl networke ¥A43A @o=H
version 39 H|3{§ Aoz @ polysulfide 2
H& 4= Aoz Algdn.

8-y KA. Figure 2 7laYH ¥3d w
£ 4% &3 A9 ¥]%¥ modulusE 73
& 2o Fa Qldh. YuFge2 EV systemoly
peroxide system7$ 93 AFAo]l HolFdlx &
Faa nFARIel Wol ALHA AL olftE A
B9 CV systemo] v|3ld ¥A3 HojAs] 0§
o2 4R sled 471 49 AHE 29 resin
cure§ AT ABgAE AR AF3 =2} 526-
550% 9] A38E BFx vt 1o AL vx
o] ¥ FY modulus =AM AP R AP
&8 CV4, EVA, sulfasan-R%} KA-9188¢& A&
T AU Eo] HF AR B F2 UG ojg} B
YL A= % A380] JlafEe PR
Zlagdsy avte] 82 Fd o & 43 de A
02 BoAr} Resin cure& # version 7 A

250

g

Stress, kg/cm?
&
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=
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Figure 2. Stress-strain properties of filled NR
vulcanizates with various cross-linking types.

#&ajol A25d A1z 2001d 1€

Hog ¥e AFZEed AFEE RAFEH ol
Zhaf8 dYrc ¥4 % I 23 Aol Jjd@
4oz YZ1Er). Resin cure| B¢ 7H¥&5%E71
Lgl7] o] 145 T diA 190 TAAN 7H7E dAl
#9 1 marching modulus@ ez U 7HFAIL
& & AN¥3} H]{ torque FHE vEhi= Al
A 78 Fasied old JMF 21 T8 A3
T % AREd 4¥E F& ez 3434 Fig-
ure 3& v €4, ¥d 9 blow-out J&¥& el
W Y} vl B e 38.9-404% HSolA 2]
I gde 293-303 € WHE 7ladg e u
& 4Ye A9 BolA gm Ut ol BAYL 23
2 $9 2EAs) filler =ARN ladse] & 3
$& Ho]7] yEolt}. Blow-out ¥4 4 F 1
5 297t vYe W Hed, 9y AuyA dis
4= ﬁﬂ:ﬂj gk §3) 578 F5lo v53a ¥
Y WAE 9 Y% £ B I8 stRd el
SHHEA 7 EDo] Wi FHSEG} gAxA
olAlA Ay HESE Btk ¥ A
AzM 4 A==} W W] g FAF 4A
9o} WASM, blow-outo 2 ARdT. oy @
blow-outo] WA dh= A& 7l eld] we} ¥l
sl ¥W CV<semi-EV<EV<€hybrid bond<
resin cure A2 53] KA-9188¢ A4 Ajuxn
resin 7H7@ Aj¥o} vl g F2 AAE HAFH 9]
t}. ¥ conventional cure systemQ! version 19]
74%- blow-out timeo] 3.8% o2 uj$ 4/ =¥
Ao] Yojde w27y 9l BE blow-oui@AE
YA ez AE 15794 butadienex 79
AHFE F7MTIE Beld, ¥e Jlafde
polysulfide ANl C-C 2% &L monosulfide
WS F7MITIE Wel musa 9len? B4y
d FdANE A BE nFeM ARRE 2 AFFR
%7} 3WA compression setS4jo] We TS A}
£33 Qo ellM AFE ule) Zo] HARFE 7]
2 uielM Q3= 8 wde sludy ded o
€ A & AolE HolR| gttt Boljt Algke
7V 2 gH o= hybrid bondy resin cured A|#o}
o]§- % blow-out §4& HRitks ARleld.
ol¢} & WAL blow-outo] ulel F& WA
3o slmZAge] BAEE HAo A o Hio
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Figure 8. Physical properties of NR vulcanizates with

reversion 3¢} o] A% AiAs} WY B0
dE WAoz ¥oA) B3 KA-91888 L3
Alge] ¢ A8 g BolA gn FF ¢
AA, reversion ¥ blow-out £4Jo] w9 3L
Y of §F 7/IEYE A hybrid cure system
o2 A A WS P92 AAE BAF
At

