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Effect of Silane coupling agent and Activator on the Properties of
Silica filled Rubber Vulcanizate

Hae Gil Lee

Department of Applied Chemical Engineering, The Industrial Graduate School,
Pukyong National University

Abstract

Silica is well known eco-friendly material in tire industry by reducing CO,. It is
used as filler in tires for reducing rolling resistance and improving wet grip.
Normally, silica i1s very polarized-material because it exists on surface of Si—OH
and has hydrophilic property so it is very difficult to~be compatible with rubber.
Silica has been commercialized after developments of coupling agent, dispersing
agent and intermeshing rotor type. In research stage, developers investigated
correlation between coupling agent and activator, so they looked into cross linked
characteristic, mechanical behavior, dynamic viscoelastic property, and dispersibility
to find optimal ratio which makes fine material property. When silane coupling
agent, which is| corresponding to 8~10% of silica, was used, the result showed the
most fine abrasion characteristic, heat build up, tan§ 60C. And when activator was
used, the result 'showed  minimal.increase of characteristics compared to coupling
agent but it helped+by prevention of reaggregation silieca which makes decrease of

viscosity and increase “of crosslink density and dispersibility..

Key words : Natural Rubber, Silica, Coupling agent, Activator
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< MEA7I= A2 SBRO
A 12-units =kl Aerieke] s A7 Aol AZEA=E
bis—(3—(triethoxydilyl)-propyl)-vetrasulfide (TESPT)E 7} @o] Al&€3FaL o
1} TESPTo £A43= polysulfideo] 93t ~3x HA So] wrlo]n o] 2l
gty Foll seo] Jjgtoz <13 2y ~:XE WAE] 8 &% Aol F
QAo] BZtxl a1 9it}. polysulfided] €3k ~3:x] WAL Zo]7] 3|4 disulfide
7221 bis—(3-(triethoxydilyl)-propyl)-disulfide(TESPD)E A}&3}7] %= 3t}

Al gtel o 7tgEAA e F2E ZtuRts x5

dojrg] 7] wjtol] ol& BAst7] Sl degk-aF EdAsdAE tEEE-1

7 oRganoel e Bae] AREAAE A&t
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AAA F4E FolAY e dd 28 = (PEQ), dHAZeZ(DEGQ)S # 73t
A %

fl

1e)7h e st HWAt Aol EHe] FHAHT Ae Fol sbuws
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|

Al = diphenylguanidine
]:111,

azo] wjgtel A e A5 WA o] A2 AFHA S JE, A
AstE o]l = Azl o A7t A F, A7 9
7VFERA L] dolu &S] R EU-AE I BEIAR E
obd Ae7t-af S g A A2y i T2 doeRR ¢ AT
3 & FoFgt AAXTS

oj A¥oM= AALF(NR)O He7tE FAARE AHEE AT E=Y =4 3
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1.2 Q479 &4

A7} Azl whel 72 ¥ (humed silica), %2 ¥ (precipitated silica) 2.2 1}
FolAEH EF W OHZI7F &A1t W] OHV & S35 ¢4 2%
= Shal Utk Aegvte FWo] IAFHoln® SRS FaetH, F2H FES T
7159 Fxdd FEnh. FRAFEES TSRz A GEES AT Fio] 4
S A$E 7Fso] Eojxal, WolxW Scorch timeo] Folxth o] §l& FE
filler to filler interaction®] 73] A] E4to] oy YA, FHo] wom UdF9
activator®] 93-S F383lo] filler to filler interactions ZFAAA A4S &7 38

']'O'r
A & S Ao}, dubyg o g =Xo] F7}sHH bound rubbert Akt A€ 7)o
]

-
SR Bad oy A AN2RE 68%9 FES FHAT A Aol A
29 gl B4 F4l7HE AW Aow S dno

13 deistet 7t Y ww

Aelztel sHREae) sat mE 54 Figure 290 2t A@7le AR

gy Ayt 19
577%9 &<

E H
ololl whe} W=y ool EFPL 4R

OH H- _ H,C=CH
TJ’{ B /L OLH 2 R\c_...--c_-_-
L ) Q /C'/
K Ho—X
T—m |
] c Carbon
Siica HOH* | Black
Partide | HG Particle
S—0H

Figure 2. Surface chemistry of Silica and Carbon black.



