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ABSTRACT

The purpose of this study is to investigate the reinforced effect between MGF irea-
ted silane coupling agents and rubber matrix under the configuration chemical bonds, also
the effect of triazine thiol compounds.

For this study, wvulcanizates were prepared with fifteen different compounding formu-
las. Their vulcanization characteristics, physical properties were examined by means of
the ODR (Oscillating Disk Rheometer), the tensile tester, the benzene swelling test.

The results of this study obtained are as follows:

1. In-the ODR test, the MA vulcanizate was the fastest one in terms of having rea-
ched to optimum cure time(ty) and, with the same formula, when MGF vulcaniza-
tes, the shortest optimum cure times has appeared.

2. The SA, SC vulcanizates were the best the other in the physical properties such
as 100%modulus, 200%modulus, 300%modulus, tensile strength. The SB vulcanizate
with higher‘ density of crosslinking than other vulcanizates. The vulcanizates, which
were filled with MGF treated with silane coupling agents we were the higher density
of crosslinking than vulcanizates filled with MGF only.

3. In aging properties, the silica vulcanizates appeared to be better than the other )
vulcanizates. The aging properties of treated MGF vulcanizates were similar to the’
silica vulcanizates. The (CR+APS+silica) and (CR+APS+MGF) were easily cro-
sslinked by exposure to the air, and the physical properties have been improved.
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2.1 WERMHE

CR (Chloroprene rubber)2 DENKA Chlo-
roprene M~40(W type) & AF&3F9ix, F2#
#H B Se T¥ ()% HANISO HM series
o] JF¥ fine fiber & INZL BEEslod (A3
Silica HWHMLE (FF) B zeolex —23% B8}
9iv}. silane coupling#) 9] y-aminopropyliri-
ethoxysilane, y-mercaptopropyltrimethoxy-
silane @ y-chloropropyltrimethoxysilane -
AA FEBTHE Kk HE BEAETS A
star, slERS] LY-EERN-S MRS TR
ok otk

2.2 WEBKEB ¥ WEAA

2.2.1 MGF (Milled Glass Fiber) 2| 85

Glass GBS # S5mm zZ+2 2 Fel4 Ball
mill (Spex IndustriesBl) 2 # 4B Bt
of. MR BH S BrEsl Yl MGF o} A&
B o)Lkl BEkh BEAR kol 1BH
Flod 1285 # T #ol vaccum oven Pyol| 4
HWEE Tl 70C, 248§ &Ested MGFE A+
c}.

2.2.2 MGF¢2| y-aminopropyltriethoxysil-

ane R

Silane coupling#[3) 7y-aminopropyltrietho-

xysilane 0.5% K&K S k&3 o] KB 100
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2.2.3 MGF<| y-mercaptopropyltrimetho-
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2.2.6 BHEFE

Toll A 24hr fn#k #iste] MPSER M-MGF
T A4

2.2.4 MGF &} y-chloropropyltrimethoxy-

silane gRIE

v-chloropropyltrimethoxysilane 3.0g(0.01M)
4 2.2.33 2L HHo2 CPSERE C-MGF&
Agieh.

2.2.5 AE &5
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T RET Yol 30T ERAKME oA 7265
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Table 1. Compounding recipes for CR vulcanizate (phr)

Sample name A- M- C-
. NS |NM [ SC [MC | SD | MD | SE | ME AS | AM
Material MGF | MGF | MGF
CR (DENKA M-40) 100 |100 {100 {100 100 (100 }100 {100 100 100 100 100 {100
MgO 4 4 4 4 4 4 4 4 4 4 4 - -
Zn0 5 5 5 5 5 5 5 5 5 5 5 - -
2-mercaptoimidazoline 05| 05| 05 05| 05| 05| 05| 05 0.5 0.5 0.5 - -
Stearic acid | 0.5 0.5/ 05! 05| 05| 05| 05| 05 0.5 0.5 0.5
APS - - 1 1 - - - - - - - 1.5 15
MPS - - - - 1 - - - - - - -
CPS ) - - - - - - 1 - - - - -
Silica 30 - 30 - 30 - 30 - - - - 30 -
MGF - T | =Tso [ -3 [ -13] - - EEE
A-MGF =1 -1T-1-T-1T-T-1w - S [
M-MGF - -1 -1-1T-1T-T-1T-1"-"1TH= - [ -1-
C-MGF -T-1T-1T-1T-1-1-1-71 - - s | -1 -
3. BR Y EE = upo}3ro] silica BEA MEFR S &K torque
+ MGF @& m#EREY o & 3¢ Jepix
3.1 mnEEEe o ¥ SEINERR 2 o T jnFEFB+ silane couping® BLA
BE | MR R R torquert ek,
CREKEE A HEEES frelialtel A- ODRdl| vtElv= torqued| b fnH o] A
PS, MPS, CPS E#&, silica ¥ MGFE * FElE SoF 79 EEFEST Binste mod-

