TEHEtBMNE X

EPDM3 5 9 SBRIF & FAAZRO=R
3t binary blend system &dXx9]
Ax D SEAAZAA A3 A+

ZBEREBR KBB

s LR

X i oo



Xfonel T+ B S #HAES.

2001 12H 26H

BOTEWL B Ry

%
£ A TEME A # B




List of Tables = + « = + « « = = « o « « o= v o v o o v . 0
List of Figure « = « = + = = « « = ¢« « o o v o o o .. M
ADSLract «+ = = ¢+ v v e e e e e e e e e e e AV
I. A B v e e e e e e e e e e e e e e e e e e 1
oA 1 5
O-1 AFAE v v o v oo e e et 5
O-2 AHAZ - -« -« « o v v ot v b e e 5
M-3 ZJAREA A3 - v v v v v e e e e 8
R o 8
-5 WA AIB] + + « v o v et e e e e e 9
Io0-6 QEA AIG + s v s e e e e e e e 10
< ) = s 12
V.2 B o o v e e e e e e s e e e e e e e e 39
VI ZTES - v v v e e e e e e e e e e e 40



Table.

Table.

Table.

Table.

Table.

Table.

Table.

List of Table

Basic Formulation of EPDM/SBR Blends
Cure Characteristics of the EPDM/SBR Blends

Maximum Torque Value of EPDM/SBR Blends

Specific Gravity of Unaged EPDM/SBR Blends
Experimental Rexults of Unaged EPDM/SBR Blends

Experimental Rexults of Air aged EPDM/SBR Blends
Determined at 70C

Ozone Resistance Test of EPDM/SBR for Various

Measuring time



Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

. Cure Characterisitics of EPDM/SBR Rubber Blends at

160°C.

. Maximum Torque Value of EPDM/SBR Blends.
. Mooney viscosities of EPDM/SBR blends.

. Scorch time and optimum cure time of EPDM/SBR

blends.

. Specific gravity of unaged EPDM/SBR blends.

. Hardness of unaged and air aged EPDM/SBR blends

for different measuring time at 100TC.

. Tensile strength of unaged and air aged EPDM/SBR

blends for different measuring time at 100TC.

. Elongation at break of unaged and air aged EPDM

/SBR blends for different measuring time at 100T.

. Compression set of air aged EPDM/SBR blends for

different measuring time at 100°C.



Fig.10. 100% Modulus of unaged and air aged EPDM/SBR
blends for different measuring time at 100TC.

Fig.11. Photographs representing ozone resistance test at 100TC
for various reaction time. ;
T-1 : EPDM/SBR (=100/0), T-2 : EPDM/SBR (=75/25),
T-3 : EPDM/SBR (=50/50), T-4 : EPDM/SBR (=25/75),
T-5 : EPDM/SBR (=0/100).

_Iv..



Preparation and Characterization of Binary blend System
Using EPDM and SBR as a Constituent Rubber

Jong-Won Hyun

Department of Polymer Engineering. Graduate School.

Pukyong National University

ABSTRACT

‘The blending of ethylene propylene diene terpolymer (EPDM) with styrene butadiene rubber(SBR) were
carried out on an open 2-roll mill following the conventional polymer blend method, then other
ingredients were added. Vulcanized sheets were prepared using a hot press, then the Mooney viscosity,
cure behaviors and compression set were subsequently examined. And also the mechanical properties,
heat and ozone resistance of the specimens were investigated. Due to the post cure during the aging
test, hardness of vulcanizates was increased. With increase of heat aging time the tensile strength,
elongation and compression set was increased whereas elongation at break and 100% modulus was
decreased. It was found that the optimum cure time was significantly shortened with loading of SBR.
‘The undesirable characteristics of heat and ozone resistance of pure SBR was significantly improved

through the blending of SBR with EPDM.
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EPDM2 334 7%388H(F) #E9 KEP 2504 gradeE A} 4319
°oH, SBR ¥+ F34%38HF) A= SBR-1502 gradeE A}
otk tRAlE #& AMESIH T, EAAE Aslold e Agat
At 7} Z A= dipentamethylenethiuram tetra sulfine(TRA),
tetramethylthiuram  disulfide(TT) %  zinc  di-N-butyldithio
carbamate(BZ)& &7 A&t SFAZME Agolaate] A}
€5%e, 7t¥EAE  polyethylene wax(PEG #4000 o
WB/215(zinc free dispersing agents)E& Al&3lgud w3pdz| 4=
= 3C(N-phenyl-N’-isopropyl-P- phenylene diamine), nickel-
dibutyldithio carbamate(NBS) % 6-ethoxy-2,2,4-trimethyl-1,2-
dihydroquinoline(AWP)E A}-839th. 3 A2% FEF e
carbon blacke] AF&H ) el 7ESEE Hdad 9 d(p-6)=

