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ABSTRACT The amounts of tetra–pod like zinc oxide whiskers (T–ZnOw) used, the surface treating
of the whiskers, the mechanical properties, rheological behavior and heat–resistance of the polypropylene
composites were investigated. The results showed that the tensile strength of the composites was enhanced
to 118.6%, bending strength enhanced to118.3%, when KH–570 was used as a coupling agent, the amount
of KH–570 to be 1.0w%, the amount of whiskers about 10w% in the system. The infrared spectrometry
showed that the surface of whiskers was increased carbonyl, C–O–C, Si–O groups after treating by the
coupling agents. Furthermore, scanning electron microscopy analyses revealed the improved morphologies
of the fractured surfaces of the composites. The non–Newtonian exponential of T–ZnOw/PP was higher
than that of PP generally, so it was more like Newtonian fluid and the melt flow ability and processing
stability of PP were obviously improved after the adding of T–ZnOw to PP.
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1 ��12
28%3��: ($/ (PPH–XD–045) ���

�! (T–ZnOw), /) [2]�19302 (KH–550, 560,

570)�4:5302 (NDZ–101, 105, 201)�1�2

(1010) .1�2 (DLTP).

2/)���� T–ZnOw  110536 12 h;2

�647�52 – 302 869�%;<753,

284��!4559-#6*+-.:.;7,  
:267�<;�78=52, 60 5;9�36 2

d 7)>;7(��� �!. <72;7(��

� �!:($/ ='8#9-,%:=86�?
9'�;8)>����� �!��($/0'�
�. <>)=76*.&@?.

A;<B> GB/T 1043–92 =6�Æ>@?0

'���9@.&, 9@=C 50 mm/min, @?2

C� 20 5; A;<B> GB/T 1043–93 -�:?
;D?28Æ>@?0'���D?.&; A;<B

> GB/T 9341–2000 ?8Æ>6*0'����4

>A.&@?, ?@@< 8.00 mm, => 40 mm, 5

A=C 50 mm/min; %;E XLY–I ,?A@@FB
@?0'���@F.&: ?A@/ 40 mm, @<
� 1 mm, L/D=40, AA9BBÆ; % KBr ?B>

 NEXUS470 BCCCBD@?�!�:.D.E
C; GFHE;, 205/minG2=* 25–5005

FDHI PP�PP/T-ZnOw 6*�C$E;  ?=9
@�D?JBD./=, JB:.IE;7, % JEOL

JSM–6360LV ,JF�!FGGGK��JB�H
H, ,IK�!:HI(&��'EC.

2 � !"#
2.1 $%&'D()E*+,-.F/0

LJ 1 JK: K$�!%4��5, 9@�C

.JL@/*-J�5, ,G I4� 10% ;��
H,I, -9@�CL�> 118.6%, JL@/*L�

> 132.36%. -7KMM4��,, 9@�C�N;
M. J*�JK'LM����37, N-%4�H
OI. �!%4P�, KKN�%� PP OL, �L
0'���.&;M. J 2 ��!��($/0'
���9@Æ/ –ÆFAO, 0'���9@*�<

7QÆ)���JL*�. NM�PQNOO.F

HP<, >P A 47, �!QRKARST.O0�
%, P��:R��.JL. K$�!%4��5H
F4�, (J 2b,c), %4P,Q/PHF4M' (J

2d), M-HINH%�$!��%/OQ [3]. 9@

*�:Q, HINR9Æ/+P-.U5�!ST,

�!QR)V$9Æ/, L/P0'���9@�C

L�; S;, T–ZnOw ����)5S.PN HI
#OP$S, �LSQF���BJ.

J 3 :Q: K$�!I4��5, D?�C�N
M', �!I4 0–12% ;, ;M=CR45, W�

!I48P 12% ;, -D?�C;MRS. -3M

1 1 TTTU�VTUXU�VUV
Fig.1 Tensile strength against whisker content (KH–

570, 0.5%)

1 2 VTQW – QYVU
Fig.2 Tensile stress–strain in curves of the composite

on mass fraction of T–ZnOw (a: 0%; b: 5.0%;

c: 10.0%; d: 15.0%.)

1 3 TTTU�WWXZVUXU�VU
Fig.3 Unnotched impact strength against whisker

content the amount (KH–570, 0.5%)
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): ^.��I (T–ZnOw) P0'���T.���
=R[K.L\R], W-Y4�5>�6I7, J
�R][=R^S�%, P-D?�C=R_F [4].

: 1 \=)�!��($/0'����4>
A�C.ZC�C. K$�!%4��5->A�
C�>A+4.ZC�C+�NL�, W�!I4P

> 15% ;, ->A�CL�> 118.3%, >A+4�
R,L� 116.0%, ZC�CL�> 118.4%.

