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Abstract : Blends of polyethylenes (HDPE and LDPE) and ethylene- propylene rubber(EPR)
were examined with three block copolymers (E-EP, S-EP, S-EB-S). Rheological and mechanical
properties measured were viscosity, tensile stress, and elongation, which were used to investigate
whether three block copolymers might provide any compatibilizing activity in PE / EPR
blends. Based on data collected, a feasible blend morphology was suggested. Tensile strength
and elongation of PE / EPR blends exhibit a behavior close to the ideal case(straight line)
regardless of block copolymer used. The total rubber content appears to be an important
variable, However, elongation of HDPE / EPR seems to deviate from the ideal line due
probably to the higher crystallinity of HDPE than LDPE. Unusually low viscosity of
diblock E-EP implies that E-EP does not have the microphase separated domain. Thus,
when S-EP or S-EB-S is used in PE/EPR, a new interface would be created between
PE phase and S block. However, the whole molecule of E-EP would be compatible with
EPR so that the original interface between PE and EPR phases would not be disturbed
by E-EP,
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Mo B2 allization) 7} 216]1}7] o}y t}. @z} HDPE / EPR
k= LDPE/EPR EdcE ulE Exalgoly
HEA nEAFAAM dx M et e wAE E¥E0F v stdely, APA e zelr
AFL ZoEW(PE)22 nUx(HDPE)s} Qs AgAJo] AHel gigg 24 A]—)\hg 2 9
Zi‘?a‘E(LDPE)i et PE9 248 2 FEAdel dle ¥ IEAEH Bdugs AA
A7 =E FESA ALGEe] 21 3 % ’e};“r"i—a](macrophase separat10n)7} Qolge
= H, 539 HDPEUr LDPE°} ofidal-z2 g4 2 @7 ARdoldh 18y PE/EPRY ASE
37 (EPR) T odd-Zzgdd-fduns HE 2ZAAY7 gdEls »A33 PEAY EPR
(EPDM)& E#sted 2043 WSE4S &3 & AgAol lomg ARG HAYFAIS
A7)+ 115-7}<13}(rubber toughening) i e] 2 7EE 4 g Aoltd, & PEQ zARAHS
Axs o] grt!™ o] =& PES EPR w1 EPDM BAE 2ol Irix| W 7] wEo| A
el E=7E e FeEel E, R o2 PE4# EPRAYZY] &gz @ 5
7h EEE, 2% o met Waan e B Atk
sl Qlek AFWelAM B F-FRIste] €] 2 Aqo M q7kA B2 25§ E HDPE /
g AEo]l wol wujEa Y& dl, ofABA, EPR 2 LDPE/EPR Zdco) H7lstgem
N ZAAST ZegshadAE ygEAtt A gR=e 483 9@ AAE 44 vAe 9
EAA 5ol nRAds} AES] s g AT, Bdse HE, A A
Atk AES Balse A wet 2AsAd, Al
PEs} EPRY ZAc=E 383 727} H|$£3 v FEdAy 483 8 RAEkeEd F
¢ SHAAR FxR7F dE o2 F el =
Rz 2o Edowo <kt Uy g8l
g 28y ExbE, EAGEE, sy, A |
ARG S5 AEAd F 4FE v Jdor
2, 493 AZ< HDPE 2 LDPEst EPR7H £ 3
o] aAe agx B4 B oz oA Table 12 M7k 18z £2 1d= e
Z B A4 A18¥ HDPEE 7}x3l%7} 1| o€ gl (HDPE), Mdx Ee|Ed(LDPE) %
WA Hn E g sAstE s 90% B ogd-ZedAdny (EPR)9 54& viehi
= ARAPS AU 1, v LDPEE 4% e}, AdHoz A wojEn e o AriA
3 Axn w& 7HAEEd o8 AFAFL 60% A aE2 B0 s FEsk 54 g2 A
olth® et gy Zedde] ay FE ¥t} -12]1} EPR(Goodrich’s Telcar 405)-& EPDM
g9l EPRS A2l A& Aol AU ul - Yo} 7} PES] 2al=g 24 Aok
2d=A HDPEY LDPES} #7Z7% 35} (cocryst- B g A 2y FFEHe B A
Table 1. Polymer Investigated in Blend Systems
Polymer Density I\iolecular Weigh_ts o Souree
(g/cm?) M M. My / My
HDPE 0.96 19,000 59,000 3.1 Du Pont’s Alathon 7030
LDPE 0.92 13,500 - Eastman’s 6018
EPR (.88 — — Goodrich’s Telcar 405
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Table 2. Description of Block Copolymers

