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Abstract— Physical properties, friction, and abrasion resistance of foam rubbers suitable for tread compound of snow
tires, “Foam Rubber Tire”, were investigated. Natural rubber(SMR-CV60) and synthetic rubber(BR-01, Cis-1,4 po-
lybutadiene) were mixed with a blend ratio of 70:30. Foam rubber vulcanizates having various degrees of foaming
were prepared by varying the content of a foaming agent(UNICELL AD # 2, azodicarbonamide). Young’s modulus and
fracture energy of the foam rubbers gradually decreased with increasing the degreg of foaming, whereas Tan 8 stayed
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constant. Frictional coefficient of the foam rubbers considerably decreased on a smooth glass surface, but increased
on a rough surface, as the degree of foaming was increased. A cross-over of the trends on the frictional coefficient
occurred at the degree of foaming of 30~40%. When the test temperature was decreased from 25C to 0T, frictional
coefficient decreased on the glass surface, however, slightly increased on the rough surface. Th degree of foaming
showing the cross-over, therefore, lowered to 20%. When a magnesia powder was applied to the contact surface, the
frictional coefficient generally decreased, and it was found to be higher at the rougher suface, regardless of degree
of foaming. The wear loss increased as the degree of foaming was increased. Regular ridge spacings were observed
over a relatively low range of degree of foaming. However, somewhat irregular wear pattern and corresponding wear
debris were observed above the degree of foaming of 30%.

Keywords : Foam rubber, fracture energy, Tan §, friction coefficient, wear
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Table 1. Compounding recipe for the foam rubbers

(Unit : phr)
A = 1st Mixing  2nd Mixing
SMR-CV60 70.00
BR-01 30.00
N-234(C/B) 55.00
Aromatic Qil-2 10.00
Structol-40MS 3.00
ZnO-S 5.00
Stearic Acid 2.00
Kumanox-13 2.50
Kumanox-RD 1.00
Paraffin Wax 1.00
MOR(NBS) 0.90
Sulfur 1.80
Unicell AD#2 0,2,4,6,8,10W3F

chemical Co., Ltd)& *F8-8}5ic}. 27} 4= carbon
blackg! N-234(Lucky Material Co., Ltd., Korea), &1
3} A (softener) 2+ Aromatic Qil-2(Aromatic 40%,
Paraffin 27%, Naphthalene 33%, Chonkwang Uwha,
Korea), Homogenizing agent+= STRUCTOL-40MS
(Chonkwang Uwha, Korea)s 7}z Al-&-3}oir). =3
Z3A 2} 3} WA A 2 AM-F= Zn0-S(Sambo Co.,
Ltd., Korea)$} Stearic Acid(Pyonghwa Chemical Co.,
Ltd., Korea), KUMANOX-13(Kumho Monsanto Co.,
Ltd., Korea), KUMANOX-RD (Kumho Monsanto Co.,
Ltd., Korea), Paraffin Wax(Japan Oil, Korea)52 3
7Faksiet.

2zl el A85 ARZE slwEzAZ MOR
(NBS, Dongyang Chemical, Korea)¢} 7} 2 gro-
und sulfur(Seikwang Chemical, Korea)& A}-4-3}4i
o} a2eja dEAZE N2 azodicarbonamide
24 a7} 135 +5C¢l UNICELL-AD # 2(Do-
ngjin Chemical Ind. Co., Ltd., Korea)E A}-&-3}oicth

2.2. v EH{mixing)

1z} il A= SMR-CV603} cis-polybutadiene
(BR-01)-% 70:309] H] &2 120CE §-A3}x 9= A
% A& 0O-type Intensive Mixer(Yaskawa Electric, Ja-
pan)oll 91 40%2%9r &3t 3 carbon blacke
7bskodek. oF 13 20% Fof 1zpwfdtelES ¥y o

A Egstedch Dbl gel 228 $47-e 63o0]9]

frih Al 79 A 13, 1995

o FREEE 90T AHEEF FA52 gl
Al A4 mill roller(Farrel Corporation, USA)E o}
£3to] 38-59F YA(milling)dh F oF 1x]7kgek A
2o WA} ch

1A -5 ofA] o 28 FoF gk 3 2z))
b FodsHA Esksic) 22 A<l UNICELL-
AD#2% 0, 2, 4, 6, 8, 10phr2 77t wgksleich 2
ulglel]l 29¥ FA|7HE 8H-oldch wigkeAe
ASTM D3182¢} D3184% =z stich. wjgtn=el &
&2 Table 1] vjeh ek

2.3. 7H&Hsulfur-crosslinking)

W gz F-2] 7132712 Rheometer ODR 2000E
(Monsanto, USA)E ©]4-3}o] 7}3-2% 3l 145C ) A}
23l Aozt AAsilon sk
20+-0]dch 145CE F-=I3ka 9l 7F3H 2 2 (Hanil,
Korea)2 A| & 7}8stsich 2 A5 8 phr o] &
3 WP TRl vlaA Al Y-S xe
atoleh o] 22 WyE HAs}sly| $js) x7)o 25
ton®] §tH& 7}ska 30 Foll 5tono 2 W¥io] 7}

Zatsict

2.4, Y (density)ZH

Alde FAME F43 F U7} 0.79 g/cml
ethyl alcohol(Duksan Pharmaceutical Co., Ltd., Ko
rea)§Al 4ol 2]Ho] 2k31s] A7A & F TAMY
£ tHAl A o] W AlHe] UE(n)e oS4
& o]43}e] AHYsisch

