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In recent years, various actions for saving resources and energy have been taken and the demand for a

contribution by tires to saving energy has become higher. In order to achieve energy savings from tires, the

reduction of rolling resistance, which is one of the resistances against driving force, is very important.
In this article, we review the trends in the field of coupling agents and report on the performance of newly-
developed carbon black coupling agents for energy-saving tires.
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Hysteresis Loss = Visco-elastic behavior of rubber
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Functional groups for NR
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Functional groups for CB

Functional groups for CB Spacer Functional groups for NR
-NH2, NHR, NRiR2 -(CH2)n- -S-SOsM (H, Na, K, Li, Ca, etc)
-Ph-OH, -CH20H n=23,4,56,9 -S-SO3R1(NH4*, NR4*, etc)
-CO2H, anhydride -Cyclic -S-SO2R2(4-Me-Ph, Et, etc)
-Isocyanate -Aromatic -Sx, (-Sz, -S4), SH
-Epoxy -(Ph)- -Olefin
-Olefin -a, f3 - unsaturated carbonyl

-etc.

-etc.

B Screening of NR/CB coupling agent
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FTHERC, BT - BR(LANIZNRS T8I < HE L
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MEAR L, §Hiz 2 ) —=v 2 %47>7- (Fig.6).
ZORSE, 1REHIE 2 2 ) — = ¥ 2 TR DA IR
PERE & /R L 722184 (SUMILINK®100/200) % B %
ft&e LCGEEL T (Fig. 7).
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2 i LREC% 4% % (Fig. 8). Table 1/ZSUMILINK®

Polymer
Filler
etc.

|

Process A
Sulfur s
Mixing
Accellerator @150-186°C
]
v

Process B
Mixing
@70~100°C

.

Process C
Vulcanization
@140~180°C

‘

Rubber Products

for the tire
PG Processing steps
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(\/ ) Functional group for NR

O Functional group for CB
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& %789 .,) SUMILINK®100/200% —fi%#J = NR/CB
BlA St (Table 2) IZA®IRMT 5 Z & T, BREME
HAKRELSWHEINDL Z L0057 (Table 1),
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Effect of SUMILINK®100/200

Control ~ SUMILINK®100 SUMILINK®200
tano@60°C 0.105 0.084 0.078

111528 Recipe

phr

Process A
NR polymer 100
CB (N330) filler 45
Zinc oxide accelerator activator 5
Stearic acid accelerator activator 3
6PPD antioxidant 1
SUMILINK®100/200 Lo
Process B
sulfur vulcanizing agent 2
CBS vulcanization accelerator

0.14 -

Ifur:1ph
012 | SHHUrARAL

sulfur: 2phr(Control)

‘ sulfur: 3phr
B SUMILINK®100

tano@60°C
[=]
IS
T

0.08 - SUMILINK®200 4

0.06

10 12 14 16 18 20 22

Modulus M300 (N/mm?2)

BEEEEN  Comparison with sulfur variate
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EokbavET bOMERD S, SUMILINK®
100/200 % A1 L 72 R12T, IRREICPUE 36 & UFPaynes)
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11 CB type used in tire components

Tread Belt Sidewall

CB type N121(20), N220(22)  N330(28)  N550(45)

(') : CB mean particle size (nm)
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Ratio of tano reduction vs Control

tand@60°C (SUMILINK®) <100
tand@60°C (Control)

=100 -

IEEEEN  Effect of SUMILINK®100/200 in CB type
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(Fig. 8, Process A) 125\ C, PayneXR DKk &/ v
YRIN—ORMBARENTED, CBOMKIZ/ Y v
F 3= 5- LT B afREERIg b, Fig. 13
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SUMILINK®2001= DWW\ Tid,  Fai O HIbNE % 4 L
T3 (Fig.14).

