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Abstract: The properties of uncured rubber compound and swelling behavior of cured rubber compound with carbon
black(N330 grade) increment. Bound Rubber content( BRC) increased according to carbon black increment and a., be-
havior of uncured rubber compound filled with carbon black, was 1.46. Carbon black added to rubber compound showed
behavior of spherical particle by bound rubber. The C; values of cured rubber compounds, which measured by the stress
~strain method of Mooney-Rivlin, increased with carbon black increment.
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d o] Aopat HATFE AHE3Hglon BARAZE
7} 254 (], No: 81.2mg/g; DBPA: 99.8cc/100g; (F)
7)), Abslolad(w|F:558; 8 43E), JHEAEE
3 (u)$:2.04; 5£%:99.9%; A23kst), Tetra-methyl
thiuram disulfide( ®]3: 1.42; Melting Point: 142°C;
%3}13}), N-Cyclohexyl-2-Benzothiazyl Sulfena-
mide( ¥]5: 1.31; Melting Point: 96°C; Monsanto), X
3R A2+ N-isopropyl-N'-phenyl-p-phenylene-
diamine( ¥]5:1.14; F3ZALE), of 2, 2, 4-trimetyl-
1, 2-dihydroquinoline( ¥]%:1.08; 3 £ &4t ), I
I A (%094, AFAA(F)), 282 71FEA
ZABE Stearic Acid(®%:0.94; §533)e 27}
o] wigtaqdol o]g-5kgir}.

2. 2. vt 9l vt

£ A7 AEAALGE g gy Table 1
3} Zow AFAL Banbury Mixer( Kobe Steel Co.
BB-11%)¢} Mill(§4157] A2 p8%204 )& A4
dlo] zt e AE AdnFo g} £3d 2
T E2FEL J1eE 160CHA A5EE HA s}
ol HEE /IS A5} A Zgr2 ¢
FAy39r

2.3. 22| EN

o7tg 159 £y EA4E 247 98 Tor-
que Rheometer] 4] ( Toyoseiki Co.; ASTM 1003 )¢}
174 HAE AE7] T A= A[5]( Toyoseiki
Co )& olgstsith. 718aye £3-—wy AFL
Tensometer{ 6]( MonsantoA} }& ©]4-3}] 45mm/min
o AAEL 2 APl F3E oh-g aue] Wy o}
E $HHstE 248 A

2.4 32T =3

o7k 57 %9 bound rubber % & 94
toluene( ¥]%-: 0.869; Samchun Pure Chemical Indus-
trial Ltd. )& AH8-stlom 713a79) g £4¢
914 n-hexane( ¥]%: 0.660; Showa Chemical Inc.: ©]
3 HEX) n-heptane( ¥]%:0.684; Showa Chemicals
Inc; ©]3t HEP), n-octane( %1% 0.702; Fluka; o)}
OCT), n-decane(®|%*:0.731; Junsei Chemical Co.
Ltd.; o3} DEC), toluene( ©}a} TOL), xylene( ¥|%:
0.85; Showa Chemicals Inc.; ¢]8} XYL)& Ab3tg
th AT FE o)F 49 FAA FHBgo w2}

433, A5 A 63, 1994

Table 1. Formulation of Natural Rubber Compounds

Sample No.
. H-1| H2 | H3 | H4 | H5
Ingredients

Natural rubber 1000 | « - — —

Carbon Black 00| 20.0| 40.0| 60.0| 80.0
Zinc Oxide 50| « - « «
Stearic Acid 10| « - - “
IPPD? 20| « — | e “—
™Q 30| « = — | -
Paraffin Wax 200 « | « | <« | «
Sulfur 05| « | « | « | «
CBS? 10| « — | « «
TMTD? 20| « - “— -

Total 116.5 | 136.5 | 156.5 | 176.5 | 196.5

a) n-Isopropyl-N-Phenyl-p-Phenylenediamine
b) 2,2, 4-Trimethyl-1, 2-Dihydroquinoline

¢) n-Cyclohexyl-2-Benzothiazyl Sulfenamide
d) Tetramethylthiuram Disulfide

Table 2. Interaction Parameters of Solvent for Nat-
ural Rubber and Solubility Parameters

Solubility
Solvent | Parameter | x Values Remarks
(Cal/cm3)1/2
HEX | 733 |0426~0540
HEP | 748 04160460 -
OCT | 760 |0dzz<0475| pe solubility pa-
DEC | 777 |0413~047o| rameter of natu
L | 887 0350 ral rubber : 8.10
XYL | 897 0.340
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Table 3. Curing Characteristics of Natural Rubber

Compounds
~SampleNo-\ o | ms | B4 | HS
Properties
Mooney Viscosity” | 264 | 323 | 413 | 589 | 840
a}
Mooey Scorch Time”| o0 | 99 | 82 | 72 | 56
(min)
: b)
Optimum Cure Time?| ) ey 0 | 112 | 104 | 097
(min)
b)
Scorch Time 095| 072 | 059 | 054 | 049
(min)
: -
Maximum Torque | ) 1 o9 | 362 | 435 | 511
(in b)
4 b}
Minimum Torque® | o 70 77 | 109 | 142
(in Ib)
Cure Rate?
237 | 362 | 538 | 652 | 769
(in Tb/min) 37| %6

a) Mooney Viscometer ; Test Condition: ML(1+4), 121°C

b) Rheometer ; Test Condition : 190°C

c¢) (Maximum Torque-Minimum Torque)/(Optimum Cure
Time-Scorch Time)
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Fig. 1. Graphical evaluation of ¢ values with car-
bon black({ N330 Grade).
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Table 4. Comparative Data of Actual and Theoreti-
cal Values by Mooney Viscosity

Sample No.
Classification
Actual Value | 264 | 323 | 41.3 | 589 84.0
Theoretical Value? | 264 | 38.7 | 53.1 | 68.3| 83.6
Theoretical Value® | 264 | 49.0 | 88.1 |136.1 | 1885

a) These Values are Measured by Equation 2.
b) These Values are Measured by Equation 3 and f is
6.5.