Code Molecular Weight Density (g /cm®) Source

E-EP? 60,000E / 60,000EP 0.915 MMI4

S-EP? 37,0008 / 65,000EP 0.950 Shell’s Kraton G-1701MX
S-EB-S° 10,0008 / 54,000EB / 10,0008 0.9551 Shell’s Kraton G-1650

a_ H-Poly (butadiene -b-isoprene) : b, H-Poly (styrene -b-isoprene) ; €, H-Poly (styrene- b-butadiene / butylene-

b-styrene) : H-means “hydrogenated” version; d Michigan Molecular Institute.

AL Table 29| Fi it} Diblock E-EP+
443 7Hhydroge-
Aoz JdEA(E) BT AEA-=L
233 (EP, E¢ P7} €43 ng) B3o=
TAE e} i, dAgadelA 2 (living) Fol&
Z3 oz A %3ttt Diblock S-EP$} triblock

poly(butadiene-b- isoprene)&

nation) 3% A

S-EB-S& A{izoz Aids=e AFolth & <
Tl e} BE 2AuE FAZ deEhlL A
£y 7%

HDPE/EPR % LDPE/EPR Ed =t Bra-
bender Plasticorder® 200CelA 100rpme] &%=
2 1587 sk Al =319tk A= &% 2 Instron
#8 Feonel(=d 3211)e 3, IFA=
9} AAEL Instron UniversalAl@7](2d TM-
SM)z =Astgnh 7143 A4 2FHA] AEd
& 200CNA AP oz WEJNL, EHde F
2 570 A EHS HE kol

AeZ2YA] ALE3 #F o 9+ ZH(entrance
angle)& 90° 24 F4e 180°w) Bt A7
£4e A FaAz deu,? drtEe
Az et o3 BAgLe kA gsirh wet
A HAEE “ZB7]" HX(apparent viscosity)®
FAIEA Ach

Ao o OF

HENS

Fig, 1S 2 =0 AL&3 A & 2= 2, HDPE,
LDPE 2 EPR9 A= 200CAM &3 A
o1, Fig. 2& AH8® A28 384 I=E

EZ2|0f 4138 A23% 19893 2¢

200C

Apparent viscosity (Pa - sec)

Shear stress (N /m?)

Fig. 1. Apparent viscosity vs, shear stress for three
commerical polymers at 200°C.

Vel olt), o] F 1@eR RE #ErHA ¥
nole AHE B33 T F 3

a) &% 200cColx EPR9 7‘457} AdEL,
HDPE¢} LDPE] A=+ AhgE 1.4x10°N/ m’
NN Mz mzpgith,. w2kd HDPES} * LDPE
o] Bapgke & zolzp A EPRY £
Z PE wr} 433 £& AR diddd.

b) 28 2Z%H S-EPe AFHI FFTHA
o] 4% A%L wolm gtk Fig 19 Al 1EA
249 Hxel vug o AdgHd W V&
717b W mol, By FEEA 5L vAA
A} 5 2] (microphase separation)® EAE 7+8 A
o7 783}—61- ./;: ol‘;],