£ o3| ®4. Figure 49} Figure 5= PICO
abrasion €3} BFG cutting & chipping test 2
#E ¥dF3 . 43 modulus =ASA 7l
% WA & W uin S44q Aol BoFH
ogte}. 3Rt resin cured AJHe] A9 ) viw &
Aol ddiR oz WA e ole shE type
o] A¥Ed M =09 d¥o2 ¥ Resin
cure?] 79 cure ratez} =gj7] W&o} 145 C d
A 190 TlA 7158 241393 marching modu-
lus@doz A 7[FAE o AEd =%
torque g& JeRll= AN JHFE FEE e
ol JHrxda ARAE, AP, Fol W vl 5
Qoll 4Y& F= Aoz HoA. Cutting & chip-
ping A8 AFAAA= CV system} sulfasan-R&
G A8AA F& AHE BAF Y, 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.

 verion 3& 7P U ARE HAFm Y.
Cutting & chipping A| @2 42 ZZIA cutting
F A4 A% ol AR BAA U] o
£l A4F AyA & F3lo dZo] Jisditn B
25 et® Figure 6& 2@ CV g Aj#e AS
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Figure 6. Results of tear energy of filled NR
vulcanizates with various cross-linking types.

QY A E 94.6 kg/cm?, semi-EV AlE& 93.0
kg/cm? 12|11 EV A|He] 34 91.8kg/em? o
2 7B AlEe 239 U cutting’do] CV>
semi-EV>EVEo R A4 dyA gal fAMG 4%
& 2o =3 ok A sulfur ZoNQ
sulfasan-R, KA-9188 ¥ resin® L3 Al@eo]
A% A¥ d4yA cutting loss7t YAFHA FE
BojFw itk dd qyR 7t 7173 R resin A
o1} KA-9188& &% AlHo| version 3] H|3}
of o $& Ul cuttingd & Role olf= I type
o] 9§ o2 53 bond length Z27}2 AF W 7Y
o] AA=E Aoz d4AAY. Figure 7& 1%
7h9 H4FEEE 33T APEAHNE HodFa 9
t}. 1093 cyclesolq Zd9l 473 Holg vad
#&oz CV systemollq 713 $& A& B i
o EV systemold 7} HS4E HAE B Fu
Atk FEHE A= KA-9188 HEF AHe
EV systemo|t} semi-EVe v] 3t} W] FAAo| ¢
FH¥& HoAdFn Uk 4719 BFG cutting &
chipping® 78 434 vw Az Ry W 79
e 943 7indx ZANAM 7l typedl 93
wow], IEA Alo|te] AYE o]FE bond
length7t 245 W #dAo] AXEL 428 &

&2lol A25A ALs 20019 19

Crack length, mm

il Tia

L1

EV Semi-év CV EV(S-R) KA-9188 Resin
Figure 7. Crack growth properties of filled NR
vulcanizates with various cross-linking types.

A1
a =

frAFE modulus A EA Ztuye W3}
d wE FAEY % AP B4 "X e 9L
ZABAY. 7haA dsle] 9E JAPRE, AL,
UAEY, vy 2l e §49] 9P vl
e whd, AL, blow-out ¥ reversion & 2
AL W¥e-g HojFa i) Blow-out BAsH=
A7+ CV<semi-EV<EV<«hybrid bond<resin
curego]2t}. Cutting & chipping A1 Fajof| A
£ CV system3} sulfasan-R-& 34$ AWM F
< ZAE HAFT glov, 3 KA-9188% H&
@ AW AFEAY dEglel 33 AAFA, rever
sion ¥ blow-out 4] wl$ 431 T3 AR
A4 g a1 JMFE 27 FAAA JHRE Y
thA hybrid cure systemo] ¥ = UYSL ¥
FAth

F o2 8
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