53 Ael7tg FHE MY nRE Ao Esta Bagel A4 s
S e W Za Utk olsh 2o Aelvbe wRe FBa] s At
o 4A7e AA Hm MEAHL 27 solok svl, EHe Aeks7](Si-OH)
9 254 (hydrophylio M3 Q= 47k A4t 254 (hydrophobic)l L%
MEZ s Afole] we FEHS A A At TUS BA, seH P

Hell &l Aoz Jfdste] Ag7l-a5 sjEg 23 8-S FFA Aok
fcka AAEa ek
AurA el A se} EEde] Fa 54 Ao & Figure 3o ¥lalat ot}
Carbon black Silica
H F 182 9.9
o« 4AA 17~70nm 20%40nm
E9H3E (N2) 20~200m/g 100~250m/g
il 5~9 35~12
isolated geminal vicinal
silanol silanols silanols
H H* H H H
AL f -
il AN W c}\s-
AR A AN AR AR AR
29 d3 A4 Hvdrophobic Hvdrophilic
= 73 Filler to Filler Interaction weak Filler to Filler Interaction Strong
Filler to Rubber Interaction strong Filler to Rubber Interaction weak

Figure 3. Material property of carbon black and

silica.




1.4 Silanization ®F-&
A7t s Aeder S44TFe wy oj=ls| At
7.

=
gt e Asz Azl nEite] BAET S
al
Q.

i
sl
)
rlo
o
ol
ol
Ry
(=

2] 3l A coupling
agent AH8& 3 FW JfE uFE AEs)
drkA o w  arFAbdEokel] EdE A}
TESPT (bis-(3-triethoxysilpropyltetrasulfide) & A}-&3FaL At}

Figure 494 XA svigta Aol A primary raction¥} second reaction®] <oyt
primary reactionZ}oll Al A g] 7t H ] A= (Si-OH)9F TESPTS] ethoxy group
o] ¥Wg3 ethanole] A ¥t second reactione <13 TESPTS ethoxy
groupite] wFg-& F3 F3tEo] ALY

g Aol dojy+= silanization 8- Q3 H2 Ag=Er|E3} FE| ub
o] dojuti FAER AAE= odehzol AAEHM 140~160Tol A ¥kg-o
o] FojAoF s} 14 Al 170 C ol de] A= TESPTY  SH(sulfur)o] 74

A Z7] 7} (scorch)%S 8] TATAES ok 4 3t

&%= coupling agentZ2% 7]l



Primary reaction

?El §—
OH /
- p— CH
Et0 ?. (CH);—S [ e
OEt S N —{CH,),

o S
ok N, /4 o Yo fil

™
OH 0= OH—8, 7" NeH)—s,
OE s— "
Secondary reaction
?H E10 OH
Siso \ —(ct), I "

\

\51'\/ O_Si“oa\s‘ - s"“o\s‘_ \/0_9\-;-{0“93\\3‘

L, P AR m)s'iw_s\

S

process.’

Fmot®

Figure 4. TESPT reaction with silica in



o A= A&3l Wk3-(silanization reaction)o] ¥doji}ar o]& <lsf] WA
Ql & AAE ¥ FrhEAoA Helgtet Ajtst TESPTe &
o] polymer®} crosslinkinge] Aoyttt Agj7te} wkS-3k TESPTSF polymer?te]

cross linking®l &= ™74 <2 Figure 59} #t}.

E0
_—(CH,);~S=§

\
|
\ \ i
7/ S
= / \o\ T
Hip— ///f’ O enars—s
T /S— + | > Silica particle  ~ ?
—_ ""'(CH}),'__S H,C H S‘I\ T /5
o L //o 0—-?\&”1];—-3
/ /o/s\o o OFt
3 S;V
oH g

OH
S

N
/SI\

0 (CH);—S,

NR .

Figure 5. Bonding of TESPT attached to silica to hydrocaron rubber.

