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Abstract — The effects of compatibilizers on the mechanical and rheological properties of PP/PCL and TPO/PCL
blends have been studied. The thermoplastic polyolefin (TPO) consists of PP (80 wt%), EPDM (15 wt%) and Talc (5 wt%).
Maleic anhydride grafted polypropylene (PP-g-MAH) and maleic anhydride grafted styrene-(ethylene-co-butene)-sty-
rene copolymer (SEBS-g-MAH) were used as compatibilizers. In mechanical properties of PP/PCL and TPO/PCL
blends, tensile strength was increased when PP-g-MAH was used as a compatibilizer, and impact strength was increased
when SEBS-g-MAH was used as a compatibilizer. From the results of SEM morphology of PP/PCL blend, PCL droplet
size was decreased by the addition of PP-g-MAH. From the results of rheological property, complex viscosity of the PP/
PCL and TPO/PCL blends did not change appreciably when the compatibilizers were added. From the results of mechanical,
morphological and rheological properties of the blends, PP-g-MAH acted as a compatibilizer to increase the tensile
strength of the PP/PCL and TPO/PCL blends. While SEBS-g-MAH acted as a impact modifier to increase the impact
strength of the PP/PCL and TPO/PCL blends.
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Effect of Compatibilizers on the Morphological, Mechanical and Rheological Properties of PP/
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Table 1. Characteristics of polymers used in this study
Tensile Strength ~ Impact Strength

Sample  T,(°CY T, (°C)

(kgf/cm2)e (kgfcm/cm)/
PP -16 164 309.0 6.1
TPO? -12 167 120.0 32.0
PCL¢ —54 65 187.4 16.7

“Supplied by Samsung Total Petrochemicals Co.
bSupplied by Ramko Co.

“Supplied by Aldrich Co.

“NMeasured by DSC in our laboratory.
“Measured by UTM in our laboratory.
Meausred by Izod impact tester.

Table 2. Blend composition and compatibilizer content used in this study

Blend Compatibilizer Content (phr)
0
1
PP-g-MAH 3
PP/PCL (90/10) 5
1
SEBS-g-MAH 3
5
0
1
PP-g-MAH 3
TPO/PCL(90/10) 5
1
SEBS-g-MAH 3
5

Table 1°] WeRISITE. PP(Rd EE, BI75H, T,: -16 °C), TPO
(Ramko, RP-220, T,: —12°C)9} PCL(Aldrich, 440744, T,: 54 °C)
& S AABE] 213l 70 °CollA AR BE xR ol ARSI
t}. T3 MAH H]£°] 10 wi%2! PP-g-MAH(Z thEP, PG-300)2}
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& ARgsto] 78ISl

222, SHIE M=

PP/PCL 18] 3L TPO/PCL EA == F-AR]Z ZF2F 90/10 wide, A
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slo] BAIC AES Alxsgl o, Z47+e] /3L Table 2¢ YERY
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5 mm/min, Al°]A] Zol& 50 mmE A5l S35 0H, T2
1= ASTM D-256°1 ]3] notched Izod impact strength =
apadet. msk Al 9] Sl whet 74zt sAM SAdsto] gk
T}

o

rr

}

of
lo e o

o,
il

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011



344 ol&t -
24. @7 54
PP/PCLY} TPO/PCLEHN=2] 8k4] 5248 wasr] $lsod]

2 HitachiAF2] S4300SE field emission scanning electron microscope
(FE-SEM) 7171& ©o]&-3t3itt. &g A2 hot pressg ©]-§-51
190 °C, 20 MPa®] &alell FHA| & ol Ak Lo

