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Evaluation of the Prediction Method on the Ozone Resistance of Rubbery Materials

for Laminated Rubber Bearings

Takanobu Kawamura*, Takehiro Tomira**, Takashi Sunapa™**, Yasushi ABe***,

Koji Funta**** Shinichirou Kumacar**** and Toyoaki MiyaGgawa*****

The strain dependence of the reaction rate of rubbery materials with ozone was discussed on the basis of the
activation energy and the strain energy. The stretched molecular chains of rubbery materials can acquire the strain
energy to be excited to the higher energy level than that of unstretched molecular chains, which results in the temporary
reduction of the activation energy of the degradation reaction. Our theory predicts the spinodal-like transition will
occur for the evaluation behavior of the ozone cracks at the higher strain energy. We observed such transition
phenomena on the rubbery materials for laminated rubber bearings. The ozone resistance of the rubber material can be
predicted by our theory and the experiment in different strain conditions.
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Fig.1 The photograph of the broken rubber bearing by the
Great East Japan Earthquake " .
BY, —RAYREASVGRBRT T TR, STREOIR
FECOFHIi b1ThI TG 2. FLDA Y vk, 34
Sy FNCAAET B R R & A Y DBUSIC X Y 5y
FHOUINAEL D Z SICE VT2 Y. ZORIGIC
D, @ THEENESIINCH S TV 2 ET, ik
BUZEIIIO 20T 2 & T HEB ISR L, 7 T v 7 %
HIZED. LR T, IEMEIOF Y A b,
DB ORE ZEES LAY ORISERE TR < KTF
T5.

INETHLIALNT LAY U ORISIZONTITE S B
JESNTEY, ZORIRESCRNEL 22 SR s h

SRR EE SPR2T4E SH11H Received May 11,2015 ©2016 The Society of Materials Science, Japan

T
* AT LTIEWR) MEHHFEAES T651-0071 4= 7 p o PR HHHT

Material Research & Development HQ., Sumitomo Rubber Industries, LTD., Chuo-ku, Kobe 651-0071.

o (EAILTHEWR) AT VYREEARE T675-0011 Jd) I % o uy

* Hybrid Rubber Products HQ., Sumitomo Rubber Industries, LTD., Noguchi, Kakogawa 675-0011.

sk FEXULS T (B AHEPEITTZER T 949-0393 Sl iRk 518

* Organic Materials Research Dept. Denki Kagaku KoGyo K.K., Omi, Itoigawa 949-0393.

sk A AR ~—7 T 407 (BF) T460-0003 44 = 7 X 6

* NEXCO Technical Marketing Company LTD., Naka-ku, Nagoya 460-0003.
stk TR FEAL T TVAT B XY A MIFFEL S = T615-8540 HUARTTPE I X RUHD KAk
* Infra-System Management Unit, Kyoto University, Nishikyo-ku, Kyoto 615-8540.



254 RS, CE A, RPEECL, B

i, REETSAG, REAI—RE, E)IEE

DOBH LM, TLADIMAY MO THITKEE B 2 S
T3 Y. ZoRERFEKNE LT, IaMEEAY 0
SOSIEA Y RETZ T T, T AMERZT HEIINO
PRI SARGFT D E VI ERFEF DD, — =
DHBHZOT R AL TAY i+ 5 &, EnO
PTHBREL R DITONEREND 7 T v 71N EL 72D
BN+ 2@ H 5 0. b0 Ly F L4 0
FOSICRETOTHOEBEZONTE, ZhETHAY
VBB DR R OB DIFE S TE
TWD Y, F 7RIS ) 2 2 B SR 2 M A TR R Y
A BITONTETERY, FlxiE, Eyring OGS E R
ZU R L7 TH B Zhrukov D Fa TR V03517 5
no.

AG—K‘O‘J (1)

L,(o) =1, exp( RT

Z 2T (oINS oD & & OB, 1 IXIEA T
RrecoRGFHMm, Kl IEHEET. 7272 L 2D Zhrukov
OXNTFIHN 2R 7 V) — T T /e EOFRIN T X <
FoN TS HOD 10 > L gfpic B Ui Fas
WTeuN, Ialt, J1tER ek EIZ B L CiE Zhrukov 2k L
TEFHRRSATE TV AR Y, (BERRICEE L
TIEZ OFFPRUIRIZVCAHARTH 5.

AT, A ERSHERO LI HIRY, 2
DGy & H V2 DRUSHEE OO IR AEM: 2 B a2 5
W LR ERET .

2 HERMER
EFPFITLANFORFEEES A OREE H
WS TREND EARET . B —EAIRR)IGT
WA REICR L CRE EHEA OREITIEFITE
<, RE_HEADOBREZ TR E L THZ D720, K (2)
OE—WOGEER Tk TE S 2.

v =k [O,)° exp[— g?_j (2)

T 2T v IRBUGTEREE, k FEEE B, [O5]13A Y RRE,
RIIH AES, TITMHEE, AG IS OTEMHELo x L
XF—aRT. oAV UPRONE, BUSHREE LT
RE CEHEAEAHASELDITI DT OAY U RRIGT
HEBEZONDD, REIITEROA Y o RRISIZE D
STEY, NEEKa THIESND Z ENMbLATND
13)

Z ORAEN 72— D OIS TEALHEREIZ T L COT AR O
BEAEERTD. TTHTHICOTHPIEMEN TS K6
BIZERTO2WERRICIZRD B 20605, T772b5
BB ARSI VAR =05 L XA VAR ¥ 2V ERTE
B, FNOT HEET 5. 20 Z LIIRISHEDO
FF—RBEIZK L COT RO E L nwZ &
EEWL TN,

BN TRISHTOIRIEICOWTHET 5. 4V AR
FIIMOF DR BIIZ T 7. —J7, 220 FIZEnO
FTHICE > TCOTHERNX—%E 2 DD EATNI
IV bR LF—REBICHD EEZXLND.

