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Abstract

The purpose of this study is to examine the dynamic properties, especially the damp-
ing and fatigue properites, of NR vulcanizates and to find out the vulcanizate which can
be used as damping materials in industry.

The results of this study can be summarized as follows:

1. In the ODR test, the S~ 2 wvulcanizate was the fastest one in terms of having re-
ached to optimum cure times(t,,) and, with the same formula, when 50phr of HAF
carbon black loaded, the shortest optimum cure times has shown.

2. The S— 2 vulcanizate was the best than the others in the physical properties. In
aging properties, however, the E— 1 vulcanizate appeared to be better than the ot-
her vulcanizates.

3. The results of the RDS test for the NR vulcanization system under the condition

of 0.1% strain amplitude and 1 Hz frequency showed no connection between Tg and the
the nature of the crosslinking system, but 50phr loading of HAF carbon black incr-
eased Tg.
The damping values of vulcanizates in the elastic region showed a strong relations
the damping values and the crosslinking system. The S — 2 vulcanizate with higher
crosslink density had lower damping values than other vulcanizates, and furthermore,
the SH— 2 vulcanizates with 50phr loading of HAF carbon black increased the dam-
ping values.

4. The Goodrich Flexometer test showed that the heat buildup for the gum NR vulcan-
izates was less than for those which contained 50phr of HAF carbon black.
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In particular, the fatigue life of the vulcanizate wijth lower damping values appeared

to be longer than that of the vulcanizates with higher damping values. In the fatigue

test, the increasment of the loading or the temperature, applied to the vulcanizates,

appeared to be shorten their fatigue life.
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, E-1 | E-2 | S-1] s-2| ¢c-1 EH-1 | EH-2 | SH-1| SH-2 [ CH-1 | CH-2
Material

SMR 5L 100 100 | 100 | 100 100 100 100 100 100 100 100 100
Zinc oxide 5 5 5 5 5 5 5 5 5 S

Stearic acid 2 2 2 2 2 2 2 2 2 2 2
Ghrbon black (HAF) - - - - - - 50 50 50 50 50 50
Sulfur 4] 07|13 |16 | 22 {25 [04 | 07 {13 | 16 |22 |25
CBS 3.5 | 35|20 |20 | 06 0.6 3.5 3.5 2.0 2.0 0.6 0.6
| Accelerator/Sulfur ratio] 8, 75| 5 | 1.54| 1.25| 0.27 | 0.24 | 8.75 5 .54 | 1.25 | 0.27 | 0.24
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Table 2, Comparison of cure curve values for gum compounds and HAF 50 phr filled NR
compounds with various accelator/sulfur ratio,

Recipe No
E-1 E-2 S-1 S-2 C-1

Cure value

C-2 | EH-1 | EH-2 | SH-1 | SH-2 | CH-1 | CH-2

Max torque

(1bs-inchy | 143 | 187 | 1811 19.7 | 17.1

17.6 | 31.8 | 33.0 | 37.4 | 38.5 | 33.2 | 33.3

Tm+-2

(min)

18’54 | 17°24” | 16'36” | 16'12” | 15'00”

14187 | 542" | 518" | 500" | 4'36” | 4'12" | 3’4"

Tm+4

(min)

20°54” | 20°24” | 18"18” | 17'54” | 16'34”

16/06// 6/48// 6/ 30// 61/12// 6/ 06// 5/54// 5/ 12//

T so

25'24" | 24°28” | 21'12” | 20°24” | 27°48” [ 26'24” | 9’547 | 9'48” | 900" | 8'24” | 16712" | 15'24"

(min)

Cure rate 430" | 4'04” | 254”7 | 2730”7 | 11’247 | 10°18” | 306" | 318" | 2/48” | 218" | 10718" | 1012”
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Table 3. physical properties of vulanizates.

Recipe No.
 —— E-1{ E-2| S-1| S-2 | C-1 C=2.| EH-1| EH-2 | SH-1 | SH-2 | CH-1 | CH-2
m

Hardness

(Hs) 33 38 39 41 38 39 64 65 67 68 65 66
Tensile

strenght 151 179 189 198 181 185 252 255 266 271 256 261

(kg/caf)
"Ultimate

elongation 670 680 710 | 720 680 690 470 480 490 500 490 490

(%)

100% Modulus

(kg /caf) 5.8 6.1 7.7 | 8.2 6.9 7.2 18.5 | 20.0 | 24.7 | 31.7 | 21.9 | 23.6
300% Modulus

