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ABSTRACT: Silica and carbon black filled natural rubber (NR) vulcanizates were prepared
with different mixing modes and amounts of fillers. Curing characteristics, morphology and
tear properties of the NR vulcanizates were investigated. The NR vulcanizates filled with sili-
ca and carbon black sequentially showed longer induction time (), cure index (fg), and lower
maximum torque (7,,,) than the NR vulcanizates filled with them simultaneously, during
curing process. The former showed superior dispersion of fillers and tear properties to t* = lat-
ter. The NR vulcanizates containing 30 phr of silica showed excellent properties in the experi-
mental range.

Keywords: natural rubber vulcanizates, silica, carbon black, curing characteristics, tear proper-
ties.

dertz FAAe] dRE A3

tu
2
oo
s
R
rok
2
-4
_}‘_
m&
e
o
_l
o2
in
bl
j
2,
X

220

15 2%, W
chipping 547 QLAY Fol A Foln, 2
2 Yl A AAEE Ho

E}'Z ey delte #2Wel AgdEel Faiv =

250l Qlol, IFA nFe] e s
uls) Akl b ® o ohje} slmA A ofgl
7)ol FA5E 5 A Aele alo] Yo,

Polymer(Korea) Vol 24, No. 2. March 2000



de)7 % sHegde) 3AE HAx

oty ZgiRtEe] JtnEASE Erivh 44 ¥
oz ¢3A UArk? del7ie 1F M9 &
zAe Hg7l vAd 7R =H, ASYA, §2
2 MgsiAl] =9 R AEHY Tha AlAF)9
setrze] AL ojgstE Pt 34
H7tee] w3t —"13*1 2 A F& 2E3e
5o Hgs A £ & don, Axe} A
Me Ha3 §gs) d7sHo g 2y 2E E
& B3l WEHD e v, FA9 A9 A
o] 7] g& HAAY Tt wiF x7o] M
)‘6,\:‘ 5;. 5]& Eigx} t;.g io“ %‘._g_z‘ﬂ Odz'sk._.
Z 4 JgolE B7EI ofF old W AT} v
g FEo o83 As dFelinh

E AFdaE= delgiel FIEEHE FAld §4,
ERAN FARF 71EET olEg AXE T F
o, EFAZ 7IEES Azl oldt FAAHY
zole} FAA|el g7 VIR EL 2 HFT ZEZ
| A%, 2eln P24 Eolojo Ez= AAA 1
246}04 o} fé‘ 713 F2§ ¥4 sl | cutting-
A8 wgshs 2947 2o A

Jbl °1ﬂ
ok M Hl JZ‘- r,t
2 Y 2 o ox M

ol

3

r~\ Ha
¢

o

Hd@ A (fracture phenomena)olgt 23 - LH°“
M2E o] AAHE E4e2A, B U &
A sh= T°r 22 ogrHog s 323@0] adog

(tip) FolAMe] REg=Ha A
28 A% (stress concentration)o] t) & 4.2 Inglis

o elate] FEsATH
6/0=1+2(L/"N"? 1)

oA71oA L& 7HEzlE] 2&e] Zojolx »& 1%
HA @& AlE e s 2] WA o)y, ¢,/0
<4 ’S" ¢l 2} (stress concentration factor) @

BodE=, 229 7E A3eE (o)l W =29

r&r

F2(ol A24 A2z 200004 3¢

5 7HEEdA A wWgyel g

549 v 4

o] & REJ Bg=
o] Lyt 3A z& o,

A
3l

22 (5)¢ Hlolth. ro] gt
2 ( )-3— e} o] w2

o=0, P2l c @

4 (2)9] 2R IR FEE AW v e 2
Ho| Aylo yhalA s, 2] AVI7t F7HHAY
ayo] dgrE SEYF] FH3 Frigct g
g e F o] £ (blunted) Z$, $E3
Zo 7iAgy QAT E 2715, ) A (2)
= fracture A%2] olsfjo] B2 7|4 & FZelxE &
T, 2ggo] v nEELY JHLEE 2R
F glke A7t o) o] BAIE FE3] 93l
Griffithe fractureo] w™d ojyx| UA (energy
criterion) & A3t =, nxEA lojA
ade] Jde 99 HEF AU/} A2 H
o] Ao ols) AHHE AFAUARY Z g7t 7}5
stotal 7hgsigen, 4 (3)o2 FEsYrh

o

dw dA
—dac”> Tac

3)

