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ABSTRACT : Maleic anhydride-grafted-polypropylene(PP-g-MA) were used as a blend component and
a compatibilizer, respectively, for two reactive blends of polyamide 66(PA 66)/PP-g-MA binary blends
and PA 66 /polypropylene(PP)/PP-g-MA ternary blends. The goal of this work was to investigate the property
differences between binary and ternary blends. Tensile strength, flexural modulus, heat deflection temperature,
impact strength, melt flow index, and the dependence of melt viscosity on the shear rate were examined.
The impact strengths of binary blends were higher than those of ternary blends at all compositions, since
the in situ synthesis of PP-g-PA 66 copolymer through the imide formation between the amine end group
of PA 66 and the anhydride group of PP-g-MA gave the increase of molecular weight and was more
popular in binary blends than in ternary blends. In case of ternary blends, most of the properties were
superior to those of binary blends, owing to the better properties of PP compared with PP-g-MA. The
toughened binary blends with 70/30(PA 66/PP-g-MA) and 80/20 ratios were not commercially applicable
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due to their poor processibility. So, the ternary blends which showed lower melt viscosities were

recommended for the commercial applications.
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Table 1. Polymers and Compatibilizers Used in this study
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Figure 1. Tensile strength of PA66/PP-g-MA and PA
66/PP/PP-g-MA blends.
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Figure 2. Flexural modulus of PA 66/PP-g-MA and PA
66/PP/PP-g-MA blends.
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perature.

Aglx~ewn 384 A3x, 2003

%
TN

=7t 802091 PA 6/PP B =] T A F
ZEo] 25%Y% la}iﬁ_ﬂ SEBS-g-MA(ShellA}<]
Kraton FG 1901X)2 102%% #71e A9® %4
Z57b AEPA R TdHH %%s}t AU &
Fsynergistic effect)S B ¥t 28v}, PP/} B
PA 66/PP Eal=(0/1000]4 32/68 Zw] B 9))ol
4] PP-g-MA(AristechA} Unite MP-880)8 4F3% 3
7FA] eRzte) 5 HYort 16 F3% Hrbrldl
= £ Ppe) FAZE sty g mad
gutd o= PA 64 3 xR B sl g
72 olwl Tl ot PA 669 Htele £
3 Aol T ol 1Ee] Ade A, T A U
A Qe A A7 FH EAZ FA4HETH
apo|2 sl g3 Eeloprto]=9ke] WH-E-A4
o] Ze}A|x F88A7L SEBS X EPDM 502
o] ol H$olle AR FA B ZHt
glov} PPY AS$e= 24 BY ade= gk PP/
PA 66 o]} BaAl=o Ao 443 PP PA

irl‘rq&

O.L;

66% B7Hgol Tt HIARE Ammiscibility)ol T
2A7D% At UH—r— A vehdtia B HY
E]_l']

B AT} o] FAE ] AR &xrt ZA
el SEBS-g-MA AH&3lAE o83 PA 6/PP
2 7%= PP/SEBS-g-MA % PA 6/SEBS-

gMA ol9l BASolE WA 483H(SEBS-
eMA} 20 F3% olge) AT we 4%

T e BT ol F=E g AAY &
FAZE 7% AHeolw SEBS-gMAE 10 <+
2% H7}3F PA 6/PP(80/20) EAl=dM Yeht =
ARx g dde FEFAIE oid & kg
PP iAol 7)Q1gtttn FRsIYTh & AFelMe
=3t =APE Y AU} PA 66/PP-g-MA ©]
9] 2#dl=o}l PA 66/PPPPgMA A1 Bz RFT
ol PA §afo] 5090 TF%Y W B F ULt
ol z 321E PP-g-MA L= PPd 7]Q1s 7;3
2 2253 Figure 92] SEM AlZojMz= P