5k RHLE Bshel ODRZ 150C BEelA i
M Q1 o] AL Fig.1,2,3] vyebgich.
150C ol 4 ¢] CRINER+ % Figured4 X
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Fig. 1. Comparison of cure curve for silane

counling agents compounds with silica
and MGF filled CR curing system. cure
temperature: 150C,
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Fig. 2. Comparison of cure curve for post-tre-

ated MGF with silane coupling agents
filled CR curing system. cure tempera-
ture: 150C.
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Fig. 3. Comparison of cure curve for APS com-

pounds with MGF or silica filled CR cu-
ring system. cure temperature: 1507C.
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I Fduel] A ksl 2le| 2o silane coupling i 2|
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g IEFR S Aol oA Fig.20l4 vehd
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Fig. 4. Crosslinking density correlation with E,
and T, for silane coupling agents com-

pounds with MGF filled CR vulcanizates.

Table 2. Physical properties of CR vulcanizates
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Fig. 5. Crosslinking density correlation with E,
and T; for MGF treated with silane
coupling agents vulcanizates.

\ Sample No ' A- | M- | C-
- NS | NM SC | MC SD | MD | SE | ME . AS | AM
Test item MGF | MGF | MGF
Hardness(Hs) 62 57 70 55 56| 52 59 55 58 56 59 54 } 52
Tensile strength Ty(kg/m?) | 284 99 | 293 100 | 220 102 | 253 149 131 132 142 | 202 97
100% modulus M, (kg/em?) 15 23 26 22 20 25 45 31 15 15 15 21 26
200% modulus M ;4 (kg/cm?) 36 63 66 41 45 35 65 63 26 21 22 49 40
300% modulus My, (ke/cm®) 67 84 | 126 65 9% | 56 | 124 81 50 45 45 77 57
Elongation Percentage E3(%)| 812 410 555 428 504 313 688 568 | 575 575 610 |. 567 401
Crosslinking density -
1.521| 1.312 | 2.864 2.214|2.446|2.160 [ 2.733 | 2.555 2.396 | 2.399 2.421 ] 0.799| 0.671
V(10 mole/em?) . .
Permanent set elongation ' : :
E, (%) 9.2 5.4 9.3 5.8 [12.4 | 1L.1| 81 7.9 2.3 2.8 3.5 | 25.4¢ 22.7
p\/0 .

FIEFRCl FAME 4 E = Fig. 45} Table 2
o] eyt upepzto] SC-SE-SD-NS¢
= Bol=, FIRBE (T,) v MLT FHERe 74
7} 7}AF = silane coupling®| A& 2 7

= NS-SC-SE-SD¢ JES Roli g
HEHBE 7 S5 BlERME ) HEXR(E,
o] Zrt: XL ¢ 4 91o= modulus A4

2 7A3kE Bo|i gt 2@y 100%modulus
g} 300%modulus®] HE HEY <) HEEE#
BIE7F 2 MERLTE modulus®| thr7t ZA|
el = BRESE BEFEZ ¢ nEEc
k= 5l-& = entanglement® A= o] g+
G o] wlzel o] BEHE L T mEEE o}

Bebe g ¢ 4 glek
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e
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Variation of T, for silane coupling ag-
ents post treated and compounds with
MGF filled CR vulcanizates after aging
at 70C.

Fig. 6.
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Fig.7. Variation of v. for silane coupling ag-
ents compounds with silica filled CR
vulcanizates after aging at 70T.

