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A7 ARZAA A7bgo] e lgnTe) AT Vo] uW Pz} HAYAE ZAISKIH Methylene
acceptor?] resorcinol formaldehyde resin(RFR)2 0ol|4] 4 phr, methylene donord! hexamethoxymethylmelamine(HMMM)
£ 041 Sph7}x] W7kE k2 A Sh) ARsiAc). RFR3F HMMMe] 3718 2304 71945t meixx A
=7} Jolxleh. RFRe| &3 H7M2phr) si LTl EEe|ae Folalont, A7FRke] WolA (3 phr) EEeAE
sejo] Yotzth F AriAle] Fagw)ol whet QA7) dalge] Fetich. 1Y 249 Hste FAIF A7HAA 4
M A1 3 HES) 27} i o) WlAe) 42 2 A4 Ez 49 4 ek AN A% E %=
=9} A2 AL RFR¥ HMMMe| 371 25elA] dgkent, 893 Al 3 AL =t vbd 37ie
ul7h ) A ) AvbeE AR Eelo) AshEch 445 AAEAAZ} whgskel WAAR F9lol HEr}
2 FAEE YA AR 29 o] 5¢ dARlER ARdsr} mexe Ao AYE F Ul JHE R
dlahAE HMMMe] ako] 2, AaaAelt 2% S4€ ¥A1%9 57l 2 RFRS) o] AhA.22 Zck.

Abstract— The physical properties of rubber compounds and adhesion characteristics with brass-plated steel cord were
investigated with the loadings of resin promoters. Resorcinol formaldehyde resin(RFR) as methylene acceptor was loaded
from 0 to 4 phr, and hexamethoxymethylmelamine(HMMM) as methylene donor from 0 to 5 phr. With loading RFR and
HMMM on rubber compounds, cure rate and maximum torque were decreased. The modulus of the rubber compound
with low loading(2 phr) of RFR was slightly high, but the modulus was low for high loading(3 phr) of RFR additives. Ten-
sile strength and elongation at break were varied with the loading amount and the ratio of resin promoters. The changes in
the physical properties with resin additives were responsible for the formation of viscous resin layer at adequate addition,
but lubricant and dilution effects at excessive loading. Adhesion properties of unaged adhesion samples containing RFR
and HMMM were poor, but those after humidity aging treatment were enhanced. But the adhesion properties were poor at
the rubber compound of inappropriate ratio and excessive loading of resin promoters. The high viscous resin layer formed
for RFR and HMMM might suppress water diffusion to the adhesion interface during humidity aging, resulting in the slow
rate of adhesion degradation of rubber compound containing resin promoters. The change in the cure rate was large with
HMMM addition comparing to RFR, whereas the effect of RFR addition on the adhesion properties and the physical prop-
erties was relatively large due to its high molecular weight and viscosity.
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=3 Aol Mol o3t Ha2e] su)e} wigmFo] d3lq) o
g a73e B4 AR AFe] o€t wignyY d3&xE
A 7] st dspAAIE Wrls|x sk, AR5 43
JAE 3t AASAAE AR

g y-o) 35 w8 ~2dgeo] HAZAA L FLE A[7,8]%
AR HA7HI[9-11p} AHsEdh. 2 E 4 H/1E /3R F A3
AL AA ARG Hrlee] BolA|H AL dslEr JA] W
2R 8]. A 2Ee] YHLE LS AT = ILE dL AL F A
Z32 A= RS Zefjste] Yo A3E . vbd SR F A%
FAA= AFE YA ARG FFAY] gdsjdAlel mapAl
Aoz dey# glrl. Methylene acceptorzl -2+ H4AlE £3
o8] = 4] (Resorcinol Formaldehyde Resin; RFR)®} methylene
donorzlz H-2+ A EA] o d He}sl (Hexamethoxymethylmel-
amine; HMMM)E- 7ro] A7l 9, 71334 Fol ol5o] AEA|
HoZ olF3le Hurl & & FJAste] HAEE A
QA F 7], A4, vukg 8o Aoz o]EL oAslug
Ao WS A

