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The Effect of Wood Powder Content on the Performance of Continuous Solid-State Extrusion
Self-Reinforced PP Composites
Cai Jianchen', Jiang Jinyun', Zhou Zhaozhong', Shuai Renming', Xue Ping’, Zhuang Jian’
(1. College of Mechanical Engineering, Quzhou University, Quzhou
Beijing University of Chemical Technology, Beijing  100029,-China)

324000, China ; 2. Institute of Plastics Machinery and Plastics Engineering,

Abstract : The self-reinforced polypropylene ( PP) composites were made by solid-state extrusion using single screw extruder.

The performence of composites under different wood powder content were tested and systematically analysised. The result shows that

the density appeared liner rising-trend with the increase of wood powder content. The tensile strength and bending strength increase

firstly and then decrease with the maximum on 50% of wood powder, the tensile and bending modulus increase and elongation at

break decreases. The heat resistance significantly improves and crystallinity decreases because of the increasing amount of wood

powder. The interface bonding of composite abates with the increasing addition of wood powder and finally the performance is

affected.

Keywords : polypropylene ; composite ; wood powder content ; continuous solid-state extrusion ; self-reinforcement

HEDRAO R E MRS (W FEAM A
YRR AT A5 ) SRR, (H—E ARG B 50 & LY
A AT 257 M SRR AF A BT IR X IR Y 15
YRR TR S ANZ AL TR FORAR B I ek
IR A BRI R [ A SN IE A 2 —
AW B G R DU I EAE I 2 iR (A
/ VTBERE ARVERIRGFE R ) Mo 7RG (45
el ) VS F2 2 JEORE O RN — S LA i L
B B AR~ B3R, G s el B2 Jin T —Fif]
PR B SRS R, 2 H AT R BEAS IR B 4 (. 35
TR AEIRETT BHEUR T Y9 REmRHRSS Al $522 A i 5
PERUE Bz — T R AR AW R it
JE b AR A R AR E M S
o) e B R A SRR B Y (A B S b
PBEA B WAF AR i i o AR 5 B B0 2 A
W T e AR ML I T AR T S %

BLIIRENE B BB AT oK o AL, Tl e o |
e AR MR L v AR U SRR A B )
AR A5 C 2 203 RN T AR ) — I
WgE iR >

AN GE A R A fa] B v 2B ) o 2 A AR
PEREHEAT TR SY , B R AR B, — i
RN 5 , SRR A AP 5, BISR TR I 2T 4 sl G
HLAAKAL 25 T5 R R AR i R A 5 AR, U4
BITEE MO A P R PR RE SR S Wy ] i A E Bk,
HENARZEE AN T S 25 4 [ AU R el )

* WL A H SRRl 2% 3 4 35 H (LQI6E030008 ), [ 5 4 K 2%
A A 3 Bk DI 23 R I H (201611488004 ), #i T4 20 & )T W H
(Y201534120)

RN BT, 002 WA S0 RN e 2R TR R A
AT R TARH AT W WFIE TAE

Wik F1381: 2016-12-26


杨超


BEERL, A AR B i 0 LR AS B Y A 1R PP PERERY IR 27

PRI 1 ) 240 2 G n T 17 P R 5 3 o ] e o e B
I3 —Mh A SR, BIE AR AN TS T A A AR
TR AR IR HES A P 1) di AR Sl A £
I BEBRAROR S R 7 A PERE L 125 VR P S SR AR SRR
SRR L T IR — A2, S ) A SR Gk, BE
YA D) 1) A RS e St ) Wk = e )
FHRL 1 TR S I SR Y — A =k T

B LB A B HRAT B AL, SR HESE
FIRCRAR 5 3% , (PR E Ve A B B 5 7R 5% 1 A
ZEg | AL RWERTT , 8 i IRl A [ 20k
BN (PO BRE UL SRR LT ) 2k
e HEAE AR A BRPEASIE | AT s ] il O PR E
FTARSEIPE 1R SRIGZITERIRAF AR
EET R AE Y B S RORNRRE DE AR B A
SE[AF A TR AR o AR Y B A AR RE Y
MR

