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Fig. 1  The photograph of the PE pipe obtained

via rotation extrusion
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Fig. 2 SEM photos of the etched PE pipe produced by the convention extrusion

a) At the inner surface; b) At the outer surface; ¢) The cluster-like crystalline at the outer surface; The direction of arrows shows the axial

direction.
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Fig. 3 SEM photos of the etched PE pipe obtained when mandrel and die rotated oppositely at the speed of 5 r/min

a) At the outer surface; b) At the inner surface; The direction of arrows showed the axial direction.
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Fig. 4  Schematic of stress profiles in mandrel and die

rotation in the opposite direction
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Fig. 5 SEM photos of the etched inner surface in the PE pipe obtained when mandrel and die rotated oppositely at the speed of 5 r/min and
the inner cooling rate; (a) 1 K/s, (b) 1.5 K/s, (¢) 2.0 K/s, respectively

The direction of arrows showed the axial direction.

Fig. 6 The photographs of the strips from the rotation pipe and the conventional pipe along the extrusion direction after 30 min annealing at
145C
a) and b) were the strips from the outer and inner surface of the conventional pipe after annealing; a’) and b’) were the strips from the outer

and inner surface of the rotation pipe.
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Fig. 7 Crack length increment during cone testing for the

convention extruded PE pipe and the PE pipes prepared by at
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Fig. 8 SEM photos of fracture zone

(4 PE 4875 TT 25 B Wi 2L WP A b ETRT A, 2 58

PE 45 1) N S 3 ThT 249 S 40 17 L 1) 27 4 4 8, T 2585
P 55 IR 1) Jie 2 5% LY I, PE 45 P9 SMBE 4k £F 4 3R
HE R, B2 BN SO R SRR AE . 3 3 W b 7
i % 1 PE X HURZLY RE (1 iE J1 AN [H]. Garcia
SFUESOHL R EF 4 P R BE AT AR AR A I 2 B0
BRI A IR S TSR ERE R

[6] R e B 5 ST 4 e PE S YT SCG MERE.
bt o -’ F > T \ & .' '-'._.

a) and a’) were from the inner and outer surface of the convention extruded PE pipe; b) and b’) were from the inner and outer surface of the

rotation extruded PE pipe
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Fig. 9 SEM photos of the etched PE pipe obtained when mandrel and die rotated oppositely at the speed of 10 r/min

a) At the outer surface; b) At the inner surface; The direction of arrows showed the axial direction.
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Fig. 10  Crack length increment during cone testing for the
convention extruded PE pipe and the PE pipe prepared by

mandrel and die rotating oppositely at the speed of 10 r/min
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STRUCTURE AND PERFORMANCE OF POLYETHYLENE PIPE
PREPARED BY MANDREL AND DIE OPPOSITE ROTATION EXTRUSION

NIE Min, BAI Shibing, WANG Qi
( The State Key Lab. of Polymer Materials Engineering, Polymer Research Institute of Sichuan University, Chengdu 610065 )

Abstract In order to overcome the shortcomings of the conventional extrusion technologies and to prepare
polyethylene ( PE) pipes with higher performances, our research group designed and manufactured a novel
rotation extrusion processing system. The effect of mandrel and die opposite rotation extrusion on PE pipe’ s
microstructure and resistance to slow crack growth was studied. The experimental results showed that when the
mandrel and die rotated in the opposite directions during the extrusion process of PE pipes,apart from the axial
stress , the pipes were also subjected to the hoop stress,both of which could set up a tangential stress relative to
the axial direction,so as to induce the shish-kebab crystal direction deviate from the axial direction. When a
double cooling mode of both inner and outer walls was introduced into rotation extrusion,the relaxation of the
oriented molecule could be slowed down and the shish-kebab structure in the PE pipe could be fixed. As a
result ,the PE pipe with better resistance to slow crack growth was prepared. Compared to the PE pipe produced
by the conventional extrusion, the crack initiation time of the PE pipe manufactured by the novel method
increased by 204% from 27 h to 82 h.

Keywords Polyethylene pipe, Rotation extrusion, Slow crack growth, Stress, Temperature