FAF AASA A 71334 F uks-sle] FAu ke Ads)
7] &), RFR¥ HMMM?®| 2AJo] F@ 3]t} vlo}r} wukg- RFR
o]} HMMM-E 1.32-9] £Ajo d8kg o], w79 o}E A9t
EuReE 4 glend, HAdsle dA m3pl Hor) HxF o)
£ Ar1ekg AAsleof At o] AT x] HAZAlAY Mot
F& 2uElst] 35o] S8R Adzco wlgtus A
HEHE ZARRE Zlo|th. RFRI HMMM®] 74 = 3ol whE 37
5 B4 Apole} o] 5] ub AT 3 HEFL)

2.4 #

2-1. 29| g

RFR3} HMMM 3-8 WistA)7)a, 19 of 8 oA 248 2
AAZ 7S 15 sl gt aTe] 24L Table 19 ve}
Waleh HALT, 7R B, ks FA 4, Abslolad, Aksh=| A,
FHEE od3} RFR-- 0-4 phr2 t}2 7| Yo Banbury mixer(Farrel Co.,
model 82BR)oA] 587 160 ‘ColA] 13} witslgich. 13} wighsd =
F5 Ao YA F 2uloldAl, 3, 713HEAlA, ZF8R] A A)
2} HMMM-$ 0-5 phr2 ¥3}X]# open mill(Farrel Co., model MKIII)
o] gl 90°CollA 583t 3 E wigtalgict.

22. J1ME, EE W =M

160 °Coll 4] ASTM D2084¢]] w}2} 1° arc$} 1.66 Hz Z7 o4 oscil-
lating disc rheometer(Monsanto Co., Model 100)2. 78] 7}3FZ o)
A 718 AE FA stk wlgtase] H =9} scorch time 125°C
4] Mooney viscometer(Monsanto Co., model M-1500)2 ASTM D-
1646 1 o) w2} ZA135ic).

160 Coll A ToA17¥] 11192 7}8A17] 2mme] $74)9] dumbell
¥ A2 2 widtnye] 348 2AE5Ic}. ASTM D412 uhi o wje}
13A18 7] (Instron Model 6021)2. crosshead speed”} 500 mm/min
A 2R 271X BEe A S| BAL A8} 13r u)
ga1%-2] 7= Shore A DurometerZ A4-3}e] ASTM D2240¢]|

23hsict.

2-3. X7 HHSTARZ 92

RFR3} HMMMZEe] wh-& 5§ 71x] A &A)e] kg cf= A 4o
THE E3HE-S v]E5AM] dakA|(DSC, Perkin Elmer Co., TA sys-
tem 7)2 FA}sIc) ¥hE2E = 50 °CollA] £24E 2 20 °C/min

Table 1. Compound formulation and chemical makers

Chemical Loading(phr) Maker

Natural rubber(SMR-CV60) 100 Lee Rubber Co.
Carbon black(N330) 50 Lucky Chem. Co.
Aromatic processing oil(A#2) 8 Chummi Petro. Co.
Zinc oxide 10 Korea Zinc Co.
Antioxidant(Kumanox-RD") 4 Monsanto Co.

Co salt(Manobond 680C) 0.7 Rhone Poulene Co.
RFR? variable(0-4) Indspec Co.

Stearic acid 4 Chunkwang Oil Co.
Sulfur(80 % oil Crystex) 8 Stauffer Co.
Accelerator(MOR™) 0.8 Monsanto Co.
HMMM? variable(0-5)  Cytec Co.
Prevulcanization inhibitor” 0.2 Monsanto Co.

12,2 A-trimethyl-1,2-dihydroquinone. “Resorcinol formaldehyde resin. “N-
oxydiethylene-2-benzothiazole sulfenamide. “Hexamethoxymethylmel-
amine 65 % +Si0, 35 %. "N-cyclohexyl thiophthalimide.

a1o] 300 °C7AA] Z7kakalet.

2-4. HEA|HES| M=ot I}

ASTM D2229 wo| ot} T-test A 2HA1H S A z3)dc) Sohl}
o] ZollA] AlxZF 4x0.28 729 7 = (3% v B 4.1 g/kg, T
2] 3 63.7wt%)} g2 T-5 HAAZ) 2 F FAld ofE o
ALE BA] 915t TuAlZkel 5SS Haf 5 Al7kakE 718k
Zch. QA 712 crosshead speed”} 100 mm/mingl ZA 4] =
EE BodiM Be & sy, Bohd = EwS {qtow
ZARt -9 FAA g AAsisic) wigtnte B4 2 A
AL 718 Fel 85 °Cot A4 85 %2 3}-L3}4532 (Weiss Tech-
nik., model 305SB)e]] 5, 10, 15 $-8-23}A7) & 22 35}5c).