_10_



2. €44 (Poly ethylene glycol)
el 7he FhEEdo] Blsgte] tadolar e Ad 54 % Al g

P
o2 FAA EHE opr|Al7IaL vlSAdAId ek kgl E

=QA FHOE 3 g
oA FEAgo] Fasta Auszte]l Aol FaAAE T e 54 W
o, Aol A Hwe] 7 % stwsse] Aste] ofs gyl "ol
A Ak w3 Aelgks AREAA] ZEo] Bojgel wek o] HQA} B
aatd Hm, BANE 9 vAA Hed, olHd A4S WA} Aste] A
gobsh el Ade A L nR dEGs Aeigte] By FAY>
A BHOE AREAAL 7] FAHE AL JAAAE Rol Fasth

AgEAAY 2/1EH dAgyon Az wuel AW 2 AR4e B P

=]
AAE ALgSE ol

=
EN
o,
o
frmt

A=, LU(oil), oFd(zn), wl1vlHF Mg
g = ol (trethanolamine) %+ E2]o€d S 2 F(PEG)Y} 22 A4dS 2=
U7F dass AHERoREAM UFHFEEY 734 H =40l FdE T deEA
AT 19 Figure 6= €yld o8 Al&5H &= g7F ¢3&S YRSl

ol A A= L AFZF(PEG=S A&ste] B4 WHglss Auny
Ab gkt

!

Sorbitol ~—— — PEG HOT\/\OJ-H

—i n

HO H
Pentaerythritol Ethylene glvcol OH
HO™
HO OH
HT
Glwycerin
H T
HO

Figure 6. List of polyhydric alcohol.
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21 ZYdEdA&gE 4

ZEdEd =2 EAFd BE B4 ¥ste 1524 ZEdEd S
Z AEY e B T EAlste FAks | (-OH)oll o8] WAk, A
o] 4,000 ~ 6,00021 #Ho] ul=A s}rHe),
Table 1M+ ZloEB=gF9 1dol=d S4ES YEatath
Table 1. Material property of PEG grade
PEG PEG PEG PEG PEG
1500 3350 4000 6000 3000
3}sh Polyethylene glycol (HO-(CH2-CH2-O)n-H)
Average molecular
) 1500 3350 4000 6000 3000
weight
Average OH—number
Vo = 28 19 14
(mgKOH/g)
Melting range (TC) 43-50 53-58 50-58 55-62 56-63
Density (g/cn) 1.093 1.093 1.09 1.08 1.08

PEG &4t w& 71414

of whel ARF BAAA AGBAL s 1 olge A9 gass AW
2 mavh AwAel BRE 400094 600074 B4o] 4 $etgon whm
EQANE AW JFL melFAth o ;e Aelte] FAR LI
BARE FA%3 FF AVAFHOR 540 dAHe] AFEA IS
F Qo= AZa

_12_
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Table 2. Mechanical properties of silica filled NR compounds with various

molecular weight of PEG

Variables PEG Molecular weight
Properties 2,000 4,000 6,000 8,000 | 10,000
Hardness @23C []JIS] 62 62 61 62 61
Modulus@300% [kgf/cir] 96 98 97 96 100
Tensile strength [kgf/cr] 278 231 285 294 230
Elongation at break [%] 600 595 605 615 585
Tear resistance [kg/eml] 3% 105 129 82 77
Abrasion loss [mg] 49.0 S 38.0 38.5 38.0
Heat build up [C] 16.8 ). 40) 18.2 185 18.6

b2 Qlete] €A FH o] Frlslr] wioE A
Figure 7|4 X
Z7Fske] Wl 0C tanS§ ¢F 60C tandate A stth7E #A42 80000 4 ©hA] =

mw A%e Rtk BRgo] F7hgel wek PEG Azl olgd 1o &
bW meke] @)% Qatel HFAA] witshe] Astelo] FAHY, FaAR
of oa) m¥e} A AFo] FAH o] tansge FolA ) 8oooowo A
g 7] gaR 9l }04 A7t e weAde oAeA o] tansihe
Z7hd Aow AztErhe
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0.14

0.12 -
0.10 1
—— 0°C
—w— 60°C
0.08 -
0.06 - ‘_\'\V\'/
0.-04 I I I I 1
2000 4000 6000 8000 10000

PEG molecular weight (g/mol)

Figure 7. Tan 6 values at 0C and 60C as a function of PEG content for

silica filled NR compounds.
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Carbon
Dioxide
Co,
Effiylene ? Ethylene
CH;=CH Oxide
2 : > Ethylene —D Glycol
o Rga::!ggn Reaction ]
xygen :
0, > =
Water
H,0
Wet Crude Glycols

Drying Dry Crude Glycols

Separation & | == MEG
Purification | === DEG

3 TEC

Figure 8. Manufacure process of ethylene glycol.
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m. 4 ¥

1. 448 A=

o] Ao ALEH F2 A H < Natural rubber, Silica, Process oil, %=3}H%]
Al, 7vEA, 7V A, G Aol theke] Table 201 LERH A

Natural rubberi= QI=UAoE HAnF=A TSR 775 20 Gradedl SIR20
S AbgsEgar, A8 7= EvonikAb Ultrasil VN3GR granule BF]S AF&3H9 o
w, BET WA o] 175 m'/gd WHE Grades AF&-3FSTt.