AF&-3) 91 o

O-2. AAAzx=
2 A7l ol 8" AAHL 12 EFHF 23 FHow Yo wEt

stlth 12k €8 ME €% 1.6 ¢ Banbury mixer® o] &3} 30



H2 67 x 12" Q1 open rolll A 1x EHEFH A 7H3 FES
¥o] 40TolA 58 3t ddstAl Edst HF ETHES AZX8A
th. EPDM/SBR &dE9 xAHIE F 19 Usidd. T-1&
EPDM @502 3ta T-2, T-3, T-4 @ T-5% %2 EPDM/SBR
o] HlE 75/25, 50/50, 25/75 F 0/100 wt%E st ETEA[Z
EPDM/SBR Ed=Aolt}. HF vl AH-L Rheometer(Monsanto
ODR 2000)E o|-43te] ASTM D 2084™¢] o7 3te] 160ColAl 7}
B2 ZAEFE o™, Mooney A=A (Monsanto R100)E o] &3]
125CelA A <dAALE AT 160TAA A 7HAE

ZAA3te] hot pressollA] GEAF YO E AFAHE AXste EA

>
[

Z P4 HAXA(Shore-A)E AH&3te] FAHSIA L,
AAEAL vzl A A E 7] (Instron 6012)S AMg-3te] A3t 1

g1 2 Tgzold st - td AYsd 9E B P3RS



Table. 1 Basic Formulation of EPDM/SBR Blends

T-1 T-2 T-3 T-4 T-5
KEP2504 100 75 50 25 0
SBR1502 0 25 50 75 100
C/B FEF 9% 9% 9% 95 b
P-6 40 40 40 40 40
Zno™ 15 15 15 15 15
St/acid 1 1 1 1 1
PEG™" 3 3 3 3 3
WB/215 1 1 1 1 1
3C 1 1 1 1 1
NBC 1 1 1 1 1
AWP 1 1 1 1 1
S 1.5 15 1.5 15 15
TRA 15 15 15 15 15
TT 1.0 1.0 1.0 1.0 1.0
BZ 2.0 2.0 2.0 2.0 2.0

TOTAL 264 264 264 264 264




olgd 332 Adstd E4 SAHE AEE AxsUh §H AE
Z718 500 mm/min®] crosshead 4%, 100 kg load cell, ¥4
718 20 mmE St en ot o] AdHo] wE}t AFHE=E T8t
ATk

Ty = Fw/A (1)
A7) Tve QA E(kg/em?), Foe AlHo] HATE S wo)
A F(kg)old, A= A¥AY ddAH(cm)S Jebdth gekil

ge Ade] AYHE ¢, 2 WA Ao Hold AolE 43

Ev = (Ly - Lo)/Lo X 100 (2)
A 714 Epve AFAE(%), Lo Z7]4o], 283 L2 Eod &

o ZolE vheuiT

n-4. 97 4= 58 A¥
ASTM D 3%l wet Psigior], 44 dFojy Adds e
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m 43 9 23

23y 19l ASTM D2084¢] 9|73t Rheometer=H-E @izl
AHA3E Jepddnh £ d7oAMY AF2FE & 2~40] R
Xt} EPDM/SBR &d=+ FAHE 100/0, 75/25, 50/50, 25/75 %
0/100¢] vl &olch YwrH oz Algle] A el wet torquedtol 7}
she AS B dl, o3& Az Aol uwheh P 7ol
dojwtths AL oujd. 29 1288 & & e AAH SBR
o) Fo| ZFvtge] w torque #ol AAE AL Jtudke
Zoel 71d@ o AZE

FH 29 1] Rojzl 718342 Rheometerg AH&3ste] foizl
AgARZA, dHLE dtolA HRAREe] F7hgel mEl nFA
W FAd ¥ #E AT xR FriFHez A=
Zad P& At dE torqued FFEA etk o o 7t
817 3, & torquee 7t¥xel uHlH s oF & o8l 7T
oo