1S Behavior of bound rubber and Payne

effect
SUMILINK®100 ~ SUMILINK®200
i d
Bound rubber increased 'mc'rease

significantly

Payne effect of decreased decreased
unvulcanized rubber slightly significantly

Payne effect decreased

. decreased Lo

of vulcanizates significantly

Bound rubber (insoluble in toluene)

Density

Hardness Hard <& Soft

Mobility of Low & High
polymer chain

BEEEEE Model of bound rubber

B &

o ®
8 Mixing process %
Dispersion @
£58 %
Agglomerates Aggregates

BEEEEN  Hypothesis of CB network
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CB agglomerate Bound rubber is CBis drawn out
formed. with rubber by
taking a share.

_ B9 . ®9
S ©

CB agglomerate is crushed.  New bound rubber is formed
of the fresh CB surface.

IEFEIE  Hypothesis of CB dispersion effect by
SUMILINK®

(i) s L2 (Fig. 8, Process A)IZ¥% W\ T, SUMI-
LINK®200 & NR¥ & UNCB & AMULFE SR & L <
BMHEERTSZ XD, Ny Y F I =Bk
- HE I NS,

(ii) B2 —=&37 Y FIN—DIEAG AL, T
LIS Y RIZRAMB 2 BEE, R ~v—IZ
5155 5, CBOEHEHEIMEIT LR < 55,

(iii) I S 7= CBEEHEBL RN H 77/ v F T3 —
DI E L, CBAHRIE D iR B o

(iv) B4 L 7228 ¥ F 58— 25, hiik T./% (Fig. 8,
Process C) TOCBOEHEAIIHITE Z &2k D,
MIE# 2 5T 8 CBO /T HURRED HERS X . f5 1
ELCHEBBEMEEAA T T LTSV R ek
%

k. (2) OCBMZHT 2RO R % LA OHEE
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DIy b7 =2 &S 5728, CBAEGIRA /N X L
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Vulcanization 8330 o 00@

process o

o
o
— oo
Flocculation (9}
2 g@
(o3

Network
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EDOBERERT, IRAERBL T2 D LHEHIL
TW35,
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NR/CBEARIE, 24 Y 2ZFCldn<, BifkT 4l
SIAKTH I NTH D, PRI 2 OFRFHE L LT
KBS, Sk (Be 270 v 2aR) RENRET
b, BfFE LG BEEk (Kd) Liffida
BB (Ks) oleThy, X () (TRTRicnT, &
ERENPUED L D F D HBRIRGFENE L 55
FE. BRPHRFECTH 5 Z & 2K, BIfFEUGE
OPERFE & Uik, CBIRE. MEHESNET S
N3N, ThEhEEMET T 5, WEPER BT 3
EZOMEAZTED, LT 7a—FiRkdoh
T\,

Dynamic elastic modulus
(High frequency)

Static elastic modulus
(Low frequency)

1)

Dynamic-to-static modulus ratio =

ZZ7T. ZNETONR/CBEIARTOMREIZT, &
WSS & 5 2 72SUMILINK®100/200(= W C, BifR=
LR 217 > 720 Z DOFF 4. Table 512/8 L
7o BB ZF ) ¥ 28 2121355 DD, EWEE=R
BEERNR AR U 7o, fEREM & 13 D | i & i 24
PRSI 2 BB RohanwZ 26, (KREIEEL
DHLWFERELTHEYTHHEELENSE, /20 M
Wi DECA NG U 72, SUMILINK®100/200 % iy y45 F
IZOW T MET 24T 572, Table 5IZ/RL7=2& 912,
SUMILINK®100(3. Bi#AF{E M2 Tk & 2 CBAT )
RAERIEL, MR ZOES TIZSUMILINK®10000
HIWKELIRMGEN, —F, HEED 0
A Tl3. SUMILINK®2000 /5 A5 A% TRl R I3k =
WEWSHFERTH - 72,

1R Effect on dynamic-to-static modulus ratio
of SUMILINK®

sulfur/accelerator Control SUMILINK®100 SUMILINK®200

2/1 1.36 1.29 1.34

0.3/2 1.44 1.43 1.39
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ZENTEDZLEWE LK ST,
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D EOCBBEI R %15 6 L 2 IRIAI O 72 1 Tl
O HLnwrFa—FIo k2 HREL. SEREbEEl
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OEMRLDO = — X122 7= 2 B, SISt %D
TWE 2,
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