A (3)eA TE BARdgd gddgalvx, W
T & BAdUA, 283 dAe 2 o8 44
¥ gHAe] wggol|r}. Griffith o]2& AlH ujd)
A B 7} BE Ggoluzl 2 HEls AL
Ade) Hdgog TAE Aoz, AJHe] Felo 4
"ygle] dgovixls ERe

2

IEA (intrinsic
property)?l Aoz 7). o] AAs}7] 9
Az Qido] dolys zd Mdd FEE oy
7t 7hf Ao} slo] x| BES] WA uizl, FFH
A2 fracture7t sk S 2ulE Ay 9}
Zolo} g}, &

AW =AW+ dW,— AW, = T(4dA)  (4)
A7)l AW,= Zdo] HHY B AW =
B Wd &5 ARUA, AW, 284F

_‘Tﬂ_
A
g9 AN wa, AW,s 2 439 2
2 Qold &4 ARAUAE e, T= 9

221



2

Wy 2 fractured|®], 4 A= fracturedl] 2]sj
d ¥UAE eI
Fno] QojM JAFBEHL 7|EFHoz2 adY
Aol A oE50, nFFEE oMo =&
97 EA4L g eod ! 7128 § o8 sk A
e Algsted oA 7|7t g A7t s &
t}. Qlgdu A= trousers, simple edge-cut, pure
shear @ split & 5 g3 A|HEE Ax, AFAE
& Filg FE F Qloy, 39 AER=S A
QU 7} A8 vl BAE 2= trouser A EHol
s o 2 dej o]gslm 2t Trouser AIGAl, Al
Ho} AlFo] QithA Add AlHe FA (HY =Y
ol 4FE u 4 F(FrezHE 4 (5)F A3l
o AGANHAE 78 ¢ AUt

o Ao

ooz

el
[}

,,
Jm

>
o~

ok oX

T =2F/t (5)
4 #

A 2. AQnTE SMR-5CVE ARgslgio, 712
B LG 712 A< N330g, Helvke 2% Al
U Z-1758 Agsith. AERAE Si-69
(TESPT : bis(3-triethoxy silyl propyl)tetrasul-
fane, Degussa) &, 2dlt4] A 34 2= Zejod
A222 (PEG, ¥ 4000, = g)e Al
st Atstold, o4, €2 9 k3|
(HPPD(6PPD) : N-(1,3-dimethylbutyl)- N-phenyl-
enediamine) < 1} w3 H7lAl9} 22 wj @Al
A7 & o s1EAA) (TBBS @ N-t-butyl-2-
benzothiazol sulfenamide, DPG : diphenyl guani-
dine) §& FIEE|Y ATALZRE A FEol ALS
st & Aol 2l RE A9} Aloke TFY
< Jd = AR

A M= F34e] EFTHEE AT AA wi g
3% 9 PEGE AT F7He =4 ASTM
D3184-800 whgkth. 1% whatAl, A9 19
e 7S HelgtE BAd £sked E8
7le 3 (SANE F R EE S Helv £ F,
LAAZH60x) B F £, EFATE PH (2
Al o2 o] st 18 dig
o] & 70phr2A, st/ 8o A |y

—

222

WS S

I Banbury mixer I

(40rpm { 100°C)

Natural rubber %
30 sec| 30 sec .
Silica, $i69
[t ser oo
P
[E 30 sec| 30 sec PE
SIA, ZnO, Oil,
Wax, HPPD 210 sec | 210 sec

Temp.|160°C

“oumg 1
[ owmw_ ]
(24 hrs [ambient Temp.)

I two roft mixer I

SEQ series vulcanizates

SIM series vuicanizates

Natural rubber

Silica, Si69, C/8

) ul

S/A, Zn0, Oil,
Wax, HPPD

(30 sec,|100°C)
I DPG, TBBS, S } { DPG, TBBS. S I
(210 sec,[100°C)
—r
9
[: __Dump 1

(24 hrs Jambient Temp.)