Degree of crosslinking(%) = T(t)=Tmin/( Tmax—Tmin) x 100 (1)

714 Tmax * H W torque #(Newton - m)
Tmin © 4 torque %

T(t) : 7}3AZF tall A9 torque @S 7HE 21
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EPDM/SBR Ed=Ad] glojA EA= =AdHjd wE Hu
torquedte W3E 29 20 YA TE A & F e AA
2 SBRILY dr#Fo] 25wt%ol A torque’t Ha#e YERH ¥ SBR

A1 go] Zobgel wek Ae ANHOE torquedko] ¥

f

38
o
w2

BR 1% ©%o A%l A torque ol dojAle © oA
& o] xz4ol|A SBRIFWS BX3} o|FAF] WAl I3 E
@ b WA shast Aol e gmet?,

719 303 EPDM/SBR Ed=7Ael glojA SBR x¥ o] ®s}
of we F$U dEge WaE vehdgth SBR 2T gl
50wt% 7HA & FY gkl F7beithzk SBR-rich 49elME 2
a8t %S Bolm, £4% SBR 1¥9 ¥$U =& SBR ¥
Edaye] B 3@ YA 45 3E BEe EPDM 1¥ w5
AR vk o 2 ge zte Ao AZdn

EPDM/SBR £ E7d] ol A= zAue] ©g 230X
Az 2 HA gAY WekE a9 4ol el el A
HojA= AAY SBR nFFel S7hFe wE HA Jhg AlRbel

HolAE 4P Bolw Utk oA SBRZLFIL wgAel A
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Table 2. Cure Characteristics of the EPDM/SBR Blends

T-1 T-2 T-3 T-4 T-5

Tmin® 438 83 9.3 9.1 9.3
Tmax” 36.8 27.7 325 36.7 40.4
tsl” 2:12 0:55 0:46 0:48 0:49
t90v 815 4:17 3:02 2:34 2:16

Mooney Viscosity® 34.2 74.3 78.1 70.4 69.3

a) : Minimum torque value(lb - in)
b) : Maximum torque value(lb - in)
¢) * Scorch time (mim : sec)
d) : Optimum cure time(min : sec)
e) : ML1+4(100C)(dn - m)
(large rotor preheating time : lmin, operating time : 4min,

temperature)
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Table. 3. Maximum Torque Value of EPDM/SBR Blends

T-1 T-2 T-3 T-4 T-5

# dtorque(lb-in) 36.8 277 32.5 36.7 40.4
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Table 4. Specific Gravity of Unaged EPDM/SBR Blends

T-1 T-2 T-3 T-4 T-5

Sp.gr 1.110 1.125 1.143 1.150 1.163
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Torgue (lo—in} DAEKYUMNG ENGINEERNG Temp (T}

50.0 200.0
160.0
120.0
80.0
40.0
0.0~ 0.0
0.0 2.0 4.0 6.0 8.0 10.0 120

Time{rmin}

Fig. 1. Cure Characterisitics of EPDM/SBR Rubber
Blends at 160T.
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Maximum Torque Value(lb-in)

26 I 1 1
0 25 50 75 100

SBR(wt%)
Fig.2. Maximum torque value of EPDM/SBR blends.
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Fig. 3. Mooney viscosities of EPDM/SBR blends.
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Fig. 4. Scorch time and optimum cure time of
EPDM/SBR blends.
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Fig. 5. Specific gravity of unaged EPDM/SBR blends.
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Table 5. Experimental Results of Unaged EPDM/SBR Blends

T-1 T-2 T-3 T-4 T-5

Hardness(Shore A)

71 73 75 72 67

Tensile Strength(kgy/cm®)

135 47 65 95 137

Elongation at break(%)

310 190 100 130 190

100% Modulus(kgg/cm®)

50 40 30 71 75
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Table 6. Experimental Results of Air aged EPDM/SBR Blends
Determined at 70C

Measurement Condition : 70C X 8hr
T-1 T-2 T-3 T-4 T-5

Hardness(Shore A) 72 75 77 74 68
Tensile Strength(kgg/cm?) 130 42 60 89 130
Elongation at break(%) 280 180 93 118 175
100% Modulus(kgs/cm?) 53 45 33 73 78
Compression Set(%) 14 9 7 6 5

Measurement Condition : 70C X 30hr

T-1 T-2 T-3 T-4 T-5

Hardness(Shore A) 73 77 78 76 69
Tensile Strength(kgiy/cm?) 124 35 57 85 125
Elongation at break(%) 260 173 84 105 167
100% Modulus(kgy/cm®) 57 49 38 76 82
Compression Set(%) 19 13 10 8 6

