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Effects of molding process on morphology and property of elbow pipe by liquid carbon dioxide-assisted co-
injection molding
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Abstract : To investigate the effects of molding process on morphology and property of liquid carbon dioxide-assisted co-injec-
tion molded elbow pipe fittings, long glass fiber reinforced polypropylene (LGFPP) with long glass fiber with a mass fraction of 20%
was used as the outer layer and polypropylene (PP) was used as the inner layer. Elbow pipe fittings were fabricated using four process-
es: liquid carbon dioxide-assisted co-injection molding with the short-shot method (LCO,-ACIM-S), the overflow method (LCO,-
ACIM-O), liquid carbon dioxide-powered projectile-assisted co-injection molding with the short-shot method (LCO,-PACIM-S), and
the overflow method (LCO,-PACIM-O). The effects of different molding processes on the residual wall thickness, glass fiber orienta-
tion and pressure resistance of the fittings were systematically investigated. The results show that, under identical processing condi-
tions, compared with the short-shot method, the overflow method results in smaller fluctuations in residual wall thickness along the
melt flow direction, higher glass fiber orientation along the flow direction, and superior internal pressure resistance. The introduction
of the projectile structure reduces the residual wall thickness of the fittings, leading to an overall lower pressure resistance for fittings
produced by the LCO,-PACIM process compared with those produced by the LCO,-ACIM process, but is beneficial for enhancing the
orientation of glass fibers along the flow direction and wall thickness uniformity. The research results provide a reference for the selec-
tion of LCO.-ACIM elbow pipe molding processes.
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Fig.2 Schematic diagram of elbow pipe mould
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Fig. 3 Process flow diagram
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Tab.1 Molding parameters of elbow pipe

Process parameters Value
Outer melt temperature/°C 270
Outer melt injection pressure/MPa 5.5
Inner melt temperature/°C 210
Inner melt injection pressure/MPa 10
Injection delay time of inner melt/s 3
Injection delay time of LCO,/s 6
Injection pressure of LCO,/MPa 8
Mold temperature/°C 50
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Tab.2 Comparison of four molding processes

Process Projectile-assisted penetration Melt filling method Hollow structure formation method
LCO,-PACIM-S Yes Short-shot method LCO,-powered projectile penetration
LCO,-PACIM-O Yes Overflow method LCO,-powered projectile penetration
LCO,-ACIM-S No Short-shot method Direct LCO, penetration
LCO,-ACIM-O No Overflow method Direct LCO, penetration
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(b) Orientation of circumferential cross-section measurement
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Fig. 4 Schematic diagram of wall thickness measurement for elbow pipe
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Tab. 2 Total wall thickness at inner and outer sides of elbow section

under four processes

Molding process Deflection Outer?side total Inner-side total
angle/(°)  wall thickness/mm wall thickness/mm
LCO,-PACIM-S 30 1.95 1.39
LCO,-PACIM-O 30 2.18 1.61
LCO,-ACIM-S 30 3.09 2.05
LCO,-ACIM-O 30 3.39 2.67
LCO,-PACIM-S 60 0.77 1.36
LCO,-PACIM-O 60 1.67 2.25
LCO,-ACIM-S 60 1.5 2.47
LCO,-ACIM-O 60 3.35 241

W 25 A4 R R R 60 15, A LU 10 KV, FH T
JZREEA PPN BEET , IR A U AN Z B 4T A H
[EVRFAEDEA T 20 Hr , S5 SR AN 9 i s .l PUAh T 254
B AN X RE R 1) AT R 43 A ST R RE
2 R S 2 . WK R DA RE R
[ AR [ P S R 1 P S ARRE 2 1) 30T 2
WA AR, TEUTRRRE LT A R G A N i, K
EPRLF S A, S22 T ] 5 Hh ) 2 G A B
LRI ST I HES (BT B AT S sy
) S — A s A EL 2 R U A2 P B AR
S i) ) B v A e v, AN D 2Tl 5 e sl
] 3k B ol T U ASRE A R e e S L T 4
Fl AR H B T e B o BT RS,  BR T
PEET (B A 5 3 TR TANZ IS D9 20 A
(AL, T A TSRS A 22 5 TR IR B A T
YER T2z 5 it —25Hi, (1 L BRI T U ik
JEER B BT VI, AR B RV sh [l B
LT S T J2 B B T B e, T P ) 2 A 2o

3 —- 7

— [Middle layer

(a) LCO,-PACIM-S

TP R = LY
Near mold wall‘la'gf;'r-' At
\( ." 5

Middle lager

500 um

(¢) LCO,-ACIM-S
9 DR T LG I SEM [E&

Fig. 9 SEM images of elbow pipes under four processes
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