[ag e
2093+ §3 5 sheksiol AT AR WMo R IYse] 5
kst

2-5. REsty 54

Advanced Rheometric Expansion System(ARES)E A4-5107 A&
3}A12] F57 W ghegoll w2 PP/PCLY} TPO/PCL E4= Z}2}e] &
Hekx 548 SA3HTE 57 AlHE hot pressE AlZg A
25 mm, 77 2 mm 774 ] FAAEE ARESIGITE S =55 190°C,
WS- A3 Aebd 9920 8% = 117731312, 0.1~100 rad/se] 5
I Riflell 5 =S sl
xF

UE

3.

i

n[ -1

31 7AX 24 2AM
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Fig. 1. Tensile strength of the blends; (@, A) PP/PCL (901/10), O, A)
TPO/PCL (90/10).
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Fig. 2. Impact strength of the blends; (@, A) PP/PCL (90/10), O, &)
TPO/PCL (90/10).

Table 3. Tensile strength and impact strength of the PP/PCL and TPO/

PCL blends
... Content Tensile Strength Impact Strength
Blend  Compatibilizer (ph) (kgem?) (ke; cm/cm)
0 279.2 7.5
1 280.8 7.8
PP-g-MAH
PPIPCL 3 282.1 8.0
(90/10) 5 283.0 7.5
1 263.8 10.8
SEBS-g-MAH 3 256.9 12.7
5 243.1 153
0 191.0 26.4
1 201.9 294
PP-g-MAH
TPO/PCL 3 208.8 223
(90/10) 5 212.6 143
1 173.8 284
SEBS-g-MAH 3 171.7 324
5 164.4 35.8
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AR 2GS & vk oVIN FARES SR 1
SEBS®] &¥e]l 7|Q18k= Ao Fst = glom, “ﬁg}ﬂu 53
F 9 gk uhE PP/PCLY} TPO/PCL =2 7A14 &4
Table 39 B2 YeER|SITE
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of uf2 FEZX] W3S SEM o|g3lo] #2SI9It). Fig. 37 Fig.
4= PP/PCL Eaﬂtoﬂ PP-g-MAH$} SEBS-g-MAH Z}7}-2 AHg-35}
Az A7Vl o, 38312 gFgol] wE SEM ARI-S ERKSL
t}. PP/PCL ¥ =0l PP-g-MAHS 713t 7= Fig. 3(a)~(d)
ARRlollA & = Qo] AE-3lA1e] H7tel ks PCLE] droplet =L
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Fig. 3. Scanninig electron micrographs of the PP/PCL (90/10) blends
with PP-g-MAH content; (a) Ophr, (b) 1phr, (¢) 3phr, (d) Sphr.

Fig. 4. Scanninig electron micrographs of the PP/PCL (90/10) blends
with SEBS-g-MAH content; (a) Ophr, (b) 1phr, (¢) 3phr, (d)
Sphr.
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75 2 S & 4 Ut 39 SEBS-g¢-MAHE 713t -
°lli= Fig. 4(a)~(d) AF13} Zo] 4-8-skA)9] 7o mE PCLY]
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I} TPO/PCL BTl M QAT S7P)F B2 ¢k Z1o 7 A}
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YeRHQIT. Fig. 5914 B8 PP-g-MAHS &34l 2 715t 735
Sreko] Z71o)| whe} PCL droplet 717} A2} 7HAakA]wt 1 A7}
- 225 & = Stk Fig. 60141 B SEBS-g-MAHE “3-&-5}7]
2 A1 3ol PP/PCL EA= 735-91 AISHAl ko] Skl
w2} droplet 7] M37E 719 §les & Atk &2 0% PP-g-
MAH®] Z-9-¢lli= droplet®] 717} 2% ZHaabas QU7 5
7kk= 28 & 4+ AL, SEBS-g-MAH2] 7Z-$-ll+= droplet &] =17

Fig. 5. Scanninig electron micrographs of the TPO/PCL (90/10) blends
with PP-g-MAH content; (a) Ophr, (b) 1phr, (c) 3phr, (d) Sphr.