¢) Triblock #Z%A S-EB-S¢ AeE ¢S
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Fig. 2. Apparent viscosity vs, shear stress for three
block copolymers, S-EP and E-EP at 200C,
and S-EB-S at 240¢C.
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Fig. 3. Apparent viscosity vs. shear stress for PE /
EPR 85/15 blends and PE/EPR/E-EP
85/10/5 blends at 200C.
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Fig. 49} 5% ztz} HDPE /EPR % LDPE/
EPR Ed=9 JIAZEE £ nHFgoz
Bl Aolt), ols agdia A2y =
(E-EP, S-EP, S-EB-S)& ¥ 3}lsl:= Ao=
wt.%E 7zt BE FEEAE dHsa
el Zgelth § 71A) ZE, = B4 3% (yield
strength) 2}  Zghrle]l & Q147 % (ultimate
strength)& el A=), 27 a3y e 7
T3 &34 Q134 (engineering tensile strength)
2 #EA% 49 HDPE/EPRE 32 7wyl =1
LDPE/EPR2 HZ%4w7} v} Q373 ss ¥
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Fig. 4. Tensile strength of HDPE /EPR blends,
With three block copolymers, 5% EPR is
replaced by block copolymers.
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Fig. 5. Tensile strength of LDPE/EPR blends.
With three block copolymers, 5% EPR is
replaced by block copolymers,
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Fig. 6. Elongation at break of PE/EPR blends.
With three block copolymers, 5% EPR is
replaced by block copolymers,
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Fig. 7. Tensile stress vs. elongation for HDPE / EPR

blends,
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Fig. 8. Tensile stress vs, elongation for HDPE / EPR
85/ 15 blends. With three block copolymers,
5% EPR is replaced by block copolymers,
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Fig. 9. Tensile stress vs. elongation for LDPE / EPR

blends.
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Fig. 10. Tensile stress vs, elongation for LDPE / EPR
85/ 15 blends. With three block copolymers,
5% EPR is replaced by block copolymers.
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Fig. 11. Schematic representation of PE / EPR blend
morphology with S-EP diblock copolymer.

2 357 28 7492 el sH(morphology)
S £ A3 Aot} A FH 717+ EPRS S-EP
o] EP¥aat ARAo] oz e Joi
EAH A%, AP PEAR SEEe F84cl
glol Aze AUWFAo] Briysith o] M2
AWe PS/PE Edcd S-EPE EYHS o
PEA T EPHe 7t 2L AWNS FA43= 73
.9} n)£3ih 2™ wepa S-EPE PE/EPRO)
Hrlste 449 2ol g AdF Aol AdH
= =M dse HP B4 F A4
JEe AN oz A7A% o] 4]l H-$-olch HDPE /
EPRe <8¢ Alslsta & A2 PE/EPR
2@ =y} oo Faa Aok

PE/EPRe| S-EB-Sg %7te 74 Add
3= Fig. 114 B Ao FPErh = triblock
S-EB-S¢| #7+22 EB¥ EPR¥ 4&4o] &l
Ak, gl spee ARTANN 2P PE
A 2e AWg 43 mets S-EB-SE
33 PE/EPR 2do& S-EP9 A9 &
Axe 72l 24§ Fig 40
A ¥ Fig. 1074 ov] #&3H3ch

Diblock E-EP7} S-EPu} S-EB-S¢} #o] 7|
AR ARE] $zE U Fig. 119 Feist
o] A= xkl E-EP9] 7xE uAlH &
gz7b opd Aol Aol it ojul H:= A
Eo| A m3 upe} o), E-EPE F EEo] &

S

T @98 5 Az

EH #A13¢ AH235 1989 29

7IAH HE

SdEloN A dgdel ddEe, vlAE R

Fz7F opil AYdHel® EPRZ &4

Aok #erEia ek welx E-EPE 4§
Gl

PE/EPR Bysi= @z—}/ﬂ Oﬂ&]_’ﬂ}_ D_zh‘s:l og
oz pREE ¢ Uz, g9 PEYH EPRY
o] AHe] ahR & Hfﬂ:}:ﬂ ikag3l=3