Abslold & KS#2%, 2HolHAF procss ol I A od, w=IWA A=
TMDG (RD)¢l quinolinedlE A}-&3}<

B oyrte e Asd A AZHA Organosilanes EvonikAte] Si-69S A&
A3, A= Aol 400098 KPX GREEN Chemical*l¢] PEG 4000 A&
st 7Fa Al 2Ele 318 o] 83 Semi-ev cure system= A&l JlnE
A A N-tert-butyl-2-benzothiazoyl sulfenamide(TBBS)$} dibenzothazyl disulfide
(ODM)<= g7 AH& 3k

ol

Table 3. Properties of materials

1) Natural rubber

T 57 M.V(ML1+4) PO PRI (%) Ash (%)
SIR 20 68 32 83 0.3
2) Silica
T 57 SRS pH Si0, &% | BET ¥4H 7%
VN3 GR 55 6.2 98% 175m'/g

_16_



3) Silane

= Average .
I Sulfur content scleciler et Density
S1—69 22.5% 3.70g/mol 1.10g/cr
4) PEG 4000
_ b =g _
T 5 ] ot 52} 2 H| = (180"(:) M
PEG 4000 3800~4200 1.212 90.8cps 268TC

_17_



2. vist AA

i & formulation LA A AZHA Si-69 o wE 18 44 PEG
4000 ol w2 A GFe wr] AsA 27HH WA JHn AAE §
R Table 49 3 A]3FS T},

TlolA To7HA = A& AZFA Si-699 FAdsF= A2l7F 50phr o] 0%,
4%, 8%, 10%, 12% H]l&<21 0, 2 4, 5, 6phr= Y FolAx H7HE F8star, Teol A
T10& PEG 4000 ¥4 %#<S Ophri-8 4phr7bA] @A/ d o2 =oA Hr71E 13
e

Table 4. Compound formulation of different type of Si-69 & PEG

Ingredient T1 L2 T3 T4 T5 T6 T T8 T9 T10
NR 100 100 100 100 100 100 100 100 100 100
Silica 50 50 50 50 50 50 50 50 50 50
Si-69 2 2 4 5 6 4 4 4 4 4
PEG 4000 - i & I - - ). 2 3 4
Oil 5 5 5 5 5 5 5 5 5 5
ZnO KS#2 5 5 5 5 5) 5) 5 5 5 5
Stearic acid 3 3 S 5 = 3 3 3 3 3
RD 2 2 2 2 2 2 2 2 2 2
Sufur 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
TBBS 2 2 2 2 2 2 2 2 2 2
DM 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Total 1728 172 1764 1776 1788 1764 1774 1784 1794 1804
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3. Al A=
2 A o]gH AHS 12 E-H(Master batch stage)d 22 &
(Final mixing stage) W7ol w&stith. Figure 991 = Algl wkalgjo A vt
HA4E 243 12 £do A= §% 1.6L banbury mixers ©|&3to] %7]
T 8T, HF2E 155TE FAstHA F 1027 =dsitt. 15 &2d2 30%
st Ao, ol HAert/29r oFF, LdE I TSt 28 ¢ &4
sk > A7t 129 A AEZHA Si-69, PEG 40002 A FYskar wpx|Ere
Abstotd,  ZHoldAL =3bEA|A] RDE Fste Ad= ABesih

e
(o
it

2ol F3lE9 AAZE Yol 155TC &% FAste 327 A
2 rpmo 2 WAsl £%7} steady state AEjol A HZE Dump 8+ ljr.?()) 12}

=2 Aol 2413 B A8t S22 =44 Ae TRl 27<} =d2 60T
oA 13k wiskE ZhEA, P ESAAE FAst 18 302§ HEZAA A

