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ABSTRACT

The purpose of this study is to examine the effect of rubber-filler attachments onin-
organic filler contained NR wulcanizatic.

The results of this study showed as follows. The reinforcing properties and damping
values of the vulcanizates in the elastic region showed strong relation with the filler ch-
aracteristics and temperture,

The vulcanizates filled with nature-activated inorganic filler like silica had higer elastic
modulus and damping values than the vulcanizates of nature-nonactivated inorganic filler.

The reinforcing effects of differential filler loadings on NR raised the effects with tem-
perature rise, but the damping values varied with the filler characteristics and temper-

ature variations.
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Typical analytical test

Characteristic
& composition

Si0,(%) 97.2
H,0 combined (%) 2.8
Particle collected in sieve, 80 <5
mesh (%)
Loss on ignition (900C) (%) 13.0
Specific gravity 1.95
pH (5g/100cc) 6.5+0.3
Humidity (2hr, at 105C) 8
Table 2. Properties of clay

Characteristics

Typical analytical test

& composttion

Si0, (%)

Fe,0,(%)

AlLO, (%)

Ca0(%)

MgO (%)

Humidity (2h at 105C)
pH (5g/100cc)

Specific gravity

Particale collected in sieve

325mesh (%)

51.5
3.3

43.1
1.4
0.1
0.6
5.2%0.3
3.149
0.0

Table 3. Properties of calcium carbonate,

light
Typical analytical test Character.istic
& composition

CaCO; (%) 98.1
Humidity (2hr. at 105C) (%) 0.26
Particles collected in sieve, 0.1
325mesh (%)
Loss on ignition(900C) (%) 42
pH ( 5g/100cc) 8.0%£0.2
Specific gravity 2.58

Table 4, Properties of calcium carbonate
(coated with fatty acid)

Typical analytical test

Characteristics

& composition

Specific gravity

Particle size (#)

Loss on ignition (900C) (%)
pH

CaO content(%)

2.55—2.57
0.08
45
8.7—9.0
54.1

Table 5. Receipe for NR compounds

Filler
Silica | Clay | CaCO; coated | CaCO,
Material
SMR 5L 100 100 100 100
Zine oxide 5 5 5 5
Stearic acid 3 3 3 3
Sulfur 2.5] 2.5 2.5 2.5
MBTS 0.6 0.6 0.6 0.6
Silica 0-50
Clay 0-50
CaCO, coated 0 ~50
CaCoO, 0-50
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Table 6, Elastic modulus (G”) values for inorganic filler filled NR vulcanizates with temperature
sweep mode
(Unit : dyne/cem?)

Temperature (C)
Grade (phr) —80 —60 —40 -20 0 20 40 60 80
Recipe
Non filler 0]1.82x10"° | 1.81x10™|2.98x107 | 7.52x10° | 4.21x10° [ 3.57X10° | 2.73x 10 | 2.02X 10* | 1. 78 x 10°

10{ 1.92x 10" | 1.89X 10" | 3.78x 107 | 8.38X 10° | 6.32x 10° [ 5.01X 10° | 4.06X 10° | 3.46X 10°* | 3. 13x 10*
201 1.98x 10" | 1.96x 10" { 3.96x 107 [ 9.32x10° | 7.45% 10" | 6. 41X 10° | 5.63X 10°* | 5. 12X 10°* | 4. 86 % 10"
CaCoO, 30| 2.21x10° | 2. 17X 10" | 4.21x 107 | 1.01x10° | 8.94X 10° | 8.04X 10°* | 7.43X 10* | 6.97X10* | 6.63x 10°
40] 2.37x10° | 2.36% 10" | 4.63x107 | 1.64x 10" | 1.02x 10" | 9.89x 10° | 9.51x 10° | 9.12x 10* | 8. 72 10°
50| 2.63x 10" [ 2.60X 10" | 4.87x 107 | 2.67x 107 | 2.26x107 | 2.12X 10" | 1.96x 10" | 1.78X107 | 1. 26X 10’

