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ABSTRACT: The effect of activator and curing agent on EPDM curing reaction was investi-
gated by differential scanning calorimeter. The activator reduced the reaction temperature of
EPDM and the size of dispersed phase in the dynamic cured blends. The same results were
observed by adding the curing agent. The gel fraction of EPDM in MBL1/PP1 70/30 blend
was leveled off at 10 phr curing agent and 3 phr activator. The optimum amounts of activator
and curing agent for EPDM reaction are 3 phr and 10 phr, respectively. In linear blends, the
morphology was fixed at the early stage of mixing and the co-continuous structure was
shown in 50/50 EPDM/PP blend. Melt viscosity of the blends was lower than the calculated
values by the additivity rule of the component polymers in all composition range because of
the incompatibility of EPDM and PP, and the effect of added processing oil. In dynamically
cured blends, the phase inversion was taken place in MB1/PP1 70/30 blend. Morphology de-
velopment of dynamically cured blends was investigated in all compositions. The MB1/PP1
50/50 blends showed co-continuous structure of EPDM/PP.
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Table 1. Materials and Their Characteristics

materials characteristics* source
EPDM Mooney viscosity? 63 SUPRENE
M,=118x10° 601F*
E/P 60/40, ENB=>=3.7%, (Yukong Elas-
LV.=12 tomer Co.)
MB1=EPDM/oil 100/100
MB2=EPDM/ail 100/130
PP1 Melt Index? 1.5 (homo) YUPLENE
PP2 Melt Index 0.5 (homo) (Yukong
PP3 Melt Index 1.2 (homo) LTD)
processing  paraffin oil SUNPAR 2280
oil (Japan Sun Oil
Co.)
curing bromo phenol resin Schenecady
-agent (SP-1055) Chem. Co.
(US.A)

accelerator  zinc oxide(Zn0)
®All data supplied by manufacturer, ®50ML1+4 121 °C,
“include 70 phr oil, ¢ ASTM D1238/L(230 'C, 2.16 kg).

clohexane, sulfuric acid, xylene & A3},

EPDM 7lmgtg EXE AIHME. Oil& AAS «
T3+ EPDME 7] 98l soxhlet ZFX|9} &4 & ace-
toneg ARR-sle] AlFl ¥ e old 99.5%
o] AAF F 7twAl R FtuFIAE &) (cyclo-
hexane) & o]&-3le] BHAHE &, SujA|AHE 93t
of e NBoIN 3U7 AENA AgeldTh T
2 AEEUA Edse B JusE WEE v
aEz) Y3t FhaA ok 844 el ¥WEE F3U
t}.

EPDM Master Batch (MB) H|Z=. EPDM 601F
o HEE REL A4 B4 dske] 59
EPDM$& 7]1F9¢.2 processing oilg 100 phr (per
hundred resin)®} 130 phr &3k~ MBE A %3}
7] Y3 oilg =718ttt 350 cc Brabender in-
ternal mixerZ o] &3l A Z3PE e mixere] &
T 150 ¢, FAge 8002 A3

Cornposition Blending. 7tZA& T3slr] g%
grERce) ¥ite $AVNE BUEE AT
olel, EPDMy} PPe] 242 ZFau|2 25/75, 50/
50, 70/30 Al 71x] A$-2 3 en, EPDM& 715
o7 7luAl = 5-15phr, 7l &FA) = 1-5 phr7}
2] MEE Fod. £ 60cc Brabender inter-
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Figure 1. Heat flow vs. temperature as a function of
accelerator (ZnQO) concentration at fixed EPDM/1055
100/10.
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Figure 2. Heat flow vs. temperature as a function of
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Figure 4. Typical torque trace of EPDM/PP linear
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Figure 6. Morphology of EPDM/PP(MB1/PP1) linear blends at different compositions. {a) 25/75, (b) 50/50, and (c)

70/30.
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Figure 7. Idealized phase continuity change diagram
for EPDM/PP blends.
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Figure 9. Typical torque behavior of EPDM/PP dy-
namic cured blends. Arrows are adding time of
curetives.