66/PP-g-MA E3H]17} 90/10, 70/302]1 79 PA 660]
EYs 4e AT Z 2" PPgMA YA
A7} 01~1 mAlelE FAATE Jusksh=
ZE e Zlog Fwe] "t ol AR} %

N rlo

e

;

rl

—_‘-‘4

r F-lE



Za@olntol= 66/ FHZ2PA

A& HIPS = ABSo|A Za| X}
7174 0.1 m vk wf FAE ffok*& 7L 7}
A vehd 279 FE
At 047101]*1 ‘:'“ﬂff& d% PA 66, PP-gMA T
PP7} MR FARE FHEo BY=ste dojr|
e A% gko] 2H] AL Zrbshe e &
AR &S Btk Hola ole 44 % =
A Rt ol Bel=olx o ZA vehd

Q& AUk AnAHoE PA 66/Trawo =3}
AR Az YolH PA 66 TE AME TAlo] PP-
gMA FEEAE FI7IE ARSI o7 Tste
PPe} BA=dted ARSI FAREE UL
SAZE F AFE dF Tt et

iy
e
M
X
o
ol

I

L

~

ogt

==

%48t PP/} PP-g-MARTI E¥IF2LEHDDE
E7] W&ol Figure 4042} o] 4kl EA=(PA
66/PP/PP-g-MA)2] 7271 HAZoZ o] Bux
(PA 66/PP-gMA) Kt} £& AWIFLE e YE
Uiz glom JeAdel e TeEdtaEle Ay
A AR 3he Btk 244 RS B B
FollA PA 662 o] 80~90 FH% FYdA 4
HPLE gho] &3 Ao 2 My gach oF
A E=A Uelget o]& PA 660] B2 £/
A PA 669] mlEZ A EH7L u)e At B
4o Sl PP Y PP-g-MAS] o] Zo} 4
g PA 660 23e WHEHE HQ AR B
B}

[‘

¢

O

l"

Heat Deflection Temperature @4 .6kgf/cm?

—O-PABE/PPgMA |
& PA 66/PP/PP-g-MA]

0 20 40 60 80 100
PA 66{wt%)

Figure 4. Heat deflection temperature of PA 66/PP-
g-MA and PA 66/PP/PP-g-MA blends at the 4.6 kgf/cm2
load.

Eds9 Jds dF 267

Ty, Eeojriel= FRVL 2e we wlw
o] ATk Sathe Fo] AF3 PP/Nylon 62 §-&
Ag?of Wh PP-g—Butyl Acrylate(2.85wt% 12+
E)E 24 F% H7Hgel Wk AN 99

st PP/Nylon 6 o]g Bazox RO Ee
e HET 443 PP 2 Nylon 62 EHEew
€ Bt 9 F7keke A|A E9E BEInk

o oM

ol

3. &TE8 ¥ E85EAF

Free N9 AxAE 2 I FAd o
433 Aozt Yol wEel U A= A
Aol Hlnsiel F 55 Bel B 2
é 3}ed Figure 59 VFERATH AlHFA|
B5 A3 st AR EE A
]”%’5}5\’1‘4 Az AHHle AE F 40T
EollA] 2427 A3 RS VELE S
Flgure 50l Ho|= uHie} Lol o] Ez=s9}
C7}4 ztole wu|EtHth. F 7HA F&
EFA F5EL EF7 JF¥WARYG
ur PP-g- MA T PP/PP-g-MAZ} PA 66<]
"3% B pAAT AR AZE
2S5 0% A 67 PPe] X
S} A(PP-g-MA == PP-g-Butyl Acry-
late)7} AS7F AEsAE Qe AeRY §
T8E deER 02 Jd¥BARGD o TAAF)
= ZoZ JEhith
G20 FFaRT Bdo] e SGEBARMED
+ Figure 694 Hole nfe} 7ol PA 662 &

%§WT Féﬁ%%
- r@ o
m N R *”

—1>rxl>&£u,t$riﬂ%rlfﬁ£§i

B,

F

(
o

=
lﬂ
o
o}no o2,

]}\

o 32
y rir

Water Absorption{23°C/24hrs)

14

12 | [—o-PABB/PPg-MA |

1 | |—=—PA66/PP/ PP—g—MAJ
0.8
0.6

WA(%)

0.4
02

0 20 40 60 80 100
PA 66(wt%)

Figure 5. Water absorption of PA 66/PP-g-MA and PA
66/PP/PP-g-MA blends at 23°C with 98% relative humi-
dity for 24hours.