H-1 | H2jH3| H4|Hb

Table 5. Bound Rubber Content with Carbon Black
Loading in the Uncured Natural Rubber

Compound
Sample No. H1 | B2 | B3| B4 | H-5
Item
Bound Rubber
Content{ % ) St Bl Rl

*Solvent : Toluene

o bound rubbergl= o] HA=o] w7 iz
A FHEEGE FYURIEA7]7] e Jehte @
Ao 2 d &, o9} 2e] bound rubbere @7}
a5Fe) B EAd £ ¥FS AAsE QAR
Table 59 Uebfigle ™ bound rubber §Fe ohg
Al o3 314t}

BOUND RUBBER CONTENT( % )=
(%‘-—LT; T%J—T’V‘) %100 (4)
¥
Fig. 2¢l&= 7HE 849 % H&o g bound

rubber & Yehligled 84 023744 3
28 @2 bound rubber ¥ Z7}Eo] IA
s ol ubd 2P 023 o)At gt}
A 7K ¢ & = At

Florye 713358 4olel AAAA B840
TN F rlne Aegsisle e (5)A% 2
o] Agtstgic}.

—[In(1-Vio)+ Vot 2 VE] = oVe<M>
(Vif*—2V./c) (5)
Vo 349 A8 $9 TFE9 H3 Bgay
EEdo] E¥d LFEYE F 1FEY Ryjige
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Fig. 2. Relationship between bound rubber content
(Solvent: Toluene, Temperature: 23°C) and
weight fration of carbon black calculated by
equation 4.
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Table 6. Crosslinking Densities of the Unfilled Natural Rubber Vulcanizate

- Sovent | 11y HEP OCT DEC TOL XYL
Classification
Volume Fraction of
0.2911 0.2797 0.2794 0.2913 0.1873 0.1872
Rubber( V)
Maximum 13.10 11.22 9.77 943 8.20 745
=1 5
AMPXA0 )y imam | 559 879 714 6.90 5.08 745
Table 7. Crosslink Densities and C; with Various
Solvents for Natural Rubber Vulcanizates 30
Sample NO. H-1 | H2 | H-3 | H4 | H-S5
-6
CxA07 91 | 135 | 142 | 183 | 215 25
(dyne/cm?) %
- 15
EMIXI0% ) eyl 571 | 602 | 728 | ot 2
(mole/g) g 20p
5
X
7= © 15k
6 b
1.0 | i ]
0 10 20 30 40
5 -
Bound rubber content( % )
T Fig. 4. Relationship between Ci(Elastic Constant)
E and bound rubber content.
iﬁ s 100
N
o [} . o H-1 — 80
A H2 2 300 =
0 H-3 S
1 ® H-4 k| — 60
W s ﬁc, w0 <&
o [ N S SR 5 40
03 04 05 06 07 08 09 7
a0 Eaj 200 P
Fig. 3. Plot of mooney-rivlin equation for natural
rubber vulcanizates. Carbon black content: 150 | 1 | 0
(O) Ophr, (A) 20phr, ([J) 40phr, (@) 0 10 20 30 40
60phr, (M) 80phr. Bound rubber content( % )
Fig. 5. Relationship between tensile strength(@) or

£30] GAYE CE TR F o) (6)4e] s
o FHLUEE ANY}

Mooney-Rivlin %ol mie} 7 x|gle] Q943
& Al L1%E 309 Wil S5stel (7)40)
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rebound( A ) and bound rubber content.
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39 sHEEde] 274 dAkol¥ bound rubberd
YR BN o|4H BYAFE T F e T
T2 ujgoe] Aty W vehs ddo=
229 o714 238 C, (2M) ' Table 7]
vieb odct.

Table 63} 704 & 4= Qi%o] 259 7IZYEE
Az ol o] Fiel e} *11 o 3 et
dbe A& 4§ Aok ol ZF $9 entangl
ment®] 4% °}%E1 xgto] L= ®at ofujzl AA
& Mz Wstslr] fFos A gt

Fig. 491 C,3t& bound rubber §2Fe] wWslo) of
# =213l93, Fig. 59+ tensile strength®} resi-
lience 54¢ bound rubber o] W3l s =
Alstgdet. Fig. 4914 Bz nlel Zo] bound rubber
gago] 26~27%14 7S FATE HstE #EH
4 2%itt. & bound rubber ek 26% olslol A=
Ce %“.}?S]-ﬂl Z718ka 26% o1l dE Col 374
A F7eke A%e RdF3 Stk Tensile
strength®= bound rubber #&gko] 26~27% ==
A Hdgke Jellz 9len resilience A4S
bound rubber #e] 26~27%7A = kg b
£ Bolt}r} 27% o)Al 4] bound rubber XA 7
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