Fig. 6. Scanninig electron micrographs of the TPO/PCL (90/10) blends
with SEBS-g-MAH content; (a) Ophr, (b) 1phr, (c) 3phr, (d)

Sphr.
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Fig. 7. Complex viscosity of the PP/PCL (90/10) blends with PP-g-
MAH content; (O) Ophr, (A) 1phr, (V) 3phr, ((0) Sphr.

105

PP/PCL (90/10) without compatibilizer
PP/PCL (90/10) SEBS-g-MAH 1phr
PP/PCL (90/10) SEBS-g-MAH 3phr
PP/PCL (90/10) SEBS-g-MAH 5phr

odgq B>o

104

1 *(Pa-s)

103

mol
[ng]
[mg]
g
md]
[m]
[mid
Ch
CP
Cp
Cp
Cb
[
[
[
=
>
[m
>
>
[
e
[
[m>d
=3
[mg
[m 2
>
w3
[mi3

101

102

10!

10°

10?

Frequency (rad/s)

Fig. 8. Complex viscosity of the PP/PCL (90/10) blends with SEBS-
g-MAH content; (O) Ophr, (2A) 1phr, (V) 3phr, (O) 5phr.

= & Sk
RZzx Ay} we} 20| SEBS—g-MAH7}
BARA S ] W

==

PP/PCLZ} TPO/PCL S:I=2] 8495 0]
PP-g-MAHﬂr SEBS-g-MAHZS & ﬂﬂ]i
Skl Wk 71A1A A, RERA 183 #

7174124 s *QE}PP/PCL S@
o] gisto] PP-g-MAHS| Z-¢-oll=
S8k SEBs-g-MAHA Cand
A= 71—/\0},_ AL ek 4 N]\
MAHS] 7 ] ARc=
= ans UrEMRii SE BS-g-MAH/] S0
sk W FAEE Sk AdE LPEPLH Act.

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011

ﬁmmrg

=S

Fd)s)

1

A5 - 79
RE=ZA £7 A3 Pp/PCL EA=0] tI5}4] PP-g-MAHE &
A= 3718t 73-9-ol PCL droplet 717} Aashi= Ae o4 4= 9l
%21, SEBS-g-MAHS] 7d-$-ofl&= droplet®] 771 W37t A9 Sl

_CL ol— /\

2ASITE. TPO/PCL E-™=2] Z-9-o= PP-g-MAH “J-8-3}
A ] 717} droplet A712] Wi3}el] & G 4] Z3 ., SEBS-
g-MAH 2834412 ¢ 9IA] droplet 7] W37} A9 9les &
T Ak BT A4S T3 e S AR PP/PCLE:
o] PP-g-MAHE 7St 49 53 e & #lsP) Qe A
o = QJSlTh.

ARHoz BTl 7AH B4, B

7(
=

BEZEX 4 GHs BA] =

- —1-=
g A=} PP/PCLY} TPO/PCL Z}7}e] =0l PP-g-MAH “3-8-35}
A= PCL droplet 715 FHAAA AHEE A= 9T
319321, SEBS-g-MAHE SZ7} 5 T 7] = BAkA 22 o
S S Ae & S Qlth

Zz Ab

o] =2 XA AAN-9] oA PN 2] A0 el

FHULh

N2

—_

. Scott, G. and Wiles, D. M.,
Polyolefins: A New Look at Sustainability; Biomacromolecules,
2, 615-622(2001).

.Lee, M. J,, Lee, M. C. and Shin, P. K., “The Properties and Bio-
degradability of PCL/PLA Blends, Polymer(Korea), 22, 93-98
(1998).

.Chun, Y. S., Kyung, Y. J., Jung, H. C. and Kim, W. N., “Thermal
and Rheological Properties of Poly(e-caprolactone) and Polysty-
rene Blends} Polymer, 41, 8729-8733(2000).

.Reddy, N., Nama, D. and Yang, Y., “Polylactic Acid/polypropy-
lene Polyblend Fibers for Better Resistance to Degradation, Polym.
Degrad. Stab., 93, 233-241(2008).