Fl;

J7 BE #f Kl ik 58 L. MODEL 1185 %, 3
Instron 2\

PPEREMNR L : CEAST HDT6 MCAT %!, &
H] CEAST /Al ;

22 AR (DSC) 1X: Pyris 1T #1, 2 [¥ PE
44 7 51485 (SEM) : Hitachi 510 %Y, H A<
Hitachi A #] o

1.3 XAEH &

TRFE R ) 45 R R A S B A A R 1
BEHT K AN CEE 105 °C A1 b1, A H:
7K 3 TR T 3%, 22 177 2R FHA 356 551 0 JHL 3% T i
ATECPEAL R ; SR 5K BT A 52 90 SRRt & T i IR A AL
SRR A 10 min g5 2Rk FOSURFFBF B AL IR &
YIS Rl A T A T R, R 1 AN 1A
7N o

Z\;

Zl

I—HURAFET L ; 2—E BB 5 3—8 A ; 4— O AREL
S—HETY FI8; 6— 231 HL; T—HRhhy 8= HATR iR Y
B AR A ADRRE SRS B th 1 R

1 SEES
1.1 SE3RMA

RMs (PP) - SR sl % (MFR) h 2.4 g/
10 min, INEE KN FE/R A H]

KK 178 pom, WIVTA VLI B A A FRA
GF

FHAE T IR 3R 205 0 TCHLIER 25 0
B 71 =0 51| P
1.2 EBNEREEL

HETE ST B ML KS20 Y, B 1L BME R 3L
WA BRA A 5

IR AL SHR-50A K1, 3k 58k T = 24T IR
MU

PARZATET ML . SI—45 HY [ = 22 SR LA
A BR A

F PP R B X TR A . SFG-02.400 Y, #5471 Tl
YA PR

25| H1: 500 B, f oty 3, U e b % BT ALK
AR

HLFFF: JAS003 B, I g4 PR AU SR A PR

&1 EHLRE <
—IX —IX =X paix Pk B
160 165 190 180 165

AR, I SLRAT 5% S FLEA 73 22 [ 2 8%
F 38 5 Y HE TR RN PO B I E S 130°C, H
BLHE AR R 200, FEAETE COBLEOPE AT T, B0RE AR il
20 mm #iAE K 11.5 mm, £ 5 A 3, AR & &5
SEEL 20%,30%,40%, 50%,60%,70%.
1.4 HRER EAE

9% B R A, R T AR Y LB A T
53T

PP REFE B GB /T 1040-2006 Wik, o7 e
J&°4 10 mm/ mim.

25 i PEREFR R GB /T 1449-2006 izt , il FE K
BN 16, BRHIRRE 5 MR, 85 R BOF4(E

it A PEREMIA . 61280 50 N, FHELE %A 50°C
/he

DSC M3 5 30 v 7 0 T 4 il 1) ) B
0.5 mm JEREH -, LA 10°C / min A4 3 BE M 30°C T
F]200°C.,

TS RAE : K XA 7R W A B L0 ) TR T
W4 2 mE A PR FH SEM LR, FE4ri e
2 RS54
2.1 RN EE

B 2 AARTRIARS & T RE R 2 AR T il 26
Bt 5 A 5 5 N 20% 3N E 70% , 1 RE 1) 2 R


杨超


28 TR R

2017 4E, 45 45 45 46 3 1)

BT AR & R 70% B, R R
1.28 g/em’s SAMMEE (130~ 1.50 g/cm’) H
L& Sligs

1.28
~ 124 /
E 120 /

5]

w 116
<2 /
i
b 1.08
1.04 ‘ ‘ ‘ ‘ ‘
20 30 40 50 60 70

AR /%
2 RIEAK o TR

2.2 hFHak

B3 R AREAH & & FilEE g,
K3 0T LA, Bl AR K & i A2 B ks, iR Y
P i B SIS R, TEA &5t Ry 50% i iAF|
] KAH 45.8 MPa, [ FHIRE IS 21%, HBEE A ¥ &
H N E] 70% B, FEAK 2 36.5 MPa, S 5 A5
HHIFEE AR & B G INE B EI S
1040 MPa -7+ 1390 MPa, K T %) 34%.