Elastomer Vol. 38, No. 3, 2003



268 127
Melt Flow Index (2757 /2.16kgf)
200 P—
-0 PA 66/PP-g-| MA
£ 150 —=—PA 66/PP/PP-g-MA
§
= 100
2 ]
[T
S 50 %/

0 L >—

0 20 40 60 80

PA 66(wt%)
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Figure 9. SEM images of the PA 66/PP-g-MA binary blends ;

(a) 90/10, (b) 70/30, (c) 50/50, (d) 30/70

Elastomer Vol. 38, No. 3, 2003



270 Rt

7l BT ol gstAldl <)s) PP-g-PA
F53A Ao 2 Ao gL
JPZES, BAT WA 118 5 <
2 83 b wel B 271 2§
de] & Aot o2 A Vet =
BAEE Fole 54 &g o]& 0}04 old £
=59 AYdHs oA F #@F SEM ARRlE
Figure 99 EAI3tHTh =, PA 66/PP-g-MAS] F&F
Blg-o] 90/10 ¥ 70/302 T(130T)) AA™
(xylene)& o] &3}o] #41El PPg-MA S A7 s}
A3 50/50 2 307081 AS$E AR AHformic acid)
S o]R3El Eak®El PA 66%42 AASITE B4
Aol 77)= 50/50(PA 66/PP-g-MA)ol| A7+ 1~3 1m
AL Wels B 70/30 % 30/702 0.1~1 m
Frol #7)2 o]Foid gL o BANES B
@Fort 90/102] Ae AHo=Z PPg-MAS] ¥
ZFo] 10%2 2 715l iAol 2= 0.5 m
oltz Agtow I FAE FE3 Fgith old
B EoA Babge] Av|eh 2 B o PA 66
3} PP-gMAMAZL 0.6 3% L2ZE §) Alo]d
3lehghgo] A3 dojd oz uEm B
%9 PP-gPA 66°] A=l LF= PA 663
PP-g-MAS] Al x|et AL HAE 2§35}
of iG] HA7)1E HAAZI UPAE PA 669
Zol whge 2 rE %—Z?{hﬂ?ﬁ? PA 66 HHE

_n
r}m
2
—LJ
£ 9

i _é

r_l

_4

A

. 4

i

Zejolrlol =} Zelgdme BASE A
oz FelojrlolEe] FARES F/MIL S
489 WAL BH0R Bo AFHUT B
FolAE olsh @& A4 Slo] Eelootol=e
Mia) gidos we Eaedu et &
SE0, HDT, QA4E, 2394¢ Sl o
@ ZaE Aesng g w0
g4o] 953 PPotel BA=E A=tk
=i A

F_&

ok
=
2

AgtAEw] 4383 A 33, 2003

AR EHE Hole AAE Aok

E3], PA 66/PP-g-MA2] ©]9 EA=oXe =4
Zxe diFA] Y AAE Yoy dHe=
229 HErt =& wHo) AP PA 66/PP/PP-
gMA A9 BllEs AR o At o
HojA| x| gt 7eke] 71AH, 44494 2 ST
€ 7F84) S0 84 o & Aol U
& Ak ZEFHOE, PP-gMAE o83t P
662 A= N 2 PP B JHA %_'—olcoﬂ
Az oz HAZo] 7F53k3 PA 66 2L PPAl B
A Foplz F4o] 7FEEs AT & UM

mlo
= e b

O{N

#ned

1. R. P. Singh, "Surface Grafting onto Polypropylene-A
Survey of Recent Developments”, Prog. Polym. Sci.,
17, 251 (1992).