Measurement Condition : 70C X 72hr

T-1 T-2 T-3 T-4 T-5

Hardness(Shore A) 74 79 80 73 70
Tensile Strength(kgy/cm?) 117 30 50 82 122
Elongation at break(%) 250 165 75 9% 160
100% Modulus(kg¢/cm®) 59 51 41 80 86

Compression Set(%) 24 18 13 11 8
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Measurement Condition : 70C X 96hr

T-1 T-2 T-3 T-4 T-5
Hardness(Shore A) 74 82 34 80 63
Tensile Strength(kge/cm®) 110 25 47 78 105
Elongation at break(%) 240 155 66 85 155
100% Modulus(kgt/cm?) 62 53 47 84 90
Compression Set(%6) 29 23 17 14 10
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Fig. 6. Hardness of unaged and air aged EPDM/SBR
blends for different measuring time at 100T.
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Fig. 7. Tensile strength of unaged and air aged
EPDM/SBR blends for different measuring
time at 100T.
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Fig. 8. Elongation at break of unaged and air aged
EPDM/SBR blends for different measuring
time at 100T.
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Fig. 8. Elongation at break of unaged and air aged
EPDM/SBR blends for different measuring
time at 100T.
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Fig. 9. Compression set of air aged EPDM/SBR
blends for different measuring time at 100T.
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Fig.10. 100% Modulus of unaged and air aged
EPDM/SBR blends for different measuring
time at 100T.
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24 5= EPDM/SBR /=49 3lolA4 SBR nF%Fe ¥s}
of mE HFF] WEE Yehlio 227 E & F d= A
A¥ EPDMILF(H]5:0.86~0387)¢] B3t H]Fo] & SBRIF(H]
%1:093~0.94)9] o] F7tgtel wet | Fo] FrtetE AFE Ho
SIS

1% 60l EPDM/SBR E/=Ae] lolA &7 Tl =3
NEe AXA & AA 2 100°C 9 ovenWlol A =3AZHE B

e =3AES AR AEY A=WEE Yedt. EPDM/SBR

2% Base AgAE 2 A AWd o] AR e
A% wHA UL FF AT TAAE F 5 601 YT A=

= Shore A 2 Shore D9 ¥ FFZ IA YFo A, 15 7HA
o] ¥ % EolzH(indentation)o] Wi A3 HEE Jepdch

SYeRY ¢ & gl AW SBRITY WrHEFel 50wtds 7t

Alge Aol €4 s g ez FaT 43 JAV)
#Hot 37 F9 =3 A3 oA = 74 3Hpost cure)el 7]A 3t
o] =3t e Azke] Aoy wit A8 AVt FUHEE ¢ T

a

AT 53 HE=sA ol UojA SBRIF ©F9 AF= ©
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Agtol tdF EASnz Aol Fosol WEAgol vurzl A
BETL HAgS Rola Ut

a3 79 =3 A7]A €& EPDM/SBRZT EHE H 100T9
QB A 8~% A+ E< 7tY =3A71 EPDM/SBRLY EHE]
ZAu&e g AFAE WIE BRAFI doH, FHHRL 53
NEE Hageld wA Fr] FAA JtE =3ATA e
EPDM/SBR9] ZAjH]&o] wE& UF74E WiE E¥ SBRLT9
zro]l 2/owt%ol A 71 E& FS Ho|n 1 o] SBRAZFEFIA
B F4ete AEE rolm vk AutHoz F7] FeA e =3
' 7HE =3A71A] @ AR
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T AP ¥ 2ds 24U gl BE FuNse] HgE 13
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= Faagde] st A%e BYth olge FuuEe)
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Table 7. Ozone Resistance Test of EPDM/SBR for Various

Measuring time

Test T-1 T-2 T-3 T-4 T-5
time(hrs)
After 6h
8 NC NC NC NC \ter 6hrs
fine crack
After 6h
30 NC NC NC NC Mter 6hrs
fine crack
£
72 NC NC NC No  After bhrs
fine crack
%6 NC NC NC Ng  Ater Bhrs
fine crack
NC : No Crack
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-5

8hrs 30 hrs 79 hrs 96 hrs

Fig. 11. Photographs representing ozone resistancetest at

100T for various reaction time.
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