60
11400
501 i s
<
=] A |
S 40 E/E/E; 1300 =
~
= 30 - i
% 11200
E 20} =
= ®
= 107/§ {100
§ =
0 11000

iO 3‘0 40 50 (;0 70
ABEE /%
3 RFRAK A TR A

B 4 MARFEAR & A i PERE . mIA
4 R E R S R A AR 5 i S B
G208 FIHE R RS AR F iR 50% B A H]
B KAH 44.7 MPa, BRIk 16%, (E AR & 5N 70%
i, B R 35.2 MPa. 25l PR s S AR 5
FRIBE N S BURWT TR A 3R 5 TR 70%.

60 /5000
<
50 ¢ { §/§ 4500 &

-

S 40 | — >
S P E\i, 4000 I
D30t & %‘
= " /L 13500 &
£ 207 =
T //é 13000 %0

o b ‘ ‘ ‘ ‘ 12500
20 30 40 50 60 70

AR/ %
CENNEIF S il v gkl daiid
P S o 7R LA BT R 25 925 1722

iR, mIE S TTLIE H BE AR & A3, it
R ) 7 A8 R R A A B T R e 3, L
Hh WS T BRI R A 66% , 25 T 0 AR T B R
FEIRE] 64%.

2, -36

20, 132
R ISH\% 128 ¢
= 16k 124 >
~N 1
DR R g
= 12 {16 =
= 10t >\E 112 g
gl 18 =

6| 14

4 L 0

200 30 40 50 60 70
ARBy e/ %
s RIRACHS i IR A5 s TR

ZEAIYATIE 2~ 1B 5 AT RLE R, AR AR
T 50% I, A AR A i 32 A2 i i B B AR B
PRGN —E B R BT O T AR B —
KAR L, RIS & A v FE A o, T R G
FEAR B R AR B AR & ik — PR R
AL 5 RS R R B AN B A (3 T T R, X
R AR R RIS PP SR A 2T, T
B 73 PN SRR FH 23 A5 AR 2Z ] (A0 AR FE
W R, I 2 A P A TR B, o BOSCR
I, IRl ARy 5 PP FUIRIAHZS PR 22 , DA 36 J 1A
For A B RS R BE A R B AR WA R, HE
HABRI R, R AR — BFLBUR, 4k
AT R RS R TR R AW B R RE
TR B 7 B AR 20 B v, DTS S A T A5 2]
i — 2P 3K, PR MG SR G A A s A e A 2
by P A e I A5 S TP Bt AR TS A £ 4 1 o
AN, MR W 2R N R IR R T
AN S Il 3R 5 W AR 1 3 B A7 B 5 [
AR W PR BEASF T g 2 1A% 388 5 43180, Rt
AT R AW K AR TR IR BE ) o AR 5 B
AH53 AT R IR G B B0 i 7 A 0 ) 4 rh A R B 1)
MR AR B, DT RE— 25 B A T R A AR T
XL PR 2R A AR i B AR AR 0 2, e HA R 3L
TWIBHRRR A
2.3 @RERE

Bl 6 i g4t -R ALz, MK 6 Al LLE
Bl AR i BN, 4R AR EE AN W BT
DAL I ARy B ()38 0 B AT R $ = A= W B A2 5
AHEAE A o 3% 352 F T AR S 3
A TR R AW & kb, AR BRI K 4y
T 5 R G YR b S 5 S R TE B ) 4


