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Silane Coupling®| fEA{LZF (1)
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Fig. 1. Schematic chemical bonding between different
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two materials by silane coupling agent.
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Table 1. Typical commercial silane coupling agents

Silane identification
we  SE DG Name Organofunctional End — use polymers
group on silicon
- - 2-6032  Vinylbenzyl cationic silane CH=CH-NH-CHCH, Polyesters, DAP, alkyds,
~NH(CH)s— polyethylene, cross-
linked polyethylene,
thermoset polybutadiens,
polypropylene, EPDM, EPM
A-12  KBC1003 2z—6082  Vinyl—tris(2—methoxyethoxy) silane CH,=CH-
A-174  KBM 503 z-6030  Y—Methacryloxypropyltrimethoxy CHy Phenolic, epoxy, melamine,
CH,=C - COOCH,CHoCHy e, gl
polycarbonate, polybenzi-
A-1100 KBE 903 26011  y—Aminopropyitriethoxysilane HeNCH.CH,CH— madazole,urethane, EPDM,
polychloroprene, nitrile
A-1120 KBM 602 z-6020 N-—p-—(Aminoethyl—y—aminopropyl HoN CH,CH,NHCH:CH,—
tri methoxysilane
A-186  KBC 303 B~ (34—Epoxycyclohexyl) ethyltri O'Q Epoxy, phenolic, polyvinyl-
methoxysilane CHyCH,~ chloride, cycloaliphatic
epoxy, urethane, epich-
lorohydrin
A-187  KBE 402 z-600  y—Glycidoxypropyltrimethoxysilane Cﬁz}:ﬂCHzOC}bCHzCHz_ EPDM, SBR, NR, polychloro-
A-189  KBM 803 z-6062 y—Mercaptopropyltrimethoxysilane ~ HSCHCH,CH,— prene, polysulfides,
A-143  KBN 703 z-6076  y—Chloropropyltrimethoxysilane CICH,CH,CH>~ polyvinylchloride, epich-

lorohydrin

blend 3= 78tV 3} R RE | o] 3 ik pla-
stic®] #MEtERE M LS AR A fon,
nw 3 2o eiM = AR HEBREST dE B
o, q_' 13~15)

A3l 41+ silane coupling®ie] T8 E4]
uk-go Ay F2 7lestnzt g,

%19 Al #silane coupling®l] organo functio

nal group® 5&H polymers] whsiA ielvigich,

2. Silane coupling®| FEFE S
Ppoll 21 L F-o) #haR
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kol &R A A= e EERTERL E
HuHAl =glen #3) REMQ EERHEENE *
BB silica, calcium carbonate, glass fiberS &
g olch. 28y o] FMEMI= carbon blackel
vl A Hingtko]l VA3 WejA 7] e 12
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Silane Coupling®® B tft 51,
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gEakEl & 4 23 cacass #8542 nylon, polye-
ster = steel 5ol 23 @A B BEE
£ 4 9tk

v 254 \EEME e SEk B
E7F % —gavels Bigst  MAke) HHEE
E&538e W A7 pEsLs £EE R
sl 53] HBY HE Bt Fule] Fo
A< W TEB wEhRe T 5 2ok FEA
FRERN = B R oFAHAW® #M
RS KRIEY SEHE TEVR P EEHE
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Bo) FEAIS FREH/ R TRHE $HRolx &
mERT FoEE KM LFEEN KRB 3%
F= Rl ol HRE WHEX 58 Fole
RhRo) 2| ut FIEM Bl A L T-o A= iR Soll 2 &)
Wo] Fojxls Aol —M AHE HIRS
2A ZEgle] A7I7|% 3t ade BEXR &
ETA= R Jehi7] o Fo EEHRE
A7Zrsiz] ko obdlr)

TH BERTER A o8 T/ TERE
I5-ol BE&3teEtE °]E 5 carbon black Al
G5l Halte BREl QoA 1, it EEREH: ©)
dolA& 5 2B E wstEe] AAe|ct®

o1 Tl A I Rl 7} wEEME-S B
Utk & 4 glen 84T o} FEE Kimate
LRSS kel BT Fmhes dA3)
F L2714 B}l carbon blacks] A$-£% £&
SRS FIHSlY REBAAMY (FRES &

#r3t4 aldehyde, carbonyl, carboxy, hydroxy, hyd-
roquinone, ester, lactone ¥ unsaturated bond -}
Felx i glovt oA 7bA] oW 3 X 27
LSS MaEHRIY HEESS AR o
e JE8d 27 g #HfEeld Silicad
ZA$-E? silanol, siloxaneZ®} 2 fEHEI &
AF x| gt 71ele] EEAFTER AN A= 155 T
LB G 249 5 e fFAEs /A=A
dom Ao LBK S NEM S XKHES et
a2 A sich. webA EERFTER FAAE si-
lica”} 714 #sdtko] +53ick & 4 <Qlch

#29l€ silica 9 silanol”]& trimethylsilo-
xanel 2 R sle] RS methylZE=2 #EI 73
5 A HEREEE Jebidch

Table. 2. The effect of surface treated silica on the phy-
sical properties of SBR?