(kg /caf) 12.3 | 14.4 | 16.8 [20.0 15.7 16.4 (135.7 |153.5 [174.7 |190.1 | 161.0 |166.0
Ve (10°*

mole /cf) 1,109 1.368 | 1.537 {1.749 | 1.452 | 1.480 | 3.101 | 3.383 | 3.597 | 3.770 | 3.409 | 3.462

o Vet gledl #MimT EFRANA S-271 7}
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Table 4. Physical properties for gum NR vulcanizates and HAF 50 phr
filled NR vulcanizates after aging for 70hrs, at each aging temperature,

Aging Recipe No. E-1|E-2]|S-1]s-2|c-1]c-2|EH1|EH2|sH-1| sH2| CH-1| CH=2
coundition Test -
items
HS (shore A) 33| 38| 39| 41| 38| 40| 64| 65| 67| 68| 65| 66
States Tb (Kg/cri) 131 | 189 | 186 | 194 | 191 | 185 | 252 | 268 | 256 | 271 | 252 | 265
Eb (%) 695 | 676 | 712 | 721 | 690 | 654 | 471 | 448 | 474 | 503 | 430 | 500
0,
70°C X 70hrs Tba/Tb (%) 98 1 95! 94| 92| 91| 8 | 94| 93| 92 91| 91| 88
Eba/Eb (%) 103 95 93| 92| 89 87| 97| 94| 93| 92| 89| 8
g 9 85
80°C X 70hrs Tba/Tb (%) 97 [ 94 91! 89 | 83| 74| 91| 8 | 8 77| 68
Eba/Eb (%) 102 941 93! 91| 88 8 | 94| 89| 8 | 84| 81| 76
ba/Th (9 . 771 61| 50
90°C X 70hrs Tba/ (%) 95 91 86| 8 | 70| 60.] 87| 8| 79
Eba/Eb (%) 99| 92} 90| 83| 851 84| 92 8| 76| 75] 71| 66
Tb (9 | 67| 65| 44
100°C X 70hrs Tba/Tb (%) 92| 8 | 79 77| 51 42| 79| 72 31
Eba/Eb (%) 95| 87| 8 | 8 | 80| 77| 8| 75| 66! 64| 57| 52
ba/Th (9
110°C X 70hrs Tha/ (%) 721 68| 62| 58 9 71 60) 54| 41 35| 191 13
Eba/Eb (%) 87 | 80| 70| 641 39| 29| 74| 65| 49| 47| 31| 28
0,
120°C X 70hrs Tba/Tb (%) 36 7 4 3 2 1] 25| 22 9 8 5 3
Eba/Eb (%) 81| 40| 26| 24| 13| 10| 57| 54| 30| 29| 10 8
Tha : Tensile strenath after aging
Eba : Elongation after aging
Table 5. Crosslink density of NR vuicanizates with curing system after aging for 70 hrs,
Recipe No,
Crosslink E-1| E-2 | S-1 | S-2 | C-1| C-2 |EH-1 |EH-2 | SH-1 | SH-2 |CH-1 |CH=
density
Ve (10~ * mole /cn) 1.109 | 1.368| 1.537 | 1.749| 1.452 | 1.48 |3.101[3.383{3.597 { 3.77 |3.409|3.462
Ve (10”‘mole/crt) Al 1.082 1.342 ] 1.445}1.618| 1.265| 1.205 | 3.039 | 3.281 | 3.464 | 3.612 | 3.1253.192
Ve (10~ *mole/cf) A2 1.074 ] 1.287 | 1.393 | 1.560 | 1.146 | 1.032 | 2.940 | 3.123 | 3.244 | 3.355 | 2.761 | 2.493
Ve (10" *mole/cnt) A3 1.051| 1.24211.319| 1.481 | 1.031| 0.838 2.806 | 2.903 | 2.971 | 3.050 | 2.205 | 2. 117
Ve (10" *mole/cnt) A4 1.026 | 1.163 | 1.214 | 1.350 | 0.754 | 0.589 | 2.574 | 2.510{ 2.547 | 2.608 | 2.101 | 2.048
Ve (10~ *mole/ct) A5 0.697 0,824 | 0.891]0.974]0.39 | - 2.32312.245]2.327]2.318 | 2.080 | —
Ve (10~ *mole/cnl) A6 0.598|0.7220.681|0.622| — - 2.073|2.083]2.169 | 2. 128 | 2.059 | -
Aging condition ; A1 (70°C) A2 (80°C)
A3 (90°C) A4 (100°C)
A5 (110°C) A6 (120°C)
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Table 6, Damping properties of gum NR vulcanizates and HAF 50phr filled NR vulcanizates.
Recipe No.
. E-1 | E-2 | S-1 | S-2 | C-1 | C-2 |EH-1 [ EH~-2 | SH-1 | SH-2 | CH-1 | CH-2
Test item
Temperature at dzmping ‘
-50 —50 -5 -0 -5 -5 —52 -5 | -9 —52 -5 -2
peak(C)
Damping value at damping peak| 2.90 2.9 2.9 2.9 2.9 2.9 1.00 1.0 1.00 1.00 1.00 1.00
Minimum damping value on
. . . . . . 7.2 3 7.8 7.3
damping curve, (X 10°) 5.5 5.2 2.9 1.8 4.7 3.6 8.1 79 6
ol Aome R ERHO| HA Yelytebn Lo} T= Ao BEo] MibetAl 5o kol WA
ABRER L 100C o) ML) HIE LHe chii 4belel. 2] HAF S0phro]  Fo#t
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BT 11.4C 24 /M 52 BRE v F
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T oo} 22 7AskE vl e}, 2o
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E%L/l RE B M T RSl sl <F 8T
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Table 7 Variation of heat buildup with time of flexing for gum NR vulcanizates and HAF 50phr
filled NR vulcanizates.
Condition : Stroke 0,225 inch, Load 25Lbs. Frequency 1800rpm,
Recipe No.

