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ABSTRACT : Effect of chlorinated polyethylene(cPE) on the morphology and mechanical properties of

isotactic polypropylene(iPP) and nitrile rubber(NBR) blends was investigated. It was found that incorporation

of a small amounts of cPE leads to a decrease in domain size of the dispersed phase, and uniform distribution

of the dispersed phase in the blends. The PP/NBR/cPE ternary blends showed an improved tensile and

tear strength as well as elongation-at-break as compared to binary PP/NBR blends. From the results on

morphology and mechanical properties, optimum amount of the cPE is 5-10 wt% with repect to NBR
* in the blend.
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Table 1. Materials

Materials Description Source

PP isotactic polypropylene Samsung
(HY301, MFI=3.3) Chem
acrylonitrile butadiene rubber Kumho

NBR (KNB 35LM, AN content:34%, EP
ML, @100°C=50)

PE chlorinated polyethylene Dow
(CMO0136, Cl content:36%) Chem
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Figure 1. Scanning electron micrographs of the morphology of PP/NBR(70/30) blends containing various amount
of cPE. (a)PP/NBR/cPE(70/30/0) (b)PP/NBR/cPE (70/28.5/1.5), (c)PP/NBR/cPE(70/27/3), (d)PP/NBR/cPE(70/25.5/4.5),
and (e)PP/NBR/cPE(70/24/6).
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Figure 2. Effect of cPE concentration on the domain
size of the dispersed phase of PP/NBR (70/30) blend.
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Figure 3. Effect of cPE concentration on domain size
distribution of PP/NBR(70/30) blend.
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(b)
Figure 5. Scanning electron micrographs of the mor-
phology of PP/NBR(30/70) blends. (a) 0 wt%, (b) 10
wt%
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<9 PP/NBR ZAde] 70/307 50/50¢1 Eal=9} @]
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(b)
Figure 4. Scanning electron micrographs of the morphology of PP/NBR(50/50) blends. (a) 0 wt%, (b) 10 wi%
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Figure 6. (a) Effect of c¢PE concentration on tensile
strength of PP/NBR blends. (b) Relative tensile strength
vs. concentration of cPE.
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Figure 7. (a) Effect of cPE concentration on tear
strength of PP/NBR blends. (b) Relative tear strength
vs. concentration of cPE.

Jheke] wE gdEel WMIHE uEligled,
Figure 6(b)olli= 2+ Aol PEE Z7}8HA] o2
Base] s e VIESE AR go=
vEhASITh Figure 7(a)e} 7(b)ol= cPES] H7hgl
e dggwel WEE JATEY Wt 5
A=R

=ollA A-gstAl FHrtell mE sdidsel Walks
vehlgich nE Bd= 2AdAM AesiArt A
7V A e gl Mg e g G
FrtElen, geals =3 IS &
th. ole} e 7IAA B4 ke PEe) A7}
2 A3 mEeXel uigs TUF B e
Wt} &, Figure 69} Figure 7914 23%0] 834
At} F7Vgel wet QAEE B JEAdES

N

-

s

Elastomer Vol. 40, No. 3, 2005



210 AxZ .

ol

¥

200
—8— PP/NBR 70/30
[ —=— PP/NBR 50/50
—a— PP/NBR 30/70

180

160 [

140 |

120

100 |

Elongation at break, %

L L L
10 15 20

Weight % of ¢cPE

Figure 8. Effect of cPE concentration on elongation-
at-break of PP/NBR blends.

A}
97

Rt TS HeE RS ¢
A7V 0|49 cPE
9] wMgE o)A ¥7] HE] FeE *ﬁz}
Eo] ok g, ol PE FHrl| wE Ed=
o] 714 &4 WFEFHE 1T NBR94 3}
go] Z BASAFE = Yehle AL B F
otk =, cPE7} NBRo|| tha] 10 wi% xma PP/
NBR/CPE(7027/3)8] A% QAAE, Qa4 Te] 2
7VEo| Z}7} 8%, 17%011 E3}3 whd, PP/NBR/
cPE(50/45/5)8] ZA-9-dl= O F7} Fo] 4z} 20%,
30%E =75, 31%-9%ko] 713 we PP/NBR/CPE
(30/63/7) BA=dME I F7FEo] L7 95%,
90%ZH A F vl Az A=Y EHE E
4 Itk ol& SEMeg #E3 mEZ ] Wil
A B 4 %ol cPEVF HUbEA ¥ PPNBR
(30/70) A =e]A PPS} NBRo| A2 A&AFZ
sl whal, cPEE H7)139 PP/NBR(30/70)
A% 71AA EAol B % PP} A

o] =7] wZolgtn Aztert. =3 Figure 8011*1
g AURo] cPEZ} FVHE BR=dAM 15e =
o] 30, 50, 70 wi%Z F7HESE HPALL 7
z+ Hu) 59%, 100%, 170%2] 2+& Jehfol, 44
A7 H7MEA g g vis) E e YE
We o Ao, FEsHA Aot wE s
g9 F7lw s aRe AN o &
55 & Z7taaE Jepdith

4 sted, of
H7} | o4

l'ﬂ-l I‘IF

a5}

Yo mlm

it

A 22r] A40H A3E, 2005

X

ol

off
Ho

o,

N.dg £
H-84 Edl=<l PPNBR EH=d @A
o] 35%Q1 AANEILACPE)S £F W/HHO
24 Bdce REZAZL wASET 43

/) #dRE AR RN o RRE g

F 9Tk olsh B gl met EA=o
AAAE, HHAE, AGPE S| 1A BAL
ZEI, PE Aol @ AAHEAS) W
& Ba=vel NBR ¥Fo] FU4E B 2
JEE A ¢ 5 A9 =8 BA=Y vE

2 T

3k
=

22 9 7AHEe) Usl2RE PES] H4 3
7V NBRO tis] 5-10 wi% BEDES & F S
Ak,

2o Ed

1. S. K. De and A. K. Bhowmick, "Thermoplastic
Elastomers from Rubber-Plastic Blends”, Horwood,
New York, 1990.

2. C. P. Rader, "Handbook of Thermoplastic Elasto-

ers", ed. by BM. Walker and C. P. Rader, Von
Nostrand Reinhold Co., New York, 1988.