2. M. K. Nagvi and M. S. Choudhary, "Grafting of
Vinyl Monomers on Polypropylene”, J. Macromol.
Sci. C:Rev. Macromol. Chem. Phys., 36(3), 601
(1996).

3. F. Ide and A. Hasegawa, "Studies on Polymer Blend
of Nylon 6 and Polypropylene or Nylon 6 and
Polystyrene Using the Reaction of Polymer", J. Appl.
Polym. Sci., 18, 963 (1974).

4. S. J. Park, B. K. Kim, and H. M. Jeong, "Morp-
hological, Thermal, and Rheological Properties of the
Blends: Polypropylene/Nylon-6, Polypropylene/Nylon-
6/(Maleic ~ Anhydride-g-Polypropylene) and (Maleic
Anhydride-g-Polypropylene)/Nylon-6", Eur. Polym. J.,
26, 131 (1990).

5. R. M. Holsti-Miettinen, J. Seppala, and O. T. Ikkala,
"Effects of Compatibilizers on the Properties of
Polyamide/Polypropylene Blends", Polym. Eng Sci.,
32, 868 (1992).

6. 1. Grof, M. M. Sain, and O. Durcova, "Structure-
Property Relationship of Modified Polypropylene-



10.

11

13.

14.

15.

FEejolrtol= 66/ Bz P BA=9] 3 A7 271

Polycaproamide Fiber", J Appl Polym. Sci., 44,
1061 (1992).

. O. T. Ikkala, R. M. Holsti-Miettinen, and J. Seppala,

"Effects of Compatibilization on Fractionated Cry-
staltization of PA6/PP Blends", J Appl. Polym. Sci.,
49, 1165 (1993).

. H S. Moon, B. K. Ryoo, and J. K. Park, "Con-

current Crystallization in Polypropylene/Nylon-6 Blends
Using Maleic Anhydride Grafted Polypropylene as a
Compatibilizing Agent", J. Polym. Sci. Polym. Phys.,
32, 1427 (19%4).

. J. D. Lee and S. M. Yang, "Effects of Mixing

Procedures on Properties of Compatibilized Poly-
propylene/Nylon 6 Blends", Polym. Eng. Sci., 3523),
1821 (1995).

A. Gonzalez-Montiel, H. Keskkula, and D. R. Paul,
"Morphology of Nylon 6/Polypropylene Blends Com-
patibilized with Maleated Polypropylene”, J Polym.
Sci. Polym. Phys., 33, 1751 (1995).

S. N. Sathe, S. Devi, G. S. S. Rao, and K. V. Rao,
"Relationship Between Morphology and Mechanical
Properties of Binary and Compatibilized Temary Blends
of Polypropylene and Nylon 6", J. Appl. Polym. Sci.,
61, 97 (1996).

. J. D. Tucker, S. Lee, and R. L. Einsporn, 'A Study

of the Effect of PP-g-MA and SEBS-g-MA on the
Mechanical and Morphological Properties of PP/PA 6
Blend", Polym. Eng. Sci., 40, 2577 (2000).

A. Tedesco, R. V. Barbosa, S. M. B. Nachtigall, and
R S. Mauler, "Comparative Study of PP-MA and
PP-GMA as Compatibilizing Agents on Polypro-
pylene/Nylon 6 Blends", Polymer Testing, 21, 11
(2002).

J. Roeder, R. V. B. Oliveria, M. C. Concalves, V.
Soldi, and A. T. Pires, "Polypropylene/Polyamide-6
Blends: Influence of Compatibilizing Agent on Inter-
face Domains", Polymer Testing, 21, 815 (2002).