E-1|E- S- S-— C-
Heat buildup ! 2 1 2 1

C-2 |EH-1|EH-2|SH-1|SH-2|CH-1|CH-2

at 50 (t) 14.2 ] 13.6 | 8.7 7.1 10.2

9.8 2.6 | 20.4 17.0 | 16.1 19.5 17.6

at 100 (C) 11.4 | 10.9 7.0 5.7 9.0

7.8 17.3 16.3 13.6 12.9 15.6 14.1
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Aoz A=}
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= Wiflell SR o] A e Mol K
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B 3 R 8 T LTS s
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BB B o] R Ed EZo] Al
ol £HHE SIS dbol Ik 2887} Bl o
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veb ek
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F Bl A= RARLTol F3l EEERE
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1. ODRolA vebt & m#E%e] HIEmE
e (Too) & INERAER / o] H7h 1.25¢) S—
2 7F 7HAk w2 pnd{RER / # e ot 0.24
ol C-27F 7k =ge}, 2|3 #isT R
o] HAF 7}obd £ 50phr& FEHEIF O 24 i
ER7) iGtE{E=] o] A EMFKRR L I IHGES
(T vz ), DEGERE 7L i ghel,

2. WEAOEEA QoA JREE, 100%
2l 300% modulus, HXBHEEEE = S-2, SH

Table 8. Fatigue life of gum NR vulcanizates and HAF 50phr filled NR vuicanizates.

Test condition (stroke;0. 300inch (stroke;0. 250inch
Fatigue life Load (Lbs) temperature;30C Temperature(C) load;45(Lbs)

frequency; 1800rpm) frequency; 1800rpm)

Recipe No. 30 35 40 45 30 50 70 90

E-1 Time (min) 28.8 18.9 12.7 6.2 24.0 10.6 14.4 5.0
Cycle, X 10* 5.18 3.40 | 2.28 1.13 4.32 3.00 2.59 0. 90

S-2 Time (min) 352.0 | 200.0 76.0 16.8 386.1 | 204.4 61. 1 10.0
Cycle, X 10° 6.33 3.60 1.37 0.31 6.95 3.68 1.10 0.18

C_ 2 Time (min) 145.2 38.6 35.8 13.0 191.8 4.3 35.8 6.1
Cycle, X 10* 26.1 6.95 | 6.4 2.3 34.5 7.97 6.44 1.20

EH- 1 Time (min) 13.0 9.0 8.1 7.0 16.0 10.5 5.6 4.2
Cycle, X 10* 2.34 1.62 1.45 1.26 2.88 1.89 1.01 0.76

SH- 2 Time (min) 175.0 97.2 43.1 13.9 2444 | 1100 48.6 8.2
Cycle, X 10° 3.15 1.75 | 0.78 0.25 4.40 1.98 0. 83 0.15

CH- 2 Time (min) 81.8 37.1 26.3 111 120.0 33.2 19.5 7.1
Cycle, X 10* 14.7 6.68 4.73 2.0 21.6 5.97 3.51 1.28
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