杨超


BEERL, A AR B i 0 LR AS B Y A 1R PP PERERY IR 29

YR AW AR R B T AR R

R AT AR AL, i L $AVE BB A5 3] 1 05 .
165 1

164

163

162

161

160 |
159 /
158
5750730 40 50 60 70

ARy /%

B 6 AFIAK & TR 4R AR
2.4 LM

B 7 AN RIAK & 8 T i DSC 73 #1452 1Y

re 2o M0 (1) #RATES S EETEEL, Tk 2
R o

HERARALIREE / C

AH,
X =780,
o X—— RS

A H—45 A E s

I— YR AR R R AW R 1) JF

L

25 S R 100% BAAH [R] =5 2R 9 iy
TELE RIS

NG

2
3
4
5
6
0

X 100% M

AH,

130 140 150 160 170 180 19
W/
AB G 1—20%; 2—30%; 3—40%; 4—50%; 5—60%; 6—70%
7 AFEIAK 2 FIRFERY DSC gk
#2 AEARHEETIRFERN DSC MEXER
WAL /o
5iA KKt /%
20 30 40 50 60 70
STl / 1612 1628 1633 1654 1673 1688
RS /(- g 712 667 587  43.0 330 241
2/ % 423 456 468 411 395 382

I 7 A2 2 n] 7 Y BEF AR S AR, 3K
5P 14 2 il D i) g 5 1) O T 95 PR (B BT
Wi, 2 R S B e/ IR BT HR R BRI S. hTR
B RIERG YA T SRR 2, AR L
MBS, BEINERAS s L , S Rt
AR EE BRI, AR 2R 5 Rk 2 [a] i 1
IIBAR T RS W 0> T HEAR B 9 s it B A1

A KA SERE A AR, DR IR A 42 A N iy
JERRAK . AR YE, A SR BE = T 45 AR, 4 e
TR TEAR KRS s T ialke ) 2 kag Bl
2.5 KHWEEFHIE

BEBCAHS S 150 H 20% ,40% F1 70% 47T
00T, HOR R SEM IR R 4n 18] 8 il s Bifi A
S e BB N, AR W T R B AR £ b 22 | [R] i
MRHLER DA B R A -3z i 2, R 5
RV R, PRI ESARAR)
R B S R A YR B A RE 2
RO TR R L 3K S AR R A Y SR Y B
A A el 5 A R

AHS R a—20% 5 b—40% ; c—70%
8 REIAM & i T ik SEM R
3 it

(1) BEZL T 3G9k PP/ ARy G A EHA
1 5 J3E B AR VS T 2 A3 e

(2) T A AP R R 25 i B B A %
PGS B e EIHE R B Bl — HEE
AHy 5 S Y SE TG A, {E DR A 30 5 A 32
TRE;

(3) Ay Es i 3G nae B B4 w2 G AR
SRR, TR Pl 0 ) 2 3Ry 1] VA%, 485 i A i
TRE;

(4) I\ SEM Bt , i T AR 5 R G W ik
B AHZSE  FEIN TR A rh YA & UK
X L5 5B WX 51 03 8, 25 5 7 — i R LB
2 LA KN T AR, e S S AR PR RE -

S & X
[1] Thamae T, Marien R. Development and characterizing new

materials based on waste plastic and agro-fiber[J]. Journal of

Materials Science,2008,43(12):4 057-4 068.


杨超


30

TSR

2017 4F, 45 45 45 46 3 1)

(2]

[3]

(4]