U 1 TTTU_`VUX`Va
Table 1 Data of 3–point flexural testing on mass

fraction of T–ZnOw

Whiskers Bending Curving Flexibility

content strength module strength

/% /MPa /GPa /MPa

0 68.460 0.86 68.090

5.0 72.107 1.10 63.000

10 80.680 1.30 79.130

15 81.857 1.86 80.357

LJ 4 J,[=, W�!I4RL;��:a
PP (&bc�[\, W�!I4R, (J 4 # d P

> 15%) ;�^.>A, P>A�C – ÆFAOd=
;M. N�!S;�QRARST]O0.^.�
�I�T.����[K.E]L\R]�^C�
%.  -%4RL;, :R=QRARST]O0�
%; 8P�6Y47, T.����[K.E]L\
R]E]^S�%FR, Q/P-.&;M.

2.2 $%FW2X3D()E*-.F/0
�!:('0HIN�\(�-..&, P�!

&^(.STÆ/�$SÆ/, K>b����%.

: 2 :Q: �!] KH–570 302;77,

-9@�CL�> 114.2%, P1BD?�CL�>

122.8%,>A�CL�> 107.6%. 302$!�c+

1 4 TTTU�`VUX – eYVU
Fig.4 Bending strength–deflection curves of speci-

mens on mass fraction of T–ZnOw (a: 0%; b:

5.0%; c: 10.0%; d: 15.0%.)

PFd_/:($/,$!�',^�c: T–ZnOw

H%R��__,  �!:HIN�H%�B-.
U, K>O0BÆ.f,&4��%, �`P T–

ZnOw ���b��% [5]. /g]302;7P�

0'��, -`a.� T–ZnOw :('0.,bb,

O;%b$a, P���/�.&M'.

%19302 KH–570 D.7, �!:.Z%-
]F[DF,  1714 cm−1 ��QF�\H@1]e
f,`, 1125 cm−1 ;�� C–O–C @1]ef,`
(J 5). % KH–560 D.7^ 1112 cm−1 ;� C–

O–C @1]ef,`. %4:5302 NDZ–101�

105�201 D.7 ZnOw �:.Z%_-])F[D
F,  2845–3000 cm−1 =R�`, �aH C–H @1

]ef,`, 1451 cm−1�\H]e@1f,`, 1121

cm−1 � Si–O f,` (J 6). `fJK, %302;
77��!:.�5)\H�C–O–C�Si–O �Hh,

�`P�!: PP (&�S(.bb.

`: 3JKg%302;7P��!�� PP �

/�.&7g];7��QFDc,M�302�5

U 2 dbbhcTT_eYZ��W�if`Va
Table 2 Effect of different coupling agents on mechanical properties of composite

Surface treating Tensile strength/MPa Unnotched impact strength/J·cm−2 Bending strength/MPa

PP+whiskers 33.082 4.354 72.325

PP+whiskers(KH–550) 33.582 4.986 78.653

PP+whiskers(KH–560) 35.098 3.998 78.987

PP+whiskers(KH–570) 37.812 5.349 86.654

PP+whiskers(NDZ–101) 33.180 4.687 76.124

PP+whiskers(NDZ–105) 32.166 4.025 74.743

PP+whiskers(NDZ–201) 35.386 4.232 80.659

Notes: whiskers content/10%, content of coupling agent/0.5%.
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1 5 cjdbbdie` T–ZnOw `fkggV

Fig.5 IR spectra of PP/T–ZnOw composites modi-

fied by silane coupling agent

1 6 albdbbdie` T–ZnOw `fkggV

Fig.6 IR spectra of PP/T–ZnOw composites modi-

fied by titanate coupling agent

U 3 imcU`dbb_eYZ��W�if`Va
Table 3 Effect of coupling agent content on mechanical properties of composite

Coupling agent content/% Tensile strength/MPa Unnotched impact strength/J·cm−2 Bending strength/MPa

0 33.082 4.354 68.090

0.2 34.772 4.508 74.698

0.5 37.362 5.349 83.587

1.0 36.414 5.987 80.324

1.5 35.450 6.543 76.153

2.0 34.040 6.894 70.197

Notes: whiskers content/10%, coupling agent/KH–570.

9�`P�!�+-$S; 302%4RL;, �!