.Li, Y. and Shimizu, H., “Improvement in Toughness of Poly(L-
lactide)(PLLA) Through Reactive Blending with Acrylonitrile-
butadiene-styrene Copolymer(ABS): Morphology and Properties;
Europ. Polym. J., 45, 738-746(2009).

. Wei, G-X. and Sue, H.-J., “Fracture Mechanisms in Preformed
Polyphenylene Oxide Particle-Modified Bismaleimide Resins)
J. Appl. Polym. Sci., 74, 2539-2545(1999).

.Liang, J. Z. and Li, R. K. Y., “Rubber Toughening in Polypropy-
lene: A Review, J. Appl. Polym. Sci., 77, 409-417(2000).

.Kim, W. S., Kim, I. H., Ha, K. R., Seo, H. J. and Kang, S. C.,
“Mechanical Properties, Thermal Stability and Biodegradability of
Poly(e-caprolactone) (PCL)/Poly (vinyl chloride) (PVC) Blends; J.
Korean Ind. Eng. Chem., 13, 759-764(2002).

. Cho, K., Lee, J. and Xing, P.,

Poly(e-caprolactone) and Poly(styrene-co-acrylonitrile) by Pseu-

domonas Lipase) J. Appl. Polym. Sci., 83, 868-879(2002).

Matzinos, P., Tserki, V., Gianikouris, C., Pavlidou, E. and Panay-

iotou, C., “Processing and characterization of LDPE/starch/PCL

blends, Europ. Polym. J., 38, 1713-1720(2002).

Rosa, D. S., Neto, I. C., Calil, M. R., Pedrodo, A. G, Fonseca, C.

P. and Neves, S.,

“Programmed-Life Plastics from

W

i

“Enzymatic Degradation of Blends of

10.

11.
“Evaluation of the Thermal and Mechanical



12.

13.

14.

73831 371ell W PP/PCL E31=8} TPO/PCL B=9] 7|A1F £ BERA] 9 {8k &4 347

Properties of Poly(e-caprolactone), Low-Density Polyethylene,
and Their Blends, J. Appl. Polym. Sci., 91, 3909-3914(2004).
Yoo, T. W., Yoon, H. G,, Choi, S. J., Kim, M. S., Kim, Y. H. and
Kim, W. N., “Effects of Compatibilizers on the Mechannical Proper-
ties and Interfacial Tension of Polypropylene and Poly(lactic acid)
Blends, Macromol. Res., 18, 583-588(2010).

Singh, G, Bhunia, H., Rajor, A., Jana, R. N. and Choudhary, V.,
“Mechanical Properties and Morphology of Polylactide, Linear
Low-Density Polyethylene, and Their Blends, J. Appl. Polym. Sci.,
118, 496-502(2010).

Kotiba, H., Mosab, K. and Fawaz, D., “Rheological and Mechani-
cal Properties of Poly(lactic acid)/polystyrene Polymer Blend,

Polym. Bull., 65, 509-519(2010).

15. Ho, C. H., Wang, C. H., Lin, C. I. and Lee, Y. D., “Synthesis and
Characterization of TPO-PLA Copolymer and Its Behavior as
Compatibilizer for PLA/TPO Blends) Polymer, 49, 3902-3910
(2008).

16. Alain, B. and Sylvie, P., “Investigations on Mechanical Proper-
ties of Poly(propylene) and Poly(lactic acid) Reinforced by Mis-
canthus Fibers, Composites.: Part A, 39, 1444-1454(2008).

17. Bledzki, A. K. and Jaszkiewicz, A., “Mechanical Performance of
Biocompositess Based on PLA and PHBV Reinforced with Nat-
ural Fibres-A Comparative Study to PP;” Compos. Sci. Technol.,
70, 1687-1696(2010).

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011