(3]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

Borysiak S, Doczekalska B. Influence of chemical modification of
wood on the crystallization of polypropylene[J]. Holzals Roh-und
Werkstoff, 2006, 64(6):967-975.
ZRBR TR 6 P R BRI RS AT SE el ik S % A2 ) J5¢ [
Tk A SE (1], Aeoll TR, 2013,29(4):1-7.
Li Feiyue, Wang Jianfei. Estimation of carbon emission from
burning and carbon sequestration from biochar producing using
crop wood power in China[J]. Transaction of the Chinese Society of
Agriculture Engineering,2013,29(4):1-7.
TRANE, TR, XA FERG AT / RV S A bR 24 1L fE
[3]. 4l TAR2#4H,2010,26(7):380-384.
Zhang Donghui, He Chunxia, Liu Junjun. Mechanical properties of
straw-power / PP composites[J]. Transaction of the Chinese Society
of Agriculture Engineering,2010,26(7):380-384.
TR NS B, A R R R AR N R AR S
FEEHERE (] Aolk TR 41, 2012, 28(15):145-150.
He Chunxia, Hou Renluan, Xue Jiao, et al. Performance of PP
wood-plastic composites with different processing methods[J].
Transaction of the Chinese Society of Agriculture Engineering,
2012,28(15):145-150.
SRV T, VREE, 55 TRIHIERL / KRB AE SRR — 200k
AR A A% (7). 99K, 2002, 31(4):15-19.
Zhang Bing, Jiang Bo, Xu Shuhua, et al. One step processing
technology and equipment of waste plastic-wood fiber composite[J].
Plastics,2002,31(4):15-19.
TR ER BRELHa , B D5 . DU 2T Ak / R PR 52 55 B b
FHPERE [J]. R0l TRE2%412,2010,26(2):381-384.
He Chunxia, Gu Hongyan, Xue Panfang. Performances of
polypropylene composite material filled with four kinds of plant
fiber powders[J]. Transactions of the Chinese Society of Agricultural
Engineering,2010,26(2):381-384.
Yang H S, Kim D J, Lee Y K. Possibility of using waste tire
composites reinforced with rice straw as construction materials[J].
Bioresource Technology,2004,95:61-65.
B, 2 POBPER G — RS ARSI (1],
o PR ERRE S T 2004, 20(1):27-30.
He Jinmei, Li Bin. Themoplastic polymer / wood fiber composite[J].
Polymer Materials Science and Engineering,2004,20(1):27-30.
Hou Xiuying, Huang Zutai, Yang Wenbin. The approach to
improve mechanical performance of the wood plastic composites
by hot-press molding[J]. Forest Engineering,2005,25(2):46-48.
RS 5, A, A, % RFLR / AB AR RS S Tk
REWFSY [9]. 20k Tk, 2008,36(1):21-24.
Ying Zongrong, Qi Yu, Wang Zhi-gao, et al. Structure and
property of poly(lactic acid) / wood power composite[J]. China
Plastic Industry,2008,36(1):21-24.
Lei Bingrong, Zhang Yaru, He Yanjin. Preparation and

characterization of wood-plastic composite reinforced by graphitic

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

carbon nitride[J]. Matericals and Design,2015,66(15):103-109.
AR (M), UG B R, 2008.

Li Jian. Biomass composite materials science[M]. Beijing: Science
Press, 2008.

BEF, AT, DUIED, &5 R S AU T T 25 A i
(7). A b i, 2004(11):9-13.

Xue Ping, Wang Zhe, Jia Mingyin, et al. Study on processing
technology and equipments of wood plastic composites[J]. China
Wood-based Panels, 2004(11):9-13.

TR ATHREL, XA A AN IR] R 1Ak PR RS AR AL G b
BHERERSZM [1]. Aell TR, 2012,28(9):171-177.

Yu Min, He Chunxia, Liu Junjun, et al. Effects of different surface
treatment for wheat wood power on performances of wood-plastic
composites[J]. Transaction of the Chinese Society of Agriculture
Engineering,2012,28(9):171-177.

Liu Chuanjiang, Feng Ya. Low-carbon economy:Theoretical study
and development path:choice in China[J]. Energy Procedia,2011,
5:487-493.

TR MR NSRBI AR VR IERE (1] TR SR N
H152011,39(8):92-95.

Yu Min, He Chunxia. Domestic and foreign research process of
woof-plastic.composite[J]. Engineering Plastics Application, 2011,
39(8):92-95.