RMERE
Blank
25% I HE 50 % HE
Mooney ¥5E MS—4 55 34 23
53R (kg o) 246 268 225
300 % Modulus (kg i) 63 44 40
PR (%) 580 600 580
M (Shore Ay 70 65 60
5|38 (kg / o) 44 41 4
Bound Rubber(%) 255 217 0

Curing conditon:145C X 60min

F20) 4] &< e AT o] RES methylE =
wEst sIEMEY A% KHEE BE7A B
pnsht 312455k = W4 s =3 bound rubber$
Bo) @A sten o] A5 RmEHEA 28 A silica
¥Fot L% matrixol & HBEM] FEFHD
St = [ L= A5 silica A silanoli& 9} 25
Bxpolel WAEEAS Astsle ARE PR
e}y o &olat & 4 Uch?  &H REREH
24 silane coupling®lE ©]-4-3t FHEEI} mat-
rix7te] (LRSS MRA7E s 2o o
Z7 271 Aol 7hsske HRE HEHR =3
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2]} couplinglell <] ¥ FHEE 2HE = poly-
mer7t 2t fEEC] Wl JEs ook v —ig
fe® IFo A3 FTEHBS) WWPR K AMLE
e sulfur 2882l 739 mercapto, amino
%E 2+ silane coupling®l7} B3I @BRALY
58] 79 vinyl, mercaptokE ZHe coup
ling®l7t B#se)?

x3e JBERTRBZA  days: EAT
EPDMell &% o}& 52 fFHEE 2He silane
coupling® & EA& W< o HHEEMLE et

Folle 77 o} @59 silane coupling®iel
ol silica® XEEEHA SBRel AL 49
Mg Jehiidd.

73, 4914 &4 Sl v} o] & KIE systemell
FHAE T coupling®E A 8= 2ol Fo389 ofw
7339l = control sample®l ¥I#hA ol Bl
7} dojRlcy, =3 fifEERENe) M LRI R

Table. 3. The effect of silane coupling agent on sulfur
crosslinked EPDM%

Vinyl Amino Mercapto

Control -silane -silane -silane
R (Shore A) 64 66 69 67
EER(%) 480 460 300 360
5 3R5REE(PST) 40 620 1150 963
300% 5| EIEH(PSI) 325 530 1,150 914
Tension set(%) 20 16 5 10

Cure condition 320°F X 300min

Table. 4. The effect of Silica surface treated by silane
coupling agents on the physical properties of

SBR?V

' Control MethylAmino Vinyl Methaert Glycid
-silane -silane-silane -silane -silane
Mooney KK 168 8 139 166 107 86

(ML~4: 100%)
300%5|MEH(MP2) 4.9 37 48 52 52 52
73R8 H (MPa) 188 192 192 212 197 189
ThERE(%) 620 620 600 630 580 580
BB (Shore A) 73 6 7 75 6 72
BaEREEC) 49 42 38 38 3¢ 33

Cwre condition 149CX 45min
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4, tension set% 7} ETIE 2} o] &9
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Fig. 2. Effect of (APS) on M
APS was compounded on a roll mill
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Fig. 3. Effect of [APS] on v,
APS was compouned on a roll mill.
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Added APS

Fig. 4. SEM photographs of fracture surfaces.
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A A BEHEE o17) 91319 silane coupling
E feliif xEe BB LR felik
#el 5 matrix7te] (LBEAS FE3e F
22 WS MRER/ g glonxs® —
Bl BRS & FHAR BhdE 5 Qo ®

A1A) AlkoxyXe) ks KHE 2% si-
lanolE:$] 4 AX,

NH;~Si (OR)s+3H,0—>NH.~Si(OH)s+3ROH

A22A) SilanolZ ] BikES % KAk
&9 £l
R~ G- C+NH, ~ Si(OH)s+ HO —f —

0 Glass surface
_ OH
R~C~CN~Si — 0 —E +H0
~ oH

F5oll = feli#ii MHE 5mm AE Y
& PE &R # silane coupling®=2 R A
RFLE #4&1t A17¥ SBRel E&4% A% T
#LE Jelsich

Stock Ct= bonding agent® EASA 4L F
©]% R bonding agent®4] hexamethylenetetra-
mine® B4 FE Jehiz, I+ coupling®E

Table 5. Effect of treatments and procedures on

Ts (MPa)
Coupling Stock C Stock R

Agent I 0 m [ o m
None 153 — 209 207 — 212
APS? 171 194 259 223 2.9 251
GPSY 1.70 1.95 2.66 2.18 2.29 2.66
MPS? 158 1.77 2.36 2.30 2.08 2.31
MCC?® 150 145 1.89 1.86 1.83 2.00

Cure condition : 150C X 40min

&) y-Aminopropyltriethoxysilane

b) B-(3,4-Epoxycyclohexyl)ethyltrimethoxysilane
¢) y-(Methacryloxypropyltrimethoxysilane

4 Methacrylate cromicchloride
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Untreated MGF

Treated MGF

Fig. 5. SEM photographs of fracture surfaces.
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F50lA &5 sl AT o] Felidit MAE
BEAA coupling®ls REIF <& TEEE
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coupling#iol 2jsj4 MGF7} ZdAxeljgi 12
BE| @dte] mise AL ¢ 4 k. =
KIS ¢2.2 #%%R7} W= 53] SBR
glass fiberS W#WE A% aminoE & Z+= APSH
epoxyE zHe GPS7H Held #tte viehiiw
RFLS FEY XEMAER/} 4438 AL ¢ &
st

25%0)+= SBRell y— aminopropyltriethoxysi-
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150r[ O A-MGF
A M-MGF 11100
O C-MGF 1000
® NM 1900
100} 800
700
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T.(kg/cmZ)
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Es (%)
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100

vs (10*mol/cat)
Fig. 6. Crosslinking density correlation with Esand Ts
for MGF treated with silane coupling agents vul-

canizates.
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