10 1.93%10" [ 1.92x10° | 4.36x 107 | 8.76X 10° | 6.76X 10° | 5.42X 10° | 4.51X 10° | 3.97x 10¢ | 3. 84 10°
CaCO0, 20( 1.99% 10™ | 1.88X 10" | 4.84Xx 107 | 9.63Xx10° | 8.06X10* | 6.98X 10° | 6.07x 10° | 5.81x 10°¢ | 5.53x 10°
(Coated with |30 2.23x10° | 2.20x 10" | 5.28x107 | 1.52x 10" | 9.42Xx 10° | 8.86x 10" | 8. 16X 10° } 7. 73X 10¢ | 7. 36 10°
fatty acid 40( 2.39x 16" { 2.35x 10" | 5.87x107 | 2.23x 10" | 1.53X 10" | 1.32x 20" | 1.02X 107 | 9.81x10% } 9. 42> 10°
501 2.67x10"° | 2.65X 10" | 6.91x107 | 3.18X 107 | 2.97x 10" | 2.88x 10" | 2.75x 107 | 2.38x 107 | 196> 10
10{ 1.94x10™ [ 1.93X 10" | 5.51X 107 | 9.47X10* | 7.03x10° | 6. 12X 10° | 4.59X 10 | 4.01x10* ) 3,92>10°
20| 2.11x10° | 2.09x 10" | 6.82x 107 | 1.93x 10" | 8.85%10° | 7.38% 10° | 6.53% 10° | 5.95% 10¢ | 5. 81> 10°
Clay 30{ 2.25x10™ | 2.23x10™{ 9.04X 107 3.94X 10" | 2.01X10" | 1.02X 10" | 9. 48X 10* } 8, 84X 10° | 8. 54 10°
40| 2.41x10" [ 2.30Xx 10" | 1.17x10% | 5.86X 10" | 3.87x 10" | 2.63X 10" | 2.34x 107 | 1.99% 107 | 162> 10/
501 2.70X 10 | 2.69X 10" 1.96x10% |.7.42X 10" | 5.72x10° | 4.83X 10" | 4.48x10" | 3.96X 10 | 3.43% 10’
10] 2.06x 10" | 2.05x 10" | 7.01x 107 | 1.37X10" | 7.82x10* | 6.48X% 10° | 5.43x10°* | 5. 11X 10° | 4.94x 10
201 2.32x10° ] 2.30X 10| 9.13x107 | 3.63X10" | 1.12x10° [ 9.01x10° | 8.04x 10} 7.26x 10* | 7.26> 10°
Silica 301.2.56x 10" | 2.55% 10" | 1.04x10* | 5.42x 10" [ 3.05X10° | 2.36% 10" | 1.62X 107 | 9.94% 10° | 1.04 10"
40| 2.74x10° | 2.73x 10" | 3.12x10* | 6.96X10" | 537X 10" | 4.17x10" | 3.63x 107 | 3,21x 10" | 3.36x 10"
50| 2.96x 10 | 2.90% 10 | 4.36X 10 | 9.74X 10" | 8.43%10° | 7.49% 10" | 6.77X 10" | 6.13% 10" | 7.03% 10"

Table 7. Tan & values for inorganic filler filled NR vulcanizates with temperature sweep mode

Temperature(T) . Dapi
GradeGhy) | -100 | -8 -8 ) -2 0 ) 40 60 ) e
) peak
Recipe

Non filler | 0 |3.22X107 | 3.49% 10" [ 8.80X 10~ | 9.87x 107" |9.18X10°" | 3.48X 107 | 9.21x 107" | 7.65X 10" | 7.28X10°* | 7.51X 107* | 2.98X 10
10 [3.24X 107 | 3.51x 1077 | 8.78X 10 | 9.85x 10" |9.16%10°* | 3.52x 107" | 9.72x 10* | 8.38X 10~ | 8.00x10°* | 8.19x 107 | 2.94x10°
2013.27X10* | 3.54x10°* | 875X 10°F | 9.83x 107" [9.13x107" | 3.61x 10 | 1.03x10°* | 9.03x10°* | 8.91x10* | 9.21x 10°* | 2.91x 10"
CaCO, 30)3.32X107" ) 3.58X 10" | 8.73X10°" | 9.80x 107" [9.11x107* | 4.12X 10" | 1.63x 10" | 9.62x 107" {9.55X 107" [ 1.04x 10 | 2.87x10°
4013.40%10 | 3.65x 10~ | 8. 71X 107" [9.76x 107 [9.09x 107" [4.32X10 | 2.01x 107 | 1.38x 107" | 1.39X 10" | 1.89% 10" | 2.84x 10"
50 [3.49%10°* | 3.71x10° | 8.69X 10" [9.74X 107 | 9.07X 10" | 4.45X10°* | 2.59% 107 | 1.89X 10" | 2.02X10°* | 2.63X 107 | 2.82x 10"