3. E. N. Kresge,
Blends", Rubber Chem. Technol., 64, 469 (1991).

4. N. R. Choudhury and A. K. Bhowmick, "Influence
of Interaction Promoter on the Properties of Thermo-
plastic Elastomeric Blends of Natural Rubber and
Polyethylene", J. Mater. Sci., 23, 2187 (1988).

5. S. Akhtar, P. P. De, and S. K. De, "Effect of Blend
Ratio, Dynamic Crosslinking, and Half Black on
Failure Properties and Hot Air and Acid Ageing

"Polyolefin Thermoplastic Elastomer

Resistance of Thermoplastic Elastomer from Natural
Rubber-High Density Polyethylene Blends", Mater.
Chem. Phys., 12, 235 (1985).

6. H. 1. Salmah, M. Nasir, "Thermoplastic Elastomers
based on Polypropylene/Natural Rubber and Poly-
propylene Recycle Rubber Blends', Polym. Test., 21,
389 (2002).

7. A. Y. Coran and R. Patel, "Rubber-Thermoplastic
Compositions. VIIL. Nitrile Rubber-Polyolefin Blends
with Technological Compatibilization", Rubber Chem.



10.

11

. R. Frenkel,

FastEddddde) ¥t FYxedd-Ued 3f BJ=9 2E2ex A VAREAC e 9% 211

Technol., 56, 1045 (1983).

V. Duchacek, T. Kirillova, and E.
Kuzmin, "Thermodynamic and Structural Properties
of Acrylonitrile Butadiene Rubber/Polyethylene Blends”,
J. Appl. Polym. Sci., 34, 1301 (1987).

. S. George, R. Joseph, S. Thomas and K. T. Varughese,

"Blends
Rubber: Properties and
Compatibilization", Polymer, 36, 4405 (1995).

S. George, R. Joseph, S. Thomas, and K. T. Varughese,
"High Density Polyethylene/Acrlonitrile
Rubber Blends: Morphology, Mechanical Properties
and Compatibilization" J. Appl. Polym. Sci. 57, 449
(1993).

S. George, L. Prasannakumari, P. Koshy, K. T.

of Isotactic Polypropylene and Nitrile

Morphology, Mechanical

Butadiene

Varughese, and S. Thomas, "Tearing Behavior of
Blends of Isotactic Polypropylene/Nitrile Rubber:
Influence of Blend Ratio, Morphology and Com-
patibilizer Loading" Mater. Lett., 26, 51 (1996).

. 8. George, N. R. Neelakantan, K. T. Varughese, and

S. Thomas, "Dynamic Mechanical Properties of Iso-
tactic Polypropylene/Nitrile Rubber Blends: Effect of
Blend Ratio, Reactive Compatibilization and Dynamic
Vulcanization" J. Polym. Sci. Part B: Polym. Phys.,
35, 2309 (1997).

. S. George, K. Ramamurthy, J. S. Anand and G.

Groeninckx, "Rheological Behavior of Thermoplastic
Elastomers from Polypropylene/Acrylonitrile-Butadiene

14.

16.

18.

19.

Rubber Blends: Effect of Blend Ratio, Reactive
Compatibilization and Dynamic Vulcanization", Pol~
mer, 40, 4325 (1999).

S. George, K. T. Varughese and S. Thomas, "Dielec-
trical Properties of Isotactic Polypropylene/Nitrile
Rubber Blends: "Effect of Blend Ratio, Filler
Addition, Dynamic Vulcanization”", J. Appl Polym.
Sci., 79, 255 (1999).

. S. George and S. Thomas, "Dynamically Vulcanized

Thermoplastic Elastomer Blends of Polyethylene and
Nitrile Rubber”, Polymer, 41, 1507 (2000).

S. George, K. T. Varughese and S. Thomas, "Thermal
and Crystallization Behavior of Isotactic Polypro-
pylene/Nitrile Rubber Blends", Polymer, 41, 5485
(2000).

. X. Zhang, H. Huang, and Y. Zhang, "Dynamically

Vulcanized Nitrile Rubber/ Polypropylene Thermo-
plastic Elastomers", J. Appl. Polym. Sci., 85, 2862
(2002).

D. K. Setua, C. Soman, A. K. Bhowmick, and G.
N. Mathur, "Oil Resistant Thermoplastic Elastomers
of Nitrile Rubber and High Density Polyethylene
Blends", Polym. Eng. Sci, 42, 10 (2002).

D. K. Setua and J. L. White, “Flow Visualization of
the Influence of Compatibilizing Agents on the
Mixing of Elastomer Blends and the Effect on Phase
Morphology,” Polym. Eng. Sci., 31, 1742 (1991),

Elastomer Vol. 40, No. 3, 2005