8ol DGR EA 27] Hool FET
Z7is} ole] mhe FAWAH] PaE sHHLTE 2

o} oz e}

EPDM/PP 5&7} —g I=. Fig. 9 E&7lay
o] olgle] EY=ES AET o FA wlE torgue
A& vehd :’-‘%101‘4 geEdl=e 29E Az
o 7laAlE 9o 48 Fo A= stuAl "7 §
torque Fro| FEET ¢F 30% A T (G 58 L)
o] Ar¥slgct. EPDM/PP(=MB1/PP1) 70/30 %
Hrtw gd=e Z9E A9HRd degdsd 98
o 7iaAle} ZhEZ ALl Hrtdl wet EAE
Solge AAY F Aded ole AFYoE EAE
EPDM¢] 7haekgo 7118k}, ol= EPDMe]
ol Ay o] wet EPDM Ae] HE7} Z7bsm
d ol itz = Ao PPete] 4
hase inversion) #Ae] FA)d 27| o

whAe| 50/501} 25/75414% torqueo 7
o] dolubx] e, oA ojn] Ul
B4 EPDMe] x}&ei2] domain T
At A B TN dolvkes
g HEe] Aol Bddez ¥ FEE
£ PPl 93] F=]7] W &olot.

MB1/PP1 H#l=e] ZA¥2 YAz AEFE
ZE2x8 vwsy EPDMe] ko] 30 wt.% oA

O

1%

H(

°\‘:“'c5

oo Mo oo e orlr o
ok o g (L o
N

fr oo 4B |0
.,

O:

ox

°
©

ATl

E2of A2l A2z 1997d 3¢

gd=o) B

A BE22A(1)
30
© : MB1/PF1
25 1 no MBT/FF‘2
e : MB1/PF3
E
Z 204 e
L)
>
‘g 15 4 -\_/ o
— S/
(5] O/
o 10+ O— d
° /
n /
5 i ®*—_______®
0 ; : }
0.00 0.25 0.50 0.75 1.00

EPDM wt. fraction

Figure 10. Stable torque vs. EPDM content for

EPDM/PP dynamic cured blends.

70 wt.% 2 Z71¢
0.5-1.5 mmoz A
o] torque

break—up°l F2 AHLE

of we} IAk=L7]7} 1.5-5 pmell A

s o = dedl, ole Fig 9
diagramoll Al R F50] EPDM.J
EH %ﬂ% = Agsd

gt e FEERGe] AedE Fa gdd
BE2A PYA4L e w2 ddeEHE d8se
Aol wigz & Aoz oFHr}. Fig. 102 MBIl
st PPe] Hxzwsldl & FHrvtwEe] stable
torquedl] thated 2@ RAolth, A%y}l & PP29
2% =4, A=t ¥ PP3= PP2 Bdlz=o) d&}
o 39 A=), Capillary rheometer &
300 sec ol A 243 MBld| th& PP1, PP2, PP3
o] MxH|E= Z+zb 1.94, 0.97, 6.45 Axo]H, Fig.
11 EPDM/PP 25/75 Edl=oA Hxyld we&
BYs 23] 8222 & B Aolth vt Fe
(w7t &) PP3e] 9 i 27171 10 pm
ol4e] B3% U E fAs, F=7t ¥ PPl
9] 3% 3m ol3te] HnH #AT R E dL
=3, EPDM o] F7184sE Za
3 & aixle PyAs, © PP39 At
AE olAte] EqtAAdE BHYS st
MB1/PP1 25/752] 7% E&=4 /M4d& #18kd
oilg F713 MB2E o] &3] BA=E ARt 4

229



EE R EEROL ERREE RS R

e .

Figure 11. Effect of viscosity ratio on morphology of EPDM/PP 25/75 dynamic cured blends. (a) MB1/PPL, (b)
MBI1/PP2, and (c) MB1/PP3.

Figure 12. Effect of viscosity ratio on morphology in dynamic cured blends. (a) MB1/PP1 25/75, (b) MB2/PP1 25/
75, (c) MB1/PP1 50/50, and (d) MB2/PP1 50/50.
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Figure 13. Morphology development in dynamic cured EPDM/PP (=MB1/PP1) 25/75. 1055/Zn0 10/3: (a} 6 min,
(b) 9 min, and (¢) 12 min.

Figure 14. Morphology development in dynamic cured EPDM/PP (=MB1/PP1) 50/50. 1055/Zn0 10/3: (a) 6 min,
(b) 9 min, and (¢) 12 min.

Figure 15. Morphology development in dynamic cured EPDM/PP (=MB1/PP1) 70/30. 1055/Zn0 10/3: (a) 6 min,
(b) 9 min, and (¢) 12 min.
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