AZAIHel A Fopd = W& AAF3I0| A 2 2(JEOL Co., mod-
el 840A) ZA3laL, stdHe] T8, o}ed, 3} A& EDX(Energy Dis-
persive X-ray Analysis)® ¥4 3}¢jch.

3.8 & o

3-1. BBt JIAE

RFR3} HMMM ] 37}ego] o2 itz ¥-2] 7}3H43 42 Table 2
ol A2J3ldc}. RFR¥ HMMMo| 719 wigk 5ol Ty A7k
Z oA 2, 7} X ] 4>(Cure rate Index; CRIy= Zolx] 7}atax7}
=2} z2iv} HMM 37jeke] @opdaE T A7 Al 2o
A}, RFR #7}ee] SolA s T A2 o] HoA|=] edgpeh. M4
E 3+ RFRe|Y HMMMe] A7bgl s18ell4] o}F 23 #Azov,
HAdEaE E2l¢] 10% X Z] 5t} Scorch A7k RFRoJV}
HMMMe]| H7bd 5i57-eld golzz, 5+ Fobxct. zelvt
scorchA]Zke] RFR 7|2l we} A} golx| 1 Axe A
H]3l), HMMM 37} 2504 Y7 A ko] Rolz] sl

RFR3} HMMMe| 7}l 7183k e s m2ix) 7 g3 2o}
A, scorch A]7HE BolX| 2 HxE Fo}ich. o]2]g HE RFR
°l'} HMMM 25 Herl ¥& EAo]3 o]5o] ukgsle] Hata
o] ¥2 ¥4 YAz, 39| o]Fo| slakge] JA Rk
Hez ARE 5 v Aol 7pahikgo] elA A=
CRI\} | €37} Yollc). vbd RFR3} HMMM®] ukg-0 2 A
7F AA)7] wj#ell scorch A17ke] golzlt}. Tzt HMMMS] A7}
o] wokdel mel CRI7F X430 2 12ix)u) uls RFR 37}
Flle FR3dche AL o] Ao g $53)c}. RFR A7l
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Table 2. Cure characteristics of the rubber compounds

Rubber Test apparatus
compd. Rheometer” Mooney—viscometerz)
RFR/HMMM Time(min) CRP’ Torque(J)  Scorch® Viscosity”
(phr) T, T, Min"") min max time(min) ()
0/0 29 72 2326 123 6.06 26.2 359
2/0 27 7.7 2000 139 547 221 544
21 28 81 1887 138 553 20.4 4.88
2/2 28 88 1667 134 572 19.8 471
2/3 27 106 1266 1.39 558 20.2 4.85
2/4 27 138 9.01 145 562 18.4 5.08
2/5 28 146 847 148 567 224 5.28
0/0 29 72 2326 1.23 6.06 26.2 3.59
0/3 32 115 1205 1.30 554 232 442
13 30 108 1282 1.36 5.67 21.6 471
213 27 106 1266 1.39 558 20.2 485
33 26 108 1220 142 528 20.0 498
4/3 25 106 1235 145 5.37 19.3 5.05

YRubber compounds were sheared to 1° and 1.67Hz at 160 °C. Rub-
ber compounds were sheared to 2 rpm at 125 °C. *Cure Rate Index=100/
(Ta— T,). *The time at 5 point rise from the minimum torque. "MLy, pse.

ol w2} scorch A7) A5z gl WES bR oM,
HMMM 37}l 583 M o]sjc}. RFRs} HMMMe| 37}
ol e} 74 A0] ohE A e Molk Wbl dlaliE 2% &
A3} Q)] Fol AR},

32, HiEtnSe| 8

7HIAF 54 35 EAE Table 39 A)3ct Ax: 2E
oA 68-702.% & Aol K2, HMMM?]| 0-1phr2 ZA|
S0 9l R-2/0%} R-2/137%-9} RFRO] 3-4phr2 @o] £ 9l& R-
2/33} R-4/3 ;F-ol|A] 682 ZF Pgich. REE|2 HA] RFRo|H
HMMMo| 3715l 515014 100 %, 200 %, 300 % 25 sk}, Xjo)
€ 24 #4skodt, mEela 4] A sl 2 HMMMe| 3
Al £ A RFRe| o] £o] gl nFelA] dsiel. Q7=
% RFRe|\} HMMMo] 3718l s1.5-ollA] Yolzlth. A7leke] ol
ASE Q7 est JolA, RFRI HMMME] 371 v)ol o2
78 ez gsiel. 94188 RFRAAMMMo] 2:1 v]£2 {
7H R-2/1 75 Astae 2 AFe vFd

