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ABSTRACT: Ratio of static modulus for rubber vulcanizate ( E,,) and static modulus for carbon
black filied rubber vulcanizate ( Ey), Ey/E,,, indicates reinforcing effect of carbon black. In gener-
al, reinforcing effect of carbon black in rubber vulcanizates can be interpreted in terms of effec-
tive volume fraction (V) of carbon black which is sum of carbon black volume fraction (¢) and
bound rubber volume fraction. The Guth-Gold equation, Ey/E,=1+2.5V +14.1V? is well known
as a useful expression for reinforcing effect of carbon black in rubber vulcanizates.
Experimentally determined values and predicted values of Ey/E,, employing Guth-Gold equation
and V based on Wang's equation or Medalia’s equation for carbon black filled natural rubber
vulcanizates were compared. It was observed that experimental values of Ey/E, showed tempera-
ture dependency while predicted values did not. It was found that the V/¢ decreased with in-
creasing ¢ of natural rubber vulcanizates. Thus, we have proposed a model for V/¢, V/¢=a,/d+
b, - CDBP, where CDBP is compressed dibutyl phthalate absorption value, and both , and b are
temperature dependent constants. It was confirmed that change of Ey/E,, depending on carbon
black content could be predicted reasonably using Guth-Gold equation and the equation proposed
for V in this paper in a wide range of temperatures, i.e., -40~80 C.

Keywords: natural rubber, carbon black, effective volume fraction, modulus, temperature, bound
rubber.
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Table 1. Formulation of Natural Rubber Compounds with Different Carbon Blacks (unit : phr)
\ carbon
J\:)lacks 0 N220 N330 N550 N660 N774 N990
materials
.SMR CV60 100 100 100 100 100 100 100
carbon black 0 16 36 56 76 20 40 60 80 25 45 65 85 25 45 65 85 28 48 68 88 30 60 90 120
zinc oxide 5 5 5 5 5 5 5
stearic acid 2 2 2 2 2 2 2
IPPD* 15 15 15 15 15 15 15
wax 15 15 15 15 1.5 15 15
sulfur 05 0.5 0.5 05 0.5 0.5 05
CBS® 3 3 3 3 3 3 3

¢ N-Isopropyl- N” -phenyl- p-phenylenediamine.
b N-Cyclohexyl-2-benzothiazyl sulfenamide.
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Table 2. Characteristics of Various Carbon
Blacks Investigated in This Study

DBP CDBP CTAB
carbon black absorption absorption 2
(cm¥/100g)"* (cm¥100g)'6 (m'/g)

N220 114.9 96 113
N330 101.1 83 80
N550 124.3 82 42
N660 93.7 76 34
N774 70.2 65 29
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Figure 1. Pliskin-Tokita plot for natural rubber com-
pounds filled with different carbon blacks.

Ao] 3218 9sle] EF A wo] g% A7} 3 um
PAtz7) o)ide] Aol EAIL UA oo U8
nFE F A 288 JsE GE 002 /188 F
Aok 12|z ERE JHEEY W FH 1TAL
o] YAl A=l vkn BEA f #ch
HA (goS/1—¢)ol dsle Afa FFs &4
W FAde] 7177t HEE 3 AE
R FAZ Ao BE FHREIY g3 AFnF
27 4.5nm~7.8nm Axe|x Fig. 14 7]&
717} Wstehs 540 2RE ddEe vlelzto] 7h&
By g Sl adet 71&v], F AdaTe A
7} Bashe AEE HAT. o|ohzle] JHEREHe &
gteto) Fogtel wel AYPnF-o] FA7E AAA
@3 gadte AL JHEEHO] aggregatelt EE
FHEEY T} 71280 F3lE R A" A
(agglomerate) 7te] }azgo] F7istd Ffrdhs
AGnTEo] Bolx|7] HjEo g Bo|y o] s}y
A AT g AT

Fig. 201 N220 712899 ¢ wWe BHE
&9 ¥ (Ey/EE €= W3l tisld Yehid
. oA7|M Egst Epe 747 FtEade] A€ 7}
o) By &w Fuf I ] G&E @
. Eg/Ege 7t 2500A ¢oll thste] 23 a4

r

B
e
o
£

600

¢ 3

P
o

8 U T T

—m— Experimental values at 80°C
—e— Experimental values at 50°C
gl —A— Experimental vaiues at 25°C
—w— Experimental values at 0°C

—&— Experimental values at -20°C
—¥— Experimental values at 40°C .

g | - Eq. (4) and (5) 7Y
W 4F - Eq.(3)and (8 b
-
. /
w >
L -
0 L : X

0.0 0.1 0.2 0.3

Figure 2. Comparison of experimental values and
predicted values based on Egs. (3) and (5), and Egs. (4)
and (5) for E;/E, of natural rubber vulcanizates filled
with N220 black.
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Figure 3. Comparison of experimental values and
predicted values based on Eq. (3) and (4) for V/¢ of
natural rubber vulcanizates filled with various carbon
blacks at 25 C.
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Figure 4. Comparison of experimental values and
predicted values based on Eq. (3) and (4) for V/¢ of
natural rubber vulcanizates filled with various carbon
blacks at -40 C.
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Figure 5. Changes of a, and b, depending on temper-
ature for natural rubber vulcanizates. Regressing of a
and b, vields a,=4.68x10*+93x10°*T () and
b,=2.018x102-6.0x107°T(C).
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