VFIR, mIEN, E v Ay . BRI AR S SR ) 2 PR S R 1
WE5E [1]. Mol A, 2006, 31(1):32-34.

Xu Min, Gao Yanming, Wang Keqi. Research of modifiers’ effect
on the properties of wood-polymer composites[J]. Forestry Science
& Technology,2006,31(1):32-34.

Pilarski J] M, Matuana L M. Durability of wood-flour plastic
composites exposed to accelerated freeze-thaw cycling.Part I:Rigid
PVC matrix[J]. Journal of Vinyl and Additive Technology,2005,
11(1):1-8.

#:251€, Noruziaan Bahman, Lee Stephen, 55 . Fi/ERIAM&EZ &
FOEHIRIFSE (], BRI ZS LR R 22440, 2005, 37(5):587-592.
Cui Yihua, Noruziaan Bahman, Lee Stephen, et al. Research on
recycled plastic wood composites[J]. Journal of Nanjing University
of Aeronautics & Astronautics,2005,37(5):587-592.

Pilarski J] M, Matuana L M. Durability of wood-flour plastic
composites exposed to accelerated freeze-thaw cycling.Part I:Rigid
PVC matrix[J]. Journal of Vinyl and Additive Technology,2005,
11(1):1-8.

Prox M, Pornnimit B, Varga J, et al. Themoanalytical
investigations of self-reinforced polyethylene[J]. Journal of
Thermal Analysis Calotimetry, 1990,36(5):1 675-1 684.

A . BSR4 T A S IR R I 4k S P g
[D]. JHC#S : PUJIIFRA:,2006.
Xi Jun. The structure and performance of polyolefin resins under

dynamic shearing and high molecular weight component[D].

(TETTR)


杨超


RIGEIE, 55 - AL T 200 PBO £F4Efr ik AESE IR

77

(2]

[3]

(4]

[3]

[6]

Wang Jing. Study on properties and application of super PBO fiber
in the 21 st century[J]. Modern Textile Technology,2010, 18(3):57—
60.

TR . RMARPERIf W 2T 2 O SR DL 5 N ST 5% (0],
BHLLT4E 5 )3 ], 2009, 34(2):42-47.

Wang Jiaming. Development survey and application prospect of
poly-p—phenylene benzobisoxazazole fiber [J]. High —Technology
Fiber and Application,2009,34(2):42-47.

Sayre J R, McGinniss V, Tolbert C B, et al. PBO fibers with
improved mechanical properties when exposed to high temperatures
and high relative humidity:US,9279214[P].2016-03-08.

FRF RSE,BIE AT . EFE PBO ST VIR SR R 9],
FHELFE S, 2014,39(2): 11-15.

Guo Ling, Zhao Liang, Hu Juan, et al. Present status and
development trend of domestic PBO fiber[J]. Hi-Tech Fiber &
Application,2014,39 (2):11-15.

Kitagawa T, Yabuki K, Wright A C, et al. An investigation into the
relationship between processing, structure and properties for high-
modulus PBO fibres:part 3:analysis of fibre microstructure using
transmission electron microscopy[J]. Journal of Materials Science,
2014,49(18):6 467-6474.

Vazquez-Santos M B, Martinez-Alonso A, Tascon J M D, et al.
Nanostructure evolution in heat-treated porous carbons derived
from PBO polymer[J]. Journal of Alloys and Compounds,2012,
536(13):S464-S468.

PR, JEHTAR, BRI, 45 . UL FEXT PBO R 4EVERE Y 52 i A
7% [ FHEAH SR, 2016, 1(1):122-123.

Ran Maogiang, Fan Xinnian, Huang Zhichuan, et al. Study on the
effect of heat treatment on the properties of PBO fibers [J]. Science

(8]

(9]

[10]

(1]

[12]

[13]

[14]

and Technology Innovation and Application,2016, 1(1):122-123.
Mills M E, Teramoto Y, Faley T L, et al. Method for stable rapid
spinning of a polybenzoxazole or polybenzothiazole fiber:US,
5385702[P].1995-01-31.