Table 3. Physical properties of the unaged rubber compounds

Rubber Modulus(MPa) Tensile  Elongation
compd Hardness strength at break
RFRHMMM 100% 200% 300% (MPa) %)
0/0 69 414 970 159 22.8 415
2/0 68 358 858 145 211 415
21 68 358 858 143 21.8 432
272 69 393 933 153 21.2 401
2/3 69 387 925 153 20.6 392
2/4 70 381 910 151 20.0 383
2/5 70 400 969 159 195 363
0/0 69 414 970 159 228 415
03 69 377 900 150 21.7 415
1/3 69 392 943 155 21.2 399
2/3 69 387 925 153 20.6 392
3/3 68 339 832 139 19.2 396
4/3 68 3.65 862 140 18.8 395

HalZE H35AH R3S 19974 63

A

Table 4. Physical properties of the rubber compounds after humid

aging treatment’
Rubber 100 % Tensile Elongation
compd Hardness modulus strength at break
RFR/HMMM (MPa) (MPa) (%)
0/0 77 7.16 14.8 184
2/0 76 6.97 15.8 202
211 76 6.13 14.3 205
2/2 78 6.65 11.7 164
2/3 78 7.05 12.6 169
2/4 78 7.73 11.6 145
2/5 79 7.99 12.3 149
0/0 77 7.16 14.8 184
0/3 77 732 12.9 168
1/3 77 7.41 13.3 169
2/3 78 7.05 12.6 169
3/3 77 6.67 13.1 182
4/3 78 7.04 13.0 175

YAdhesion samples were humidly aged for 5 days at 85 °C and 85 % RH.

RFR|v} HMMMo| H7H 315714 7Hhikgo] 2222 &
27} AetR|7] dZel ol gel H7H A A =st ot 3
=9 2E2vl Yoty Audn. rlase o, 4ol &
FAF7 A7bE el RAdo] 7] Wiiel et Al o
Al AsHEict. HMMM A7Fege] A2 317-(R-2/05} R-2/1 1F), RFR
o] we] A7H ILF-(R-3/35} R-4/3 ZF)ellA] £3] BE2 27} F2
2 RFRo| 31.7-9] 42 34| A3HA17]7] w2 d%gdct.

FEE3 F L5 242 Table 49 42| 3l3ic}. HMMMe] 3
H7H R-2/09} R-2/1 27X e A7t 23 U3, 93 F 100%
EEAE yr} E olF TN AR} dAlge] tE 2
Foll vls) %o Z7]ole 3k Ao)7} SIAIRE, RFRe] Fx3iA] 3
7HEl R-3/33} R-4/3 2F-el A= 2Eae du Aol ok e A
7b3Li-el vlsl E3kc}. 5 RFRo| HMMMS] A7}egel F3o] %
A & FelA BER 2L G dAlEo] ke Aok,
AEo] 7HRRES ARSI £8 4TS Bely| iR A7
e} AL R-2/0% R-2/1 2ol Aoz gohe 4L,
HMMM¢|| £]3} 7p3hbg-o] A 53171 #7] o2 A3t

|l ¥]s) HMMM3} RFRo| 25 o] H7Hd R-2/49} R-2/
5 252 mgejast dAlEE R-00 359} 3jo]7t ich. RFR#
HMMMe] ¥k 2 AAE Her} & a8 E4o] dsixe] &
TaA]7] vEo2 Yz-det. RFRI HMMM 371eFe] B2 R-2/
48} R-2/5 7oA A3} F 2Ee|A7} A, RFRHMMMS] 2A
il HMMMe] RFR9] 5w A= grla 2o}