-& (&#+-$S; 302%4� 0.5%, -j

H: T–ZnOw :.�'H%R��__, /�8%
$d:HI PP b�', H%R��k$!-.U,

�`P9@�C.>A�C�L�; *), 6�?�
5302%4, 302 T–ZnOw :.H%�$!
U,^�de�!fU�302$!:�!��3!
H%R��__, -n�302$!gdGQ�$!
�Fd_/(h HIeD [6], L/M'���9

@�C.>A�C, /�`PD?�C�L�. W3

02�%4� 2.0% ;, 0'���D?�CL�>

158.3%. 302,,Dc)(&: T–ZnOw �`',

-^S.5�, PiGL\ h*;f>�CS��
T–ZnO �!/-]hg.ih; 302 iibN
�K$4D�%, &�B.f,D?&, P0'��

��R��D?�C.

2.3 ()E*F4j-56-.
('0�@F*�I���%,5j])0.

&E]Ck.6, &7��)�!�� PP Io�5

j@F*�. : 4�-S%4�!I T–ZnOw/PP0

'���jllY (n) �.6. L: 4 J,[=: M

MIo+pP 1, mRn,�k-.*�; 59�!

7, Io� n I,Pa PP, /kK�!%4��5
-lIS[Pjl.@I.

J 7� 2205�jm=*l6;, T–ZnOw/PP

U 4 TTcU� n m`U�
Table 4 Relationship of whiskers content with n

value

Whiskers content/% 0 5 10 15

n 0.58 0.64 0.69 0.73

1 7 TTcU_nX`Va
Fig.7 Effect of whiskers content on viscosity
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Io�KC:�!%4�mo. 59�!7, Io�

KCnopPa PP ?=; K$�!%4��5, I

oKCM', :R=^(�@e.. �!�59P PP

lI# PP ,$!N��bnp�OQ/=R3p,

�L@e�/Op.

J 8 � 220 5;��!%4$q� 0 phr . 10

phr ;, Io�KCK;�F��AO. J 8 :Q: K

$;���5, a PP �KCrq;M, 5 min 7KC
;M=*L�, / T–ZnOw/PPIo�oCKlo;
�F��[\-p PP F[:  0∼5 min FDHH

&Hrl6, 5 min 7KCsq�;M. `fJK, 5

9�!7, Io�5j.)>)Dc.

1 8 rstk_nX`Va
Fig.8 Effect of melting time on viscosity

1 9 PP/T–ZnOw ` TG/DTA VU

Fig.9 TG/DTA curves of PP/T–ZnOw , (a) TG

curves, (b) DTA curves A1: neat PP; A2:

PP/T–ZnOw (10%); A3: PP/T–ZnOw (15%)

1 10 YZ��tXrl`umun

Fig.10 SEM photographs of the fracture surface of composite, (a) no whiskers (b) whiskers–(T–ZnOw

10%, KH–570 0.5%) (c) no surface treating–(T–ZnOw 10%) (d) surface treating–(T–ZnOw 15%,

KH–570 0.5%)



470 � � � � � � 21�470 � � � � � � 21�470 � � � � � � 21�

` PP .-S04$Y� T–ZnOw Z%�0

'��- TG AOpIF�bc (J 9a), A1 v

C 99.87%, A2 vC 91.99%, A3 vC 85.31%; DTA

AO�R,�6�`, A1�A2�A3 =0�l4$q�
164.1 5, 165.7 5, 168.0 5 (J 9b). -3M), �

!oc�wpBÆ [7] K%o2��%, P�IxqS

=q, ��C�5, l4G�. ^�Æ., T–ZnOw I

PP ��.&.6K$ T–ZnOw 04$Y��5/A
�L�.

T–ZnOw/PP 0'��?=]rG'2^J3P
:.DIE;7, <7%JF�!FGGGK-GG
HÆ (J 10).

J 10a�J 10b yQ�!�59bOs�HI-
]zpÆF, �5)qSD?&, PIoJL��.J

L [8]. J 10c g59-.D.2� T–ZnOw/PP 0

'��#�,4rs��!, -:HI(&��-.
{sk$S-+-, W0'��R>9@|r;, T–

ZnOw L PP HI#v=, t;)7RCs�uw; /

J 10d ]302;7P�0'��#tuv�rs�
�!, ib-.+v, yQ T–ZnOw &wÆHI(&
^(.xx, :HI(&H%)R(�-.U.

3 � #
1. %19302 KH–570 ;7����!,  -

:.H%\H�C–O–C�Si–O�Hh�`P-.�';

K302%4��5, T–ZnOw :.H%�$!U.

����!04$Y� 10% tu;, 0'���9@

�CPH,I (118.6%), W�!I4P> 15% ;, -

>A�CL�> 118.3%.

2. ����� �!��($/0'���y
jllYno,Pa PP /S[Pjl.@I, Io

�@e..5j.)>QFDc. �!�oc%o]

���%P0'�����.�NL�.
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