Sayre J R, McGinniss V, Tolbert C B, et al. PBO fibers with
improved mechanical properties when exposed to high temperatures
and high relative humidity:US, 9279214[P].2016-03-08.

WA P B PBO £74E 1945 K A PR BE Y520 [D]. MG/
IR IR, 2013.
Shi Dai. Effect of Heat Treatment on the Structure and Properties
of PBO Fiber[D]. Harbin:Harbin University of Science and
Technology,2013.
Kitagawa T, Kiriyama K, Shimizu Y. A novel random preferential
orientation of the crystal a - axis along the radial direction
confirmed on the poly - p - phenylenebenzobisoxazole (PBO)
fiber made with a water[J]. Journal of the Society of Fiber Science
and Technology,2015,71(7):224-231.

Tamargo-Martinez K Villar-Rodil S, Paredes J I, et al.
Thermal decomposition of poly(p-phenylene benzobisoxazole)
fibres:monitoring the chemical and nanostructural changes by
Raman spectroscopy and scanning probe microscopy[J]. Polymer
Degradation & Stability,2004,86(2):263-268.

CohenY, Gartstein E, Arndt K F, et al. The effect of heat
treatment on the microfibrillar network of poly(p-phenylene
benzobisthiazole)[J]. Society of Plastics Engineers Inc, 1996,
36(10):1355-1359.

Kitagawa T, Sugihara H, Tsutsumi M. The Effect of non-aqueous
coagulation in the structure of poly-p -phenylenebenzobisoxazole

(PBO) fibers[J]. Fiber,2015,71(2):105-111.

(EEFE30®D)

[24]

[25]

[26]

Chengdu:Sichuan University, 2006.

R, BN, B N T e SR A W A T 2 i
[J]. SR TR 2244 - [ ARBLAERR, 2013, 41(6):140-146.
Yang Zhitao, Yin Xiaochun, Qu Jinping. Continuous self
—reinforcement of polymer during molding processing[J]. Journal
of South China University of Technology :Natural Science Edition,
2013,41(6):140-146.

X g, S, HOFE, A5 BRI A B BRI Y B U
[31. HEEEL, 2001, 15(6):14-20.

Liu Yi, Wu Shijian, Shen Kaizhi, et al. Self-reinforced polyolefine
material and its present research situation[J]. China Plastics,2001,
15(6):14-20.

KA . RAA W RAEIR S i 81T AR VE R S R A
F RIS [D]. AR : PU)11K%,2002.

Zhang Jie. Study of injection behavior of polymer melt and
properties and morphology of specimen under vibration injection

molding[D]. Chengdu:Sichuan University,2002.

[27]

[28]

[29]

[30]

[31]

PG ZEEME o FRORL R I T AR Y B 5 0], )R
1£T.,2005(11):18-23.

Qu Jinping, Qin Xuemei. The polymer self-reinforcement
during molding processing[J]. Guangdong Chemical Industry,
2005(11):18-23.

Oksman K, Lindberg H. Interaction between wood and synthetic
polymers[J]. Holzforschung-International Journal of the Biology,
Chemistry, Physics and Technology of Wood, 1995,49(3):249—
254.

Binsbergen F. Heterogeneous nucleation in the crystallization of
polyolefins:Part 1.Chemical and physical nature of nucleating
agents[J]. Polymer, 1970, 11(5):253-267.

Nakamura K, Nagai M, Kanamoto T, et al. Development of
oriented structure and properties on drawing of poly(vinylidene
fluoride) by solid-state coextrusion[J]. Journal of Polymer Science
Part B:Polymer Physics,2001,39(12):1371-1 380.

Ichazo M, Albano C, Gonzalez J, et al. Polypropylene / wood flour
composites:Treatments and properties[J]. Composite Structures,
2001,54(2):207-214.


杨超