3.3, X FASTAR e

B FA vheAdE S W DSCE o] 43y
A7 23 lch{12]. Fig.1el X<l v}s} o] RFRI} HMMM-2
qhge] vl AA3] A== Ao vehdel. RFR3} HMMMS)
H|7} 2:191 E3HE{Fig. 1(0)]141+& 150 °C 2-ZellA H ) uked-&
vehfiv, HMMMe| o] o4} 713k mle} ukgo] wll$- x41%] 3
PHE £ 5 sl F A=A NA o)k i AAE] spayt
= oo, A% A5 wAT-E(interpenetrating network structure)
S o] F0] A A& AN A= ALz A}

34. H&M8E
Table Soll JQ3}7|7kel] }2 RFRI HMMM AH7}eko] oh& w
5o AAAgAE Au)sigich B8 3L g ay 254 93|z
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Fig. 1. DSC curves of the physical mixtures of RFR and HMMM.
(a) 1/0, (b) 0/1, (c) 2/1, (d) 1/1, (e) 1/2 and (f) 1/3.

Table 5. Adhesion properties of the rubber compounds after ther-
mal aging treatment’

Table 6. Adhesion properties of the rubber compounds after humid

Rubber compd. Pullout force(N) Rubber coverage(%)

RFR/HMMM 0 5 10 15 0 5 10 15
0/0 568 460 401 371 100 100 100 95
2/0 597 493 418 393 95 100 95 95
2/1 573 474 404 368 95 95 95 95
2/2 487 434 395 368 95 95 90 95
2/3 518 448 399 380 95 95 90 95
2/4 498 461 405 363 95 95 95 95
2/5 513 451 389 370 95 95 95 95
0/0 568 460 401 371 100 100 100 95
0/3 591 484 406 394 95 95 100 100
1/3 555 459 403 375 100 95 95 85
2/3 518 448 399 380 95 95 90 95
3/3 501 450 375 330 9 95 95 95
4/3 473 419 346 319 90 100 95 95

DThe adhesion samples were thermally aged at 95 °C. ?Aging time(days).

off ute} hEA| T, RFFAAH e o F-E 24 95-100 %F v
¢ ¥ RBucks BR2AA Ae] HdsnE 7T Y4
27h Erhe AdM, AEAEL - o2 ok siria Bzl
27] A% Adelet 931 F ¥ P& R-200, R2/1, RO3 2504
=3tc}. RFRo|Y HMMMo] A3 371 a5-el4 Aoz 3
Z2te7} o). RFR} HMMMe| H3AIE 242 o5 2 wkg-s)
o] P2 Fol| QA-HZ w Tl AZTHFA (interpenetrating network)
IR g P2 QA wigtm T A, 53] 95
A& A AFHE F7HA o] 1= RFR3} HMMM
o] a2 =R ?%'°l' 5 A7HA7E whgo] A2 zisg=]=] o
oh, Axrt & 2¥A F& FAFHA Rtz mE2) I9ir)
a8 m5-FelA Zé’-"r°] sldsle 27604 B Yol & AL %
Bl Aol 57 AR s A4 BAgel 2 3
ol JAMHA] gdo} EAolFo] HhH o R Bojsle] Ao g
oA 7HEukgo] el zlsPEd 711ty Bt QA6
A A== Fe|stEL vl wle A A= vls[2)], o) Al
Hor FEFe $Ut el AAAR ) L3 259 7138

aging treatment”

Rubber compd. Pullout force(N) Rubber coverage(%)

RFRHMMM ¢ 5 10 15 0 5 10 15
0/0 568 461 473 439 100 95 95 95
2/0 597 506 447 448 95 100 95 95
21 573 502 466 460 95 95 95 95
22 487 469 460 446 95 95 95 95
2/3 518 444 466 447 95 100 95 95
2/4 498 464 472 460 95 95 95 90
2/5 513 455 445 427 95 100 100 90
0/0 568 461 473 439 100 95 95 95
0/3 591 488 489 452 95 95 95 100
1/3 555 485 477 451 100 95 95 95
2/3 518 444 466 447 95 100 95 95
33 501 440 451 426 90 95 95 95
4/3 473 474 432 395 90 95 100 95

“The adhesion samples were humidly aged at 85 °C and 85 % R.H. “Ag-
ing time(days).