103.25X107 | 3.53x10°* | 8.77x107" | 9.84x 107 |9.15X 107" | 3.72x 107" | 9.85x 10" | 8.59% 10 | 8.26X 10 | 8.45% 10 | 2.93%10°

CaCO, |20[3.28X107" |3.55x10 |8. 74X107 | 9.82x 107 |9.12x107 [ 3.94X 107 | 1.35x 107" }9.37X 107 | 9.16X 107 | 9.47%x10°* | 2.90X 10"
coated with |30 {3.36X 107" | 3.59x 107" [ 8.72X 107 | 9.79x 107" [ 9.10x10™" | 4.34X 107" | 1.75X 10" | 9.81X107 | 9.75X 107" | 9.84x 10" | 2.86X 10"
fatty acid | 4|3 43% 107 | 3.67x 10" | 8,70x 10" | 9.75x10° | 9.07%10* | 4.48x 107" | 2.35% 10" | 1.51x10°* | 1.68x 10 | 1.53x 10°* | 2.83x 10"
50 §3.50X10°* | 3.74x 107 | 8.68X 107" 9.73x10" | 9.05X 10" [ 4.76X 10 | 2.83x 107 | 2.16X 10" | 2.37X10°* | 2.76x 10 | 2.81x 10"

=3

=]

302




RS MRS

3 KRBT mgEseel REgb =18 MRl P

Table 7.

(Continued)

Temperature(C)

—10 -8 —80

—40

-2

0

i

40

60

80

Damping
peak

Clay 30

8.75x10°*
8.73%10°*
8.71x107*
8.68x107*
8.66x10™*

10 3.26x10°?
2 |3.29x10°
337X
40 |3.44%10°
50 13.52X10°

3.594x107
3.56x10°*
3.60x10°*
3.68x10°*
3.75X107

9.82x10™
9.80x10™
9,77 107"
9.74x 107
9.71x10°

9.13x10°*
9.10x10°*
9.08x 10
9.05x10°*
9.02x10°*

3.87x107
3.98x10°*
4.42x107
4.56Xx 107
4.82x107*

9.97x 10
1.41x 107
1.85x10°*
2.46x10°°
2.89x10°*

8.74x107
9.46x10°*
9.82x10°*
1.60x 10
2.26x107*

8.37x10°?
9.26x10°*
9:81x10°*
1.75x10°*
2.43X107

8.50x10°
9.55x10°?
1.48x10°°
2.23x10°
3.04x10°t

2.92x10°
2.89x10°
2.85x10°
2.82x10'
2.78x10"

Silica 30

3.63x10°*
3.71%10°
3.79x10°
3.93x10°?
4.06x10

10 [3.43x10°
20]3.48X10°*
3.56x10°*
40 (3.68x10°*
50 {3.76x 107

8.63x10*
8.57xX10™*
8.52x 107"
8.47x 107!
8.44x10°?

9.69x10™"
9.63x10™"
9.54x107
9.48%10™"
9.35x10°!

9.49x10°?
9.60x10°*
9.80x10°*
9.88x10*
1.09x10°

3.97x107
4.51x10°*
4.63x10°
5.62x10°
6.73%x10°

1.46x10°*
2.44x10°
3.77x10°
5.78x10°*
8.10x10°

9.4x10°
1.78x10°*
3.79x10°*
5.78X10°
8.50x10°

9.39x10°
2.81x10°
4.59x10°
6.74x10"
8.72x10°

9.73x10°
3.49x10°
5.26x10°*
7.8%10°
9.39%10°*

2.73x10*
2.62x 10"
2.51x10°
2.13x10°
1.97x10°!
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