o2 )
2012 4£2 A

[ =

ACTA POLYMERICA SINICA Feb.,

No.2
2012

24 MNHHIESHE PP-R A ERE M 0440 51 AR 5T
% %;ll 5&%‘5}]1 B %1 Efﬂﬂ:%ﬂ**

(1R TR R U TR S e o W AL HE R SR A OE F AT T EK 400067)
C R TR S TR B TR TRERESERE WH 610065)

W OE R AT 5y D)L X S G R ) 3% A R B A 7R T ORUIE] A Y T 3t SR TN
(PP-R CI80) 444, W52 20 Mt 1 3% WL Ii) L J1 375 149 B U145 5 A 0 X PP-R C180 A5 4 1y &5 i e Bl L IR 1) 1437 fif 3
JE 9 5 8 25 SRR, BT U RL OB IR 2 G R 3 51 A B 3R 1 35 D) S AR R AR BE T PP-R C180 4y T JF
BN (Il PP-R C180 {4 22 43 T~ 545 5y T2 i 4 S o 48 A8 Jsl 1y AR At 1) 75 1) % B g BRI % 455 8 22 4 o T Y A
585 R A IR T A, MU T PP-R CI80 WSS A A5 M SRS, S i T &8 i B &, BE T Bl 1 & # Y
SRR BE . 5L AR LE L B S R T CR R LE RRRIR A TR T, AT 45 & D ML A 1Y 44. 96 % I &
40.03% ,FEAR 1 4. 93% 5 %l i 3 BE DA ML 44 19 23. 35 MPa de i 39 5 2 25. 49 MPa, $2 5 1 9. 2% ; JA] i 5% 2
M LA BE Y 22. 71 MPa i i 98 B 26. 54 MPa, @5 T 16. 9% , HHY 58 2 J5 8 b i J4 1) 38 B2 € 28 8 T 1 %l

A, AL B TR S AR R R, A W T S N R B A I B S K

KR

S5 E PP AT L2 « By 8 USRS S
Pl A o UL o FI B SRER R L. A Ak
(1 PP — i S I o i B, R — R RS E AR
SiRECE NIRRT RZ BA RIF S A PERE,
EIEHT ob i PEBE A W B2 22, B RH N B RS I «
Ar T P, X e ol A A B SO T A v A
T A T R K R RS
P PP 1, — M7 3 2 P 9P A R 3 R Bl
P PP (H 7 2502 LA AE PP A H Al g 2 e
FOH B9 B AT TS 09 B8 2 PP B o % R
B AR AR PP AR Bk A ok S BB A 4
AR IR LW R R Oy IR O A
PP A B A% R A AE T Bl 1 S A 1A R
RO R EA RIS SR B S A o
At AZ R G, Tl Ak dh FR AL D  w 0r 126 B U
7R TG Tl Ak fh A, AT BB R AR & TN
TG, AR SE PP B rh A7 7 P 3R AE T
O3 BOVE AN 1 RS B R A v B 8 458 [ 5 T 3 5
o WA, B i FE R Ty 5 R MERG 2 1Y, 7E 3
T BRI T AR BB — B R, A T8 R B9 T
B 45 i A 0 R e LA FR A3 AR R (A BT R

SEYIRLAOUR A, YIRS, WU AR, SRR NG

WL B B B R AR AR B RT3k AS PP
ONCRTR

PP-R CI180 & — 3 T B RHE A 1 N M- &
W ToRIE IR Yy iy, JEIR A W) i ST L0 g3
A & N 1 O MR B, 51 O M ik BERT B I PP-R
C180 £ fib , Wi AR FL 45 fi 2, 41 T o ol 5 B2 DL BT 4
M S5 FH T SRS B Aol 5 (EHG R A 1 1 K B
TR T PR AR 22 PR RE T REAE. ik, AL
A BT VI H 5 01 35 5 PP i AR A AL, X
SR Y YT 0L 1) 5245 B2 ) 4 99 U175 T 8L PP-
R C180 [ M3 48 A4 AT W 28 B AR

1 SEIEER4y

LWEE

Wik AL, SI-45B, FIE LA ) s AG-
10TA BRI FH7 g L5 #L, H A 5 e ; D/MAX-1IT A
Z 8 X SR S (WAXD) , H 28 B 22 0 7l
TA2000 75 22 49 4 5 # X (DSC) , £ [H TA A+l
X-650 BRI L (SEM) |, H 3728 ).