I AP TR TR O T AR X 5 55 8o B il
TxAX—EE, X B) oXriciEbsns Y.

w=uRT(A7 + 4, + 4.7 —3) (3)

I TWEIOT AR X—, dIBEERE, 2031k
MOHELE e  ITOTH)VERLTND.
ZDOOTHITF T —=BEIGHTO 5 T #HORE T2
TR SND EGET D &, IR b ¥
—E AN EZoREEN R X5 IKL e
n, X 2 1T @ okrcidsndg.

v=k[O,]" exp[— -

AG—ART@j+ﬂj+zj—3U(©
KBICs Ty s B E T LER RS RAR T

BETDHE, RISHIEL T v 0 RARBI AR

BIOBIER BB 1, 2 (5) T 5.

AG—pRT(27 + 27 + 2. -3)
RT (5)

%(ﬂ)=foﬂnexp[

22T (h(AB LD 1p(0) T E AR T O D L & D
7Ty 7 RN R B BT

Zhrukov OIS HIEILIE T & BLBIESL Tk STk
D, SN TIESE LA T S E B oD — T,
O B2 R — DS I3 2 OIE— I IE O
F I DI LA O T B E ) 72 i NEFE IR D 2 T &
5. LinL, TL0 L9 BRSO AMEE T
bR RS TRV E T S 728, Zhrukov FOJESJIET
HOT AR LF—ZFLRTE TV, & (5) T
Zhrukov DG HIEICKT L, = LHPESFian S8 E H
SNFEOTHZRLF—F2 ANl oTEY,
BWEOTAE CHABERAMLES R EELOND.
F72 (5) TSN TIERLS OT RO E LTl
SINTEY, FLHFR4AEL0EHINS O IS5t
LTERULEZ RV NS EEZNESE S &5
Zbhd.

ELIIEM LT XL —DHEICOT LN ADHE %
H7eH LTERY, Moo EE ik & el L
S TND. —RIZHSBEDIE L = R V¥ —AG, 1 X, %
FEROIE AL S D BRI & 5 BEfff = R V¥ —Ag &
BRI SN2 Ik > THEICA LI RiEA
HZxL¥—yplTRIN, UTFoXTifiansd 9.

AG,, =-VAg+ Ay (6)



SORM I A MR ORI A O THITFROSE 255

Z 2T VTR S NI BERE IR DRRE, A 1TEERE IR D223
RS2 2T . A BEE IR T EE (LR Th 0,
BEfE = 1 L% — (Bl pL ¥ —) BFHRRE L LT,
B AL X =R SN A R HT x L X — L0
B 2D ERTE R N D A Y ) — Z VR~
5.

I U ROSIZBWTE, A (4) ot b= ¥ —
DD HC, ALFSUEDIEHE L= 3L — 03 H B 3
DB R L X — SRS L, O B R0 — 3 R
H T R —66 LT D & B, ASBEEOIEE:
b= ¥ =273 (6) LHLLTNDZ ERnbh
4. ABSYHEEER & OBIED S, R ATE M
WThHY, OFTHZFAF—=NHENTE L TEH L&
bbb,

ZOBERICESL &, Y U RISIZB W TS AR EE &
HRILEHARNBEIN LI ERFHIEND. T72bb,
OFHTFNVF—RHEEEROZ X LF -1 b5
725 LRI TR SOSHEREDN O A E ) — H VI 72 )
IGEE ISR T D LB AL NG, O, HOERAOT
HEBZIZOTHPHMEND &, TNV DORS
AV U &N D EEBICKIG L, KGR E D
HIZEETERIRD. ZORY ) —HZ N R SRS
T, BIEROFHEICHT-2 7 T v 7 BEAE LR
MIIFEET, 77 v 734 CRETES D S B o
Ty BEIHICEE LT, 77 v IELERE— L7
NHELVKRERI T v I ~ERELTHBENES
HEEZLND.

ZOFHNE, FLMEOMAREICIBWT, MWiA
PEIZB W THRRFFARFIINOT % & v 9385 LRSS
FECHDHIEEBERLTWD.

3 =EE
3-1 EFHAR
MRFEH OFRRIZIE, HigiyA > A5 e B2 5T
WAHAF L - THYT T (SBR) L7 X VT TN
(BR) ®7 L RR(SBR/BR R)BL NI AIKE LT

Table 1 Recipe of the rubbers.

Process Reagent SBR/BR NR/EPDM
SBR 80
BR 20
NR 80
EPDM 20

Banbury Silica (VN3) 85

mixer Coupling agent Si69 7

process CB N220 10
CB N330 40
Process oil 10 8
ZnO 25 4
Stearic acid 15 1
Sulfer 1.4 15

Roll mixer Accelerator TBBS 2

process Accelerator DPG 2
Accelerator CBS 25
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Fig.2 The ozone exposure time dependence of the
number density of cracks. The different symbols show
the different applied strains.

a: the normal plot in the short time region for SBR/BR
blend sample.

b: the double logarithmic plot in the whole measured
region for SBR/BR sample

c: the nominal plot for NR/EPDM sample
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Fig.5 The strain energy dependence of the reaction rate
(k:@) and the initial crack grows time (7, : A) for the
SBR/BR rubber.
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Fig.6 The strain energy dependence of the reaction rate
(k:@) and the initial crack grows time (7, : A) for the
NR/EPDM rubber.
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