At udez dob 44 g St gk 5 $AF Ak
A7k AA AR R A $A2e] FRA g
2] gho} Aol E& AATA] 2r] whEo) Aol 221 139 7}
A5} FobA B Yol Al Qo134 3k,

A7k A% B Yol B LT JL3HF ¥ ¥
= Er} 159 J934X7] Foll = R-1/39} R-2/3 1504 ¥ o)
Fich. @G3} Folle 27-9] 713mbsa} s ankgo] o] AP}
RFR3} HMMMe] AAu 2 A7k n¥olds dst4e] 5 =27t
Agbge] A=), w72l EAo] AA dsiEle] = Yol =}
I A=

S48 ¥ 490 dsh Fohe ok o). Table 60 2
Ql wle} o] ;¥ BAA T 95100 %2 A3 oo}, g9}
F2h= @e) RFR HMMMo| o] 37 Mg zsold) 2 9
o] Zt}. R2M4, RIS, R23 159 e 9] P71 A Fol
R-0/0 315 ]s) Ml ok, 159 4235 ol v Ak o4
3 3 YAR AUY 57 20] AWSZ 59| AU AL,
FA)5& JAY § 2= RFRFY HMMMo] o] A7 wigd s
oM 42 Wajo] JAls =2 §i Ro] =ch. 22h} RS R-
45 2RAY 42) A sk W74 BRAE 447 2
717 3 AR 1571 F et m2 e Yol Aty A
Zsiet.

Bolal o] AW 37-E LAIZ AEAA AT T EDX=2
ZAR R AARE) 248 Table 7o) Welshich. AR BFe
229 YAHES edaich. RFROIH HMMMo) 3742 wighe
Fol HAE 3= FRA Peo] ek, Aripo] BobL4E 3
AETge] Aolxlths Aol $A15 MA o2 39| o]Fe] oAl
o] A Z3o] ghAl AAFE AU} -5} RFRo| Bo] H7}E R-3/
32} R-4/3 59| 4 3} 71 &2ko] vl Yo}, RFRe| HMMMe]| |3
A%x A4e 2A Asteckn YrHec

S35 ANT BN A2 A BN AE
o Mol s-&dsh F F AEo] Wk ARAR AFAY 24 A
7h iR ol 4 % A&l 2hor, RFRS HMMM 37}l o
£ 7432 #lo]7} Qlr}. RFRo] 2.0 phr 714 R-2/0-R-2/3 7-5-0j| 4]
3 Ao wrh. 3 Ho] HMMM A7asie BiMo] ok}
W, RFR A7}eo] Woldag ol Qe Faisich ol
¥ A}-2 methylene donor2} methylene acceptor® RFR¥ HMMMo]
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Table 7. The relative surface composition of steel cord pulled out
from the adhesion samples

Relative composition(wt%)

Rubber compd

RER/AHMMM After curing After humid aging”
Cu Zn S Cu Zn

0/0 3.0 63.6 334 4.7 69.7 25.6
2/0 2.7 63.2 341 2.1 63.8 34.1
2/1 2.4 63.8 33.8 24 65.0 32.6
212 2.1 62.7 35.2 2.4 64.0 33.6
2/3 2.0 64.8 33.2 2.4 65.3 323
2/4 2.0 63.3 348 2.6 65.8 31.6
2/5 2.0 65.1 32.9 29 65.7 314
0/0 3.0 63.6 334 4.7 69.7 25.6
0/3 1.8 64.4 33.8 35 67.3 29.2
1/3 19 65.2 329 2.8 66.5 30.7
2/3 2.0 64.8 33.2 24 65.3 323
3/3 1.8 64.0 34.2 2.0 63.6 344
4/3 1.5 63.7 34.8 2.1 60.4 375

“The adhesion samples were humidly aged for 15 days at 85 °C and 85
% RH.

57% YA4ol WA, RFRE o]v] EARE 27 BEoas
SAZ0R A48 4k W HMMME 2502 4728
FAsta] 2ah7) WEo2 Azkech

3-5. RFR¥Y} HMMMQ| 823} J|s

RFR¥} HMMM 2 methylene donor2} methylene acceptor24] 8}
3 £AFE AP 53] 4EE s eA s E 2}
334 F °]‘é‘°] Ao 2 o]gsled, AN TA A $AFE
Asteg JAAHES AL SAA L. 22t $2F z,jz}
FAAL AZLR 1SRt 2R A RER A § a5 EXo] A
3H€ct. RFRO|v HMMM F Ae] s34 H7ked o] E4lo)
+8A A RA 2Hgste] 1T BAe] =A A3lEct. HMMM
A71e¢o] RFRe|| vla] AthH o2 2he 517604 25 EAJo] 53]
o}, RFR® A7} &3} Adid ez it