I Hot press |

(160°C, 500psi)

Figure 1. Schematic diagram of formulation proce-
dure.

z+z+ 10/60, 20/50, 30/40, 40/30, 50/20, 60/100]
&5 =4S dsA Y. 1R HIEES wige
7tz 100 C2 24¥ 1.6 L ¥4 £37] (BR ban-
bury mixer, Farrel Co.)¢} 2% (two roll mixer,
Farrel Co.) & AM3to] 294412 Agsigon, 2t o
A FE F BAAA TR AH3IE Al F2olA
24 A17t x| A1 73tk Figure 13% Table 1] A 239
Hebe g uiehEe] 248 ztvt Helsi) HE W)
e @ 2vE (MDR2000E, Monsanto)& o]&,
160 CollA 6027 ZAsted A 7132 ze 2
3, ol wat ¢k el WEr] (Hanl Co)E
AHg, 160 C, 500 psig} qto g A|BAHEL Az
st

& AFA Alzg A= 3o HAE s
AT E FAF ul, FAIEHoZ Az} HALe=
SIMO0e. 2, TAgES SEQU0 Soz Erslg
oof, Adal o] 002 wx2A Halste e

4

Polymer(Korea) Vol. 24, No. 2, March 2000



delst 2 FHEEYe] F¥E HIx

w7

EoA wjggol HLdEA v A

rir

3%

Table 1. Formulations of Silica and Carbon Black Filled NR Vulcanizates(phr)
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SN 0 0
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F "2 peak forcee] H&& wWiste vl MY ¥4
! 7] (CPS-40 Image analyzer, LPL Co.)& A}4-3}
o o] AFsTh
EPMA 242l Electron probe micro analyzer
(EPMA ; Shimadzu model 1400)& A}&-3}o,
200wl o] Wl&2 i ojEYAue Halvle] 44
& #asdoh 15kVe 7Hdds 5 o] wge
Zt= beam2 2 Si 4% mapping3tich
EXZZEM. ASTM-D813¢] o2} 50 C, ¥4
SH3lA wiEITd o WAHE € BEE
DMFC tester (Demattia flex cracking tester,
Getty Inc.)& AMg3led FAHsYTE 2XEEE
300 cycles/minolic}.
F Zn o o
Figure 2. Geometry of trouser test.
71BEMN. Figure 37 4% Hg|7le} 7Bl
(phr) & ¢ju] &} widhty o @Ekvle] w2 nyulEgEe] fEA7
QIHEN. 30/100/3mm (2W/L/T)2 N+= 7} (t) 3 7t2=7t 0%l E2ehs AT (4e) S &
T8 AH9 ¢ 7HEAlElel 13mm o] HF o] g ag o2 A, v %Ol’“ A=E Wdsle h
ZE PRI F, 3 FYFE AT wrde 4} 7t g, 7HET ] Huel 4ol FEFE TIEA
23l o 2mm Zole] JulFEE Foi, Figure o} &g onjdic) AUntH oz fy& 7hwA 9} 7}
29} 22 trouser AJHE Azt t}h Trouser & wEPde] FEgE 7pF A god, by 2xe}
2 A A|E7] (Instron model 6012)& Algziad At aEln 2EA e g Sur fde) gls Ao
200 mm/min®] £52 AH2dA AAlsigon, 47t 2 4eiA ). A A, = &= 3
o] e tearing force?] WIE =F, I peak Zo| Skl met gokAtirt YR o) oA T
forced] Ha# AlHe FAE 4 (5)d dig)std Z7behs Aeke M2 ey delvke Hyeol
QLN E Fakgich 240l B AHe] 3Q BoldSE ARENA Fo Fio] TANDE 1g,0]

2/ A24¥ A2z 200043 3¢

223



JZ
ot
M-

3.0 @ SIM series

O SEQ series

2.5

£2 (min)

2.0

1.5

T T T T T T
20 30 40 50

Silica content {phr)

Figure 3. Time required to achieve 2% cure of the
silica/carbon black filled NR compounds as a function
of silica content and mixing sequence.
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silica/carbon black filled NR compounds as a function
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Figure 9. EPMA image of the silica/carbon black filled NR vulcanizates. (a) SIM 30, (b) SEQ 30, (c) SIM 40, and
(d) SEQ 40.
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