FHZ g AHL rheometer(Monsanto ODR 2000)E o]-&3sFe] ASTM D 20849
of F3te] 150CAA A3 2™, mooney viscometer (Monsanto MV100)E ©]
&3t 100TCAAM F¢Y AEE ZASIAE. 150CAA Ad 718AI7HS AHES)

o] hot press oA hFAEH o2 AIARS Axdto] =4S SAA
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R& A Fiolil X& 7Fugel = & 4= &5 Zevt. 444

7hg Aol whEl R-Ad 910] = (monosulfide) 9 & 2] 3ol =

A oglth 2y BE JHEA 9 AFEAAC e Fol Jtus FA e

el Aol whEshiE A2 ofynh dREA O R w9 A2 Fe] & = frE &
v}

(free sulfide)2 7F= el AdHA &2 A= F4 do d4d 15 AFS
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n
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Table 5. Mooney viscosity and Cure rate of Compound formulation of

different type of Si-69 & PEG

Item T1 T2 T3 T4 TS T6 T7 T8 T9 TI10

Tmin® 157 114 11 8.8 8.9 92 107 92 86  10.1

Tmax” 412 447 456 438 451 446 475 462 457 473

ts1 6:11 6:01 556 631 550 557 602 557 509 432

£90? 13:55 13:05 13:03 13:35 13:28 13:17 12:36 13:05 1312 12:28

MV 824 (696 / 6744 601 " CIRZNE. 66% O9.1{%453.1 o0 512

a): minimum torque value (lb-in)
b): maximum torque value (Ib=in)
¢): scorch time (min:sec)

d): optimum cure time“(min:sec)

e): Mooney viscisity, ML1+4(100C)(dn - m)
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Figure 11. Mooney viscosity as a function of Si-69(A) and PEG(B) contents.
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1.2 Rheometer
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Figure 12. Delta torque as a function of Si-69 & PEG contents formulation.
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Table 6 Physical property of compound formulation of different contents

of Si-69
Item T1 T2 T3 T4 TH
Hardness” 62 65 66 67 67
Before
Aging s
Ts 225 278 293 271 269
Eb 619 569 549 495 485
Hardness” 65 66 69 70 72
- 34 41 48 58 69
After Modulus
Aging
Ts 130 169 177 159 142
Eb T 388 363 5 249 198
* Hardness : Shore “A

K Modulus : Before aging +-300% Modulus (kgf/cn')
After aging @ 100% Modulus (kgf/cr)

stk Ts : Tensile strength (kgf/cm)

xx%%  Eb : Elongation at break (%)
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Figure 13. Physical property of unaged and aged as a function of Si-69

contents (~continued).
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Figure 13. Physical property of unaged and aged as a function of Si-69

contents.

_33_



2.2 PEG &%d H71 23

3

Table 7o YeERHSITE %

37h A2

AV

=74

71 A A

A A%, 300% Modulus,

)

2l

]

o

5

A=

7}

FAl 125C x24Hr o]t}

&

gAY PEG A -5 was) mw A

EoA KA =

Figure 14 19

= HolaL, Zphr o] del A

=50 o

;gr 7OL

2 Modulus, ¢!

Al A&

ole mEe et

B HATH

FAA =

=3
™

]

%

7} A A

T
) .

FA 5, 2phr o] gl A]

91Th25)

_34_



Table 7. Physical property of compound formulation of different contents

of PEG4000
Item T6 T7 T8 T9 T10
Hardness® 66 67 68 66 65
Modulus”™ 131 133 136 129 123
Before
Aging
Ts 288 289 295 265 263
Eb 543 536 525 543 548
Hardness® 69 70 71 70 70
Modulus”™ 48 51 53 46 41
After
Aging
Ts /2 173 179 158 151
Eb 327 317 304 308 301
* Hardness : Shore A

K Modulus : Before aging : 300% Modulus (kgf/cm)
After aging @ 100% Modulus (kgf/cr)

stk Ts : Tensile strength (kgf/cm)

xx%%  Eb : Elongation at break (%)
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Figure 17. Heat build up as a function of Si-69 & PEG contents.