2.5 wxnfo| 8M4HI|

¥ 779 Young's modulus= 20 mm 7+A9] %
717738 AAZ 75X6X 1.5 (mm) F22] A Hol| o
g} stress-strainF 419 27]7] &7 28] A s}
ol &3 crosshead °]54 5= 2.0 mm/seco]d]
o} ¥ 7o EHEM S Qualimeter(Gabo, Germ-
any)E o]83te] —80Tal4 70C7}7] 2] L= Y
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Normal Force(N)

ﬁ Steel Cylinder

; Frictiona]l Force(F)

Foam Ruéber

(Thickness : 1.6 mm) o

77077

Friction Surface

Fig. 1. Schematic diagram showing measurement of
frictional force for the foam rubber on vari-
ous frictional surfaces.

ol ZAslgdnt o] fo] Pz 2= 2C/mime)
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2.6. OpH (friction) AI¥

W) wpaE A Hrkek] g wpEAEA
g AAsdck APAX Y Fagoze FHo
RPMe] 175041 DC motor(Myungsung Electric Co.,
Ltd, Korea)g #asle] AAR vlngzl &7}
0.14 mm/secell 4 2.95 mm/sec7}A| 7V EE d19ich
et vhEE S 2517 8 220N 35S 7
i )+ load cell(Interface, Inc., Model SM-50, Ja
pan)S §-#slelct ohEH L flatbed3 9] recorder
(Rikadenki Kogyo Co., Ltd., Japan)Z load cellel] <1
Aste] FAlol| 7|BEEE &) A&E-97]00 4]
nhaE e npdd & X 244X (Myungji Industrial,
Korea)Zrol| 2] 8o} ZA3stgich AH2a o] vlaav)
(friction sled)r}tel] 2] 7o) 50mm¢] cylinder3 2} A
HA AP 5 Bzbslr 75X20X 1.5(mm)e] HETL
Al 8- ok A 29] Scotch tape(3M, USA)ZE =] =] o]
2&s}edc}. Stick-slipg | 43}38}7] 93] Kevlar(Du-
pont, USA)A1 2.2 w}a4e)Z free rollerS A 90°
W$ako 2 load celle] dAstA) vl vl
7} ohRd A SHolEATe A s on]
o]& Fig. 1] Yehf et

updel i3t 229 g 17) 98 0T} 25T

80
601 6]
0
° 4
& ° 9 8
3 @ 6
20 S 0
o(J od ﬁ 7? A ¥ € 1 i L) v
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Amount of Foaming Agent(phr)

Fig. 2. Relationship between degree of foaming(Dy)
and amount of foaming agent(phr) for the
foam rubber.

(XA} £10)el A 747 Agsted o
HaE v & A2k 5% F
F AgE AEElen. npEEwe] AdS
33kg Hohslr] Yaf oe] e Ewe R,
Mo o) Adg HEsh % dnbAel mesh
#1200(M-1200), 185 w2y ALLAHEs} Z o
vtz el mesh #60(M-60)& whade]¢]ol a3t} 7
7+ Adgdsteich v Ede] ZdouvAzt B Tef-
lon M= whAH S ZA3eck o wpEEH
2}l magnesia®-2HKanto Chemical Co., Inc., Japan)
< A4, vhRAYS FAsA L 1 FE v)msly

o}

f1 o
o

shdH e Az e s vl vjney £
+ 20mm/seco]{i AlHel] 713k £2)2-2 69No)
ott. Glasse} Teflond] wpEEH-L acetone -S4 &
) Aguic} G F Agsig]on wpatiyo] odnf
Al 745 o) At} Y23 AnpA R A ste] A
it

2.7. O}% (wear) A1

uby 1.79] npR 2.0 BS9039]| 273} Akron ab-
rasion tester(Myungji Industrial, Korea)& o] &-3}o]
H71sbgdek 7] AME w2 Ew e 3ol No. 4
61t} F419] A Aol 15mmel WH7=L 7=
Ut 9%3(AA: 66 mm, F: 13mm)9] A)HE
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Fig. 3. Scanning electron micrographs of cut-section
of the foam rubbers mixed with various amo-
unts(phr) of foaming agent.
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Fig. 4. Relationship between Young’s modulus(E) and
degree of foaming(D,) for the foam rubber.
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Fig. 5. Relationship between Tan § and degree of foaming
(Dy for the foam rubber at 0C and 25C.
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Fig. 7. Frictional coefficient(u) as a function of deg-
ree of foaming(Dy) for the foam rubber on
various surfaces at 25C.
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Fig. 8. Frictional coefficient(u) as a function of degree
of foaming(Dy) for the foam rubber on the

surfaces dusted with magnesia powder at 25C.
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Fig. 9. Frictional coefficient(p) as a function of degree
of foaming(D,) for the foam rubber on various
surfaces at 0T.
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Fig. 10. Wear loss(W,) as a function of degree of
foaming(Dy) for the foam rubber, using the
Akron abrasion tester.
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(0 ph)

Fig. 11. Scanning electron micrographs of wear su-
rfaces of the foam rubber mixed with various
amounts(phr) of foaming agent.
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M : weight of foam rubber
M : weight of foam rubber in liquid
p :density
p. :density of solid rubber
pr :density of foam rubber
p. :density of gas in the foam rubber
D; : degree of foaming
G, :tearing energy
F: :tearing force
t :thickness of testpiece
F :frictional force
N :normal force
u : frictional coefficient
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