Table 3. Physical properties for CR vulcanizates after aging at 70

Recipe No. A- M- C-
Aging con. ) NS NM SC MC SD MD SE ME
Test item .MGF | MGF | MGF
Ts(kg/cm?) 284 99 293 100 220 102 253 149 | 131 132 142
States Es(%) 812 410 555 428 504 313 688 568 | 575 575 610
Ve (10 *mole/em®) | 1.521} 1.312{ 2.864 | 2.214 | 2.448 | 2.160 | 2.733 | 2.555 | 2.396 | 2.399 | 2.421
Ty (kg/em®) 256 81 308 92 222 81 266 125 130 148 147
70C X 48hr| Eg (%) 797 420 515 423 497 295 657 571 535 565 600
ve (10 *mole/cm’) | 1,645 | 1.211] 2.912 | 2.160 | 2.672 | 2.154 | 2.899 | 2.502 | 2.529 | 2.487 | 2.619
Ty (kg/cm®) 248 76 310 89 227 81 274 122 123 139 131
70C X 72hr | E4(%) 822 425 507 492 469 315 633 593 545 587 615
Ve (10 *mole/cm') | 1.487 | 1.204 | 2.917 { 2.109 | 2.841| 2.111| 2.904 | 2.351 | 2.235 | 2.198 | 2.415
Ty (kg/cm®) 241 75 295 82 190 81 199 122 117 140 121
70C X 96hr| Ez(%) 835 432 535 445 480 364 653 601 583 592 | 568
Ve (10" *mole/cm®) | 1.231| 1.193 | 2.894 | 2.027 [ 2.662 | 2.092 | 2.797 [ 2.333 | 2.171 | 2.145 | 2.784
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Fig. 8. Variation of v, for silane coupling ag-
ents post treated and compounds with
MGF filled CR vulcanizates after aging
at 70C.
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Fig.9. v, correlation with E, for silane coup-

ling agents compounds with silica and

MGF vulcanizates after aging at 70C.
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Fig. 10. v, correlation with E; for silane coup-
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after aging at 70T.
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MGF ¢ ZfbhsfHEol =& k%] ke M-M
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Table 12] APSES (y=1.5)% {#fsled
T mEE ﬁ%%ﬁ?"ﬂ w3 HEBLE
9. BEOE-2 10, 20, 30H ol E®R
BE« % 25C ok BRI Bt RHE
o] YIS Table 4o %% Veb Siet.

CREFAEANA REHZ FHA= MgOsh
Zn0E Fi&slA g APS=ul A MEEs
KEH o BEHM ol #7HA <2l HEM %
He #bE vebigicl. ARRA BB, 5%
M 3 300%modulus= AS >AME] JHE
e G.on, REFEE BEUKHA o= A3}
= s gleh. AR E SRR o Bl whek
300%meduluse} B RHMELT 7= goH, ol

£ APS/t KRBT kol A HEET TS
o] WEM WH S BLE sHA A sgen 2
R AW B SNEE, SIRME, 300%modulus
74 @inE ek K BEMEC) 308 AA=9
< o) M-S MLT mER M A2
W £3 RS b g

4 B B

& BB A+ o W &R T
BRI WS TS MTRES 25 FH
o) HEMERA KT LBH FE JEAA w2
FEfAE 7 A kg Chloroprene -5 iR
o WEMERE MEAZ BNeR BEY #E
5EREHE (L.=30.4um, d= 4 um)dl] silane cou-
pling B2 KRt dojal LS BS
3 ER S MEEE 2 HEY EES B
et

=3 APSEA CR KEEBHE AFP B
FTro 2 A APSol k3 BEBRES Hadst
o oh&3t 2L iR sl

1. ODRell vehd % MR @WIEMER
] (too) = MGFxiE e APSE & BEFRS MC
74 7R w2 s MGFELS #EERE AMo| 73
L@}, 28| X silane coupling R#E MGF =
S MGFx o} fxk torquegto] ol I
IEnERE o] ket

2. WEM HEN dAT FIRBE, 515k

Table 4. Properties of atmospheric exposured of CR

Test
value e . . . .
) v (10" mole/em’) Ty (kg/cm’) Es (%) Mg (kg/em®) | Moo (kg/em®)
Exposure Recipe
time (day) No
0 AS 0.799 202 567 21 77
AM 0.671 97 401 17 57
10 AS 0.964 210 685 24 85
AM 0.670 98 411 19 59
20 AS 1.297 247 730 23 84
AM 0.745 98 477 20 64
20 AS 1.974 251 765 25 91
AM 1.498 99 501 24 67
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