RFRz} HMMM A7}2 2% E4e] Aste7] o Foll, 25 33
A=t Fob aF-FelA mtdo] dojuls A HeME B §
o] ztobd utel] gict. webd P71} 2 F} 2T Ao F2
At e ddst F HANAL £AF AREAAY Hrh2 2o
A ol A] ghet. et S o8] Hat3e) d5H13-15]7}
SR w2ds Tl +AF A2 B2 4G
45 2deh. RFRZ HMMMo] o] A7bel wigtos-ollx] A3
o] FEAlFe, ¥ o] BT Tz Arhs, Eejol
¥ g3 a7 AT AslEd AAAR R Fou} S8
o] o] FHe dAE AAlshe A ol AR ] FasR| L,

st HrbER 257 ek 2% 240] UF Alsh A
gl 22 AT vrolRi).
SR HAZAA WA ARAR A o ol5g Asjs}

£ 271%0] AASIE e BAATS 3 G 44 Aol
2218 4 9l9ieh. RFRe|v} HMMMo] 3789 2= gwie] 3 ¢
ao] afolg o], RFRY Arbapl wet of oelsiA| Debach. &

35t3st HI35A H3E 1997\ 63

A =

#9435 A2F F A3%o] Wole AEE A5 YA2AANE
kel 27 Aok A, $A% A HEULAZL A 2
Aol $A13e YA B39 PPYE FUAINE 7158 0
A7 Al

4. & 2

AL RERS) HMMMo| 2749z =
$ Ak S7)30] WA=

@) A% A=

=9} HaAE 2Ae] 249 o)54

2, 718& 50t e 7}'-11-7353: Jolx|Bg 3§ EAo] A8}
Hrk F 77} ) w2 3 o aFelAs £8 2 34

AZ 35 EAo] v] FA| olAlr).

() 2% FAA LTI} Folx HitFo] T HZe) vld iAo
A AAA M= =27 ARAERA FrLE 25 B4 ] AslE
o ¥ Yol Foplch. 22} 5593 F $A]20] FEHYFE o
Aste FAF HASAA7E H7H oA A4 Ado) atgict.

3 RFR?Jr HMMMC 2 XS $2F A2 A Z3A el
A R 5E PAs R, ddsh) 4938 F AR Fx 4R
+ dAsle 3 FA A o] G

# A

o] A9 d¥e Addsta *95d A7 Aol o8 539
Aoz Al g #cl.
#uEsl

1. Haemer, G. and Mollet, J.: Rubber Chem. Technol,, 51, 371(1978).

2. van Ooij, W.J.: Rubber Chem. Technol., 52, 605(1979).

3. van Ooij, W.J., Weening, W.E. and Murray, P.F.: Rubber Chem.

Technol.,, 54, 227(1981).

. van Ooij, W.J.: Rubber Chem. Technol., 51, 52(1978).

. Ishikawa, Y.: Rubber Chem. Technol., 57, 855(1984).

. Haemer, G. and Mollet, J.: J. Elast. Plast., 10, 241(1978).

. Baker, L.R.: NR Technology, 12, 77(1981).

. Seo, G., Kim, M. H,, Jeon, G.S., Oh, S.C. and Noh, I.K.: HWA-

HAK KONGHAK, 28, 77(1990).

9. Dietrick, M. L, Emmert, D.E. and Lederer, D. A.: Adhesive Age,
27(Jan, 1977).

10. Brutto, P.E., Wong, W.K., Mou, Y.H. and Zhang, J.Y.: RPN:
1994 Technical Year Book, 51(1994).

11. Hamed, G.R. and Huang, J.. Rubber Chem. Technol, 64, 285
(1991).

12. Barton, J.M.,, in Dickin, P.(Ed.), “Flow and Cure of Polymers-
Measurement and Control”, RAPRA Technology Limited, 1990.

13. Coppens, W.: Plastics and Rubber Processing and Applications,
2, 331(1982).

14. Coppens, W.: Rubbercon'81, E3-1(1981).

15. Bjork, F. and Stenberg, B.: Polymer Testing, 6, 369(1986).

0 N N L oA



