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ABSTRACT: The effects of carbon black properties on the vibration damping of vulcanized
natural rubber (NR) were studied empirically. Especially, changes of static modulus, hard-
ness, dynamic ratio, loss tangent, and dynamic viscosity depending on the type and content
of carbon black in the NR vulcanizate were investigated. It was observed that changes of
static modulus closely followed trends predicted by Guth-Gold equation for the carbon black
filled NR vulcanizate in case of carbon black of small particle. Rate of hardness increase de-
pending on carbon black content increased on the increase of iodine adsorption value of car-
bon black. Two parameters, dynamic ratio and loss tangent, important for vibration damping
were found to increase with increasing ratio of iodine adsorption value and dibutyl phthalate
absorption value of carbon black. Optimized conditions for vibration damping with carbon
black filled NR vulcanizate were suggested in terms of specific surface area of carbon black.
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918 2452 loss tangentE Eol& o] fEidt
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A 12 (natural rubber)e] Fv]&L tlg IF
o Hla @& Horkf Yukyow mFo| FH|EE
w37 siAE 1) 2X3A $o)4, 2) BAzt 4
sG] A BTl BLY A, 3) EARL ¢
3ol A& A, 4) BAA e Ae] FE A, 5) F
23 3ertw 59 o] a7Hn}S

B AYdMe gRnRz 7P Bl ol&HE
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N774 2 N990& ¥ E3ly ojm yehtes A
SEAL FUAEINM vasden FHEEH
8e=%%7l, DBP &4, @3 dd FH&,

loss tangent, ¥X34&2 #AE LEHUT.
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M E L5018 Y A (ML(1+4), 100
T)7F 60£50]1L, cisggo]l 95% o]l EdolA|
ofib AT SMR CV60& AME3t¥ BTEUA
7o) 21-285nme] 6FF FHEEY (N220, N330,
N550, N660, N774, N990)& 0-37 vol% 714 A=
ZF7He8 sl slEEduit Az e EEHE
ZHA WA A ST Table 134 29 o]& 7}
2ado gz 9 SEEYY B3 H4AE Y
Rt 718AlE 70% AXe  monosulfide
crosslink& Z= Aoz Bugu™ Q&= Karld
Al (efficient vulcanization)& Z &3l o 7]El
FELS FUE FEFL A3

it ¥ 74k &L 1.7L Banbury Mixer
(KobeA}, Japan)$} 273 8inch open mill (¥A1%
7], §Z)& o)Ll ASTM D3182 % D31929)
wa} 38359 h>° Torque rheometer (Toyoseiki
A}, Japan)& ol&3led w713 1R 7EEALE
ZAFSH The 160 CAA 90% 1B =2A L T4 7t
Fslo] AlgHE A st

EMEX, 713189 ZAx = IRHD (international
rubber hardness degrees) tester (ToyoseikiA},
Japan)2 2X3Qt” AFEHE DVE V4
rheospectroscope (Rheology A}, Japan)E o] &3}
10Hz, 23 CAlM %7] 10% H¥A ) FHAGHE

Table 1. Formulation of NR Compounds with Different Carbon Black

(unit : phr)
carbon
blacks| 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 28 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* 1.5 1.5 1.5 1.5 1.5 1.5 1.5
wax 1.5 1.5 1.5 1.5 1.5 1.5 1.5
sulfur 0.5 0.5 0.5 0.5 0.5 0.5 0.5
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. Physical Properties of Rubber Grade
Carbon Blacks

carbon 9™ pBpA No

black adsorption (cm¥/100g) I/D  manufacturer
(g/ke)

N220 1225 114.9 1.35 1.07 LG Chemical Ltd.

N330 79.7 101.1 1.27 0.79 4

N550 43.1 1243 1.21 0.35 "

N660 34.3 93.7 1.14 037 "

N774 29.3 70.2 0.94 042 "

N990 11.2 40.1 0.70 0.28 Cancarb

¢ ASTM D1510.
b ASTM D2414.
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Figure 1. Schematic description of dynamic mechani-
cal tests employed: (a) dynamic stress and (b) strain
component.

Ys |~

Table 3. Equation of Vibration Parameter
Under the Test Conditions

E = F/r,
E*=A4F;/dryx /A
E,=E = | E*| coséd
E”= | E*| siné

loss tangent = tan 6 = E"/E’

dynamic ratio = Ey/E,
Note ( E:modulus, F:force, y:strain, I:initial length of speci-
men, Alcross section area of specimen, subscript s and d:stat-
ic and dynamic).
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Figure 2. Static modulus ratio (Ey/E,,) versus vol-
ume fraction of carbon black(¢) of NR vulcanizates
filled with different carbon black. Symbols denote ex-
perimental values and lines denote predicted values by
eq. (2).
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Figure 3. Hardness (IRHD) versus volume fraction of
carbon black (@) of NR vulcanizates filled with differ-
ent carbon black.
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Figure 4. Changes of the parameter, A,, depending
on iodine number of various carbon blacks.
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Figure 5. Dynamic modulus (0.4% DSA) and static
modulus versus hardness (IRHD) of NR vulcanizates
filled with different carbon black.
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Figure 6. Relationship between dynamic ratio ( E;/
E,) and hardness of NR vulcanizates filled with differ-
ent carbon black at 25 .
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Figure 7. Relationship between loss tangent (2.0%
DSA) and hardness of NR vulcanizates filled with dif-
ferent carbon black at 25 C.
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for carbon black of NR vulcanizates.
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