M
o

HDPE/EPR % LDPE/EPR Edcd &
198 uf BP9 Hre A

gAlo Fxof uel <k WIch 5%9
o g EBdc=9 Hxx E-EPo| 93
ok7k 7+Aslm, S-EP$ S-EB-StE ¢F7F Z713

%’%‘—i}iﬂﬂ

=8 %ll:}. HDPE/EPR Zd=

-
Kol
> X
o
2
-
o
a°)
=
~
=
=
=
o
fo o
ol
o
i
r
rf.
>

2 A ol AAHA HAe] 7 BEFE BIth

PE/EPRel 583 %34 S-EP %
A Aol depste AR

Atololl MEE Aol B4
"t 28 E-EP& EH¥
T2 PAlY gRe v =X
} @Az EPRAZC &9sle A
= o] PE43} EPR7H 7410%1 aE A
tn ARG, AfRHor MEE FFEA
-EP, S-EP, S-EB-S& PE/EPR Hid oA
8 82 3t Tl ok S-EP 2 S-EB-
A= SEelo] PEW EPR¥® 7t: w4
4 wgol, E-EPe A gPe 328
4351x] @ol PE/EPR Edx=2 AW =3
2} %3}7) wji-olel dheEch

iy

~
e
) UO('

ad
A

o & o 2 r-{r: o
Obo m oA 2

o?}LOPD

-

145



—

9.

10.

11

146

e}
o
ofo

b

o
Ho
ror

i

. W. M, Speri and G, R, Patrick, Polym. Eng.

Sci., 15, 668(1975).

J. Kesari and R. Salovey, in “Polymer Blends
and Composites in Multiphase Systems”, C.
D. Han, Ed, Adv. Chem. Ser. 206, ACS,
Washington, D. C. 1984.

. W. Ho and R. Salovey, Polym. Eng. Sci.,

21, 839(1981).
C. B. Bucknall, “Toughened Plastics™, Appl.
Sci. Publ, London, 1977.

. R. Dickie and S. Newman, U. S. Patents

3,833,682 and 3,833,683 (Sept. 3, 1974).

. R. Dickie and S. Newman, U, S. Patents

3,856,333 (Dec. 24, 1974).

. R. Dickie, M. F. Cheung, and S. Newmarn,

J. Appl. Polym. Sci., 17, 65(1973).

. J. N. Sultan and F. J. McGarry, Polym. Eng.

Sci., 13, 29(1973).

F. J. McGarry, Proc. Roy. Soc. London, A319,
59(1970).

W. D, Bascom and R. L. Coltington, J. Adhes.,
7, 333(1976).

N. K. Kalfoglou and H. L. Williams, J. Appl.

- EA

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

&l
Polym. Sci., 17, 1377(1973).

R. P. Petrich, Polym. Eng. Sci., 13, 248(1973).
A. J. Chompff, U, S. Patent 3,880,948 (Apr.
29, 1975).

R. J. Kray and R. J. Bellet, French Patent
1,470,255 (Feb. 17, 1967).

D. G, Welygan and C. M. Burns, J. Polym.
Sci., Polym. Lett. Ed., 11, 339(1973).

K. Kosai and T. Higashino, Nippon Setchaku
Kyokai Shi, 11, 2(1975).

S. Manabe, R. Murakami, M, Takayanagi,
and S. Uemura, /nt. J. Polym. Mater., 1, 47
(1971).

K. U. Kim, Polymer (Korea), in press,

H. L. Morris, in “Handbook of Thermoplastic
Elastomers”, B, M, Walker, Ed., Van Nostrand
Reinhold Co., New York, 1982.

C. D. Han, “Rheology in Polymer Processing”,
Academic Press, 1976.

K. U. Kim and D, J. Meier, Polymer (Korea),
13, 40(1989).

K. U. Kim and D. J. Meier, Polymer (Korea),
13, 119(1989).

K. U. Kim, Polymer (Korea), in press,

Polymer(Korea) Vol. 13, No. 2, February 1989