1. Duvall, C. Sellitti, C. Myers, A. Hiltner, and E.
Baer, "Effect of Compatibillization on the Properties
of Polypropylene/Polyamide-66(75/25 Wt/Wt) Blends",
J. Appl. Polym. Sci., 52, 195 (1994).

J. Duvall, C. Sellitti, C. Myers, A. Hiltner, and E.

17.

18.

20.

21.

22.

23.

24.

25.

26

Baer, "Interfacial Effects Produced by Crystallization
of Polypropylene with Polypropylene-g-Maleic Anhy-
dride Compatibilizers", J Appl. Polym. Sci., 52, 207
(1994).

S. J. Elliot, K. M. McLoughlin, and E. B. Townsend
IV, "Properties of Nylon 6,6/Polypropylene Blends
Compatibilized with PP-g-MA", Proceedings of Sym-
posium on Polymer Blends, pp.73-81, 1997.

S. C. Manning and R. B. Moore, "Carboxylation of
Polypropylene by Reactive Extrusion with Function
for Use as a Compatibilizer in Polypropylene/Poly
amide-6,6 Blends”, J. Vinyl. Add. Technol., 3(2), 184
(1997).

. H. Hiroshi and K. Takeshi, "Nylon/Polypropylene

Adhesion Composite and Its Manufacture”, Japanese
Patent (Publication) 190,989(1994).

T. Kazuaki, K. Yakiro, and H. Shigeki, "Polya-
mide-Polypropylene Based Fiber", Japanese Patent
(Publication), 299, 511 (1987).

Z. Liang and H. L. Williams, "Dynamic Mechanical
Properties of Polypropylene-Polyamide Blends: Effect
of Compatibilization", J Appl Polym. Sci., 44, 699
(1992).

S. Kim, S. Lee, and J. Kim, "Properties of Poly-
propylene/Polyamide 66 Blend Compatibilized with
Acrylic Acid Grafted Polypropylene”, J Korean Ind.
Eng. Chem., 11(4), 414 (2000).

D-L. Xie, D. Chen, B. Jiang, and C-Z. Yang,
"Synthesis of Novel Compatibilizers and Their Appli-
cation in PP/Nylon-66 Blends. I.
Characterization", Polymer, 41, 3599 (2000).

A. Gonzalez-Montiel, H. Kesskula, and D. R. Paul,
"Impact Modified Nylon 6/Polypropylene Blends: 1.

Synthesis and

Morphology-Property  Relationships”,
4587 (1995).

J. Rosch and R. Mulhaupt, "Comparison of Maleic-
Anhydride-Grafted Polypropylene with Maleic-Anhy
dride-Grafied Poly[styrene-b-(ethane-co-butene-1)-b-sty

Polymer, 36,

rene] as Blend Compatibilizers of Polypropylene/
Polyamide(70:30) Blends", Makromol. Chem. Rapid
Commun., 14, 503 (1993).

H. Domininghaus, "Plastics for Engineers”, Hanser

Elastomer Vol. 38, No. 3, 2003



272

27.

28.

Publishers, New York, 1993.

C. Li, Y. Zhang, and Y. Zhang, "Melt Grafting of
Maleic Anhydride onto Low Density Polyethyelene/
Polypropylene Blends", Polymer Testing, 22, 191
(2003).

R. M. Holsti-Miettinen, J. V. Seppala, O. T. Ikkala,
and I. T. Reima, "Functionalized Elastomeric Com-

patibilizer in PA 6/PP Blends and Binary Interactions

A 2xr A38H A3x, 2003

29.

Between Compatibilizer and Polymer", Polym FEng
Sci., 34(5), 395 (1994).

S. Sathe, G. S. S. Rao, K. V. Rao, and S. Devi,
"Effect of Functionalized Polypropylene on Thermal,
Mechanical, and Morphological Properties of Polypro-
pylene/Nylon 6 Blends", J Macromol. Sci. Pure

Appl. Chem., A33(8), 459 (1996).