PP-R C180, %5 fil 5 %% 4 0. 32 g/10min, £ ¥

1.1

# 2011-05-03 W fi ,2011-07-22 5 s [ 5K F AR B4 Bk 4 (B85 10590351) A R BB &I (T H %5 CSTC,2010AC4062 ) ¥t Bl 5t

H; s @ B 22 A, E-mail ; kzshen8888 @ 163. com
doi:10.3724/SP.J.1105.2012. 11139



2 3 WA A AN BT YIS R PP-R R M 451 5 MR 5T 195

IR F TN 3% 4 1 0 A TR AR
/ARSR
1.3 EMAHERBEIZRERE

e BN B ML, AR D 30 mm, Sh AR
35 mm. YPRHE B i A v W i A S e 5T
71 5 RV 1) B0 A8 L F1 3. AE BTN T3 v, Sk b
F18 B D10 e e 7 BT B0 R e o ek 7 A 1 R e ) B )
27, 2 s m] EAT R A 5 AT U1 Btk A BB
I52) B2 3L 28 149 I TR AS W 4 /N X e 7 A T
T F) P2 7 3 . SR I A A W 283K 1 A B g 3 ek
MY A2 3] Ja] 1) 5 U0 A PR Al e A VR S Sd A
BT Y D A8 A . HEES R I B 1 .

Drawing stress field Shearing stress field

Rotating sleeve /

Core
a ‘

Fig. 1 Schematic of the structure and principle of

Melt plastic

shearing-drawing two-dimensional compound stress field

pipe-extrusion die

B i B D) N ) 3 B R 160°C, 1B
£ 160°C . SR FF 76 3 2 20 v/min, J& 0] 57 Y] £ £
BEEAE 0 ~ 70 v/min 22 [A] A5 4k, 5 F ) 05 V) B 1
BTN O S R 18 45 6 E Ol H LA R YA b
T 5E 4 W CVBE S 37 B A 2 T K i e e AL
1.4 Stk

K H A S HER AG-10TA %I J7 g 71 /)
IR HLFEAT PP-R C180 45 4 Y i it 5i8 8 I k., )
bR S ASTM638 ; I it i 174 1 i 3 & > 100
mm/ min ; 55 B4 J& [ $57 70 580 5 038R S A AR
B B IR E AL RE , HOR R R an il 2 (a) Bros , %l
Tl e 3 0 3 3R BB B 4RO LR R R
K 2(h) firs.

MRS Z 2 1.1 mm & Y)H 0.3 mm
JEH A, U)K R 5 i 3 B TA 23 F] Y TA2000
7N 22 A B AL (DSC) E A AR R, LA 10K/
min [ % T E 200°C ,H 3 3 min 5, L 10K/
min [ 3 R 2 40°C I H HL 45 0 o B OF

)
/

(a) =10
?30
5

Fig. 2 Schematic of the sample for tensile strength
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a) Sample for circular tensile strength; b) Sample

for axial tensile strength
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Fig. 3 WAXD curves of PP-R C180 pipes
a) Circular WAXD curves; b) WAXD curves of PP-R C180 pipes
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Fig. 4 DSC curves of PP-R C180 pipes
Table 1 DSC results of PP-R C180 pipes
AH, T, AT a,
Pipe type
()/g) (€) (¢) (%)
Self-reinforced 83.65 165. 51 15. 45 40.03
Conventional 93.98 165.29 15.9 44.96
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Fig. 5 SEM micrographs of PP-R C180 pipes

a) Conventional pipe; (b)Self-reinforced pipe
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Fig. 6 Tensile strength of PP-R C180 pipes
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STRUCTURE AND PROPERTIES OF TWO-DIMENSIONAL SELF-REINFORCED
PP-R PIPES EXTRUDED BY USING SHEARING-DRAWING
COMPOUND STRESS FIELD DIE

YUAN Yi', ZHANG Xianming', CUI Shuang', SHEN Kaizhi’

(' Engineering Research Center for Waste Qil Recovery Technology and Equipment of Education,
College of Mechanical Engineering, Chongqing Technology and Business University, Chongqing 400067 )
(* The State Key Laboratory of Polymer Materials Engineering, College of Polymer Science and
Engineering , Sichuan University, Chengdu 610065 )

Abstract By using a shearing-drawing two-dimensional compound stress field die developed by the authors,
two-dimensional self-reinforcement polypropylene random copolymer ( PP-R C180) pipes were exiruded. The
tensile strength, molecule orientation and crystal melting were studied. The results indicate that the molecule
degree of order is improved by shear-inducement of shearing-drawing two-dimensional compound stress field.
The orientation of molecule is easier along the circular and axial directions of PP-R C180 pipes respectively.
The heat resistance and crystallization velocity are kept, and even improved. The degree of crystallinity is
reduced. The self-reinforced PP-R C180 pipes show different crystallization structure and morphology. 8-phase
is induced in the self-reinforced pipes. The tensile strength is improved too. The crystallinity decreases from
44.96% of conventional pipes to 40.03% of self-reinforced pipes. The best axial tensile strength of self-
reinforced pipes is 25. 49 MPa, but that of the conventional pipes’ is 23. 35 MPa. And that the circular tensile
strength increases from 22. 71 MPa of conventional pipes to 26. 54 MPa of self-reinforced pipes at the most and
the improvement is 16. 9% . At the same time, the melting point of self-reinforced pipes is kept, even higher
than that of the conventional pipes’ . Moreover, the circular tensile strength of self-reinforced pipes is higher
than the axial tensile strength and it rather satisfies the requirement of pipes.

Keywords Shearing-drawing two-dimensional compound stress field, Shear-inducement, Two-dimensional

self-reinforcement, PP-R