_41_



70
g
Ell
a

A=A A ez =

s
ki3

.

ob7l+= 58L& wHErAl (rebound resilience) ©] 2

)

ol A & uw 7}

(e}

il

WellA Ao defz Apepxin

il

gl

SH
=4

dA o] &2 PEG

2z
=

Figure 18] A&7

7h2 5 dolvA &

No

ToR

B

o] 3phr 7HA &

sH
T

&3tk PEG

< W]

R sk

o7 dphroll A & A4

S

PEG A}

%o

_42_



65

g

@D

w

C

e

E

2 60

=

c

=3

0 - —

0

QL

o
55 . : .

o 2 4 5
Si-69 Contents (phr)

65

8

QL

w

C

o

g 60 ¢ =

=

=

=3

0

0

Q

o
55 1 1 ]

0 1 2 3
PEG Contents (phr)

Figure 18. Rebound resilience as a function of Si-69 & PEG

_43_



6 4 AaH EA

Figure 192 DMTSo| A A#AZH A et PEGS AlgoutE A &84 Storage
Modulus(E")¢} tan69] 1232 & EFWT

o] HAehd SAQ tanS(=E"/E")S A= 54, vE, 3 d A3 AlF 54 5
o] Btolold] Wi Fo3 S BHI} AAE HAL dH Tge 1579 #t
EAdz DHI} ABAA7 JdoH, tanS= AUA £4S YERE factor®Z
ol =25 duA £4do] AES HEtdd. BE 60T tans= 38 & IHA
&2 (rolling resistance)= YWEIWM o= I Fto] AS4F oyRA £2o] Ao

=
EAgo] Hol e math Wl 0C tanse A9 2& wwAeel A A5S

ko

3]
guiahe, A% Aol oA £48 A 8 FA F A5 L5AUAE B
g Qoo BB o gol-F £3 A% %ol Hojde tehun. dugew

1217} AF8-3H carbon blacks A& uR T 60C tanSTE il 0T tanS<

wobd AuE Re wHol Aol A% Jaol $rAAL Pt Bkl B

fl

A7t AFdez /A polymerek &84 o] oA A 7tE filler= A}
| A484& =017 93 coupling agentE ARS-3ha, ¥4bA FHS 98 &4

T gk

AdAZY A9} A A o skeFd tan§ihS Figure 207229 YE I A @A =

A kel FUMETFE 0TS tand @ -F7kakH, 60Tl 9] tansE &

st AEs Btk ole Aur-AdAZTEA-EH Atold stst AFS A

AR 5 gov o Eelvist BeH AFL s AARRd del des B9
[e=] =
= =

thool= Adrt E4 e wE AdyE ddEv 2phr o] elM = o o

5 EIE wol X ek,

o,
o

_44_



T1

DAB

Figure 19. Storage

_45_

o,
B |
Y
5
N
= = - o
= .
L
h.‘HH‘.h.q"“H""'-lI-H—I-.
= T & ¥ =
el e L= |
2 W AT T = -
-
Material
: Modulus |
Lmw(L0" A0
-
. o A R |
_I-L_,ulus and tané a ction of Si-69 & PEG contents.
dulu: C ] 1
e, -



0.7 -

06

0.5

04

Tand

03 +

0.2

0.1 4

o

-80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 VO T

Figure 20. tan§ as a function of Si-69 contents.

_46_



08 -

Tand

80 70 60 50 -40 -30 20 -10 O 10 20 30 40 50 &0 70 C

Figure 21. tan§ as a function of PEG contents.

_47_



0.15

- & =0C
—|—60'C .
----- -=-=-=----
- ‘- ------ -.* =
* "
‘2
S 01 -
[
0.05 ; . .
0 2 4 5 .
Si-69 Contents (phr)
0.15
-+ -0C
=atllh W W . B fpoc- | &
$---—---- *-
W
S 01 -
-

0.05 T T T
0 1 2 3 4
PEG Contents (phr)

Figure 22. Tan§ as a function of Si-69 & PEG contents at 0C & 60TC.

_48_



7. Morphology #3Z
A7 JdAY] 1F wEH A o] Eabde FAF A dAnld SEM(Scanning
Electron Microscope)Z ©]-&3lo] A|H A o 10,0008 Eoste] #2235

B 7F=]JEOLjil: JSM 6701F rl= SAstA o HAaAZSHEA T=Fe] mE &4
4 H7Y A= Figure 239, PEG 3% 23+ Figure 249 YeER AT

ol Al 45 mF FRAow

=
AolE BT AE AT g B4 3 53E BYn $Fo] T84
A2 7te] HlAF SRAAo] FolSol YAt A4 LE BAHS HAT of

_49_



(e)

Figure 23. Dispersion of silica filled compounds with various contents of Si-69.
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