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Fig. 1 Co-injection self-reinforced PP specimen: contour profile of the specimen and cross-section of the reinforced phase
(a): co-injection molding structure; (b): semi-open IMSR-SPCs parts

Tab. 1 Molding conditions of IMSR-SRCs parts matrix and conventional parts

Molding processing variable

Fixed variables

Mold temperature: 50 °C
Plasticizing temperature: 220 °C

Injection speed: 120 mm/s

Injection pressure: 60 MPa
Holding pressure: 60 MPa

Holding time: 2 s




Tab. 2 Scheme of experimental design

Molding processing variable

Fixed variables

Mold temperature: 30~90 °C at 30 °C interval
Plasticizing temperature: 200~260 °C at 30 °C interval

Injection speed: 12~72 mm-s™ at 12 mm-s™ interval

Injection pressure: 70 MPa
Holding pressure: 60 MPa

Holding time: 2 s
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Fig. 2 Sampling diagram of different analysis methods
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Fig. 3 Tensile strength of IMSR-SRCs parts with different molding
structures
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Fig. 4 Tensile strength growth ratio of IMSR- SRCs parts with
different molding structures
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Fig. 5 Section morphology of conventional molding parts
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Fig. 6 Micro- morphology of the tensile axi-symmetric parts with different molding structures (the arrows at lower right corner
show the direction of increasing of each signed molding parameters)

(a): semi-open IMSR-SPCs parts; (b): enclosed IMSR-SPCs
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Fig. 7 Comparison data of skin layer area ratio and mechanical
properties of IMSR- SRCs parts and conventional parts
with different molding structures

M S AR 25, M Fig.7 B BRI LA
AN TA) % 24 2 50 ) IMSR-SRCs il 44 () 57 J2 TH AR 5 L
T IR SR T N 24.45%~111.87%, - FF 3K
IMSR-SPCs fill {4} JZ T AR 7 b~ B 0 & T 3 7 20
IMSR-SPCs fill {4 (22.12%>21.74%) . X & K NI

3 IMSR-SPCs il {4 1 535 475 1A 80 38 1) — ) 2 4 Jem A L
(36>0.21) , 3H 70 7F 4 Ja 18w (1 05 A 4 401 2R B 22 44
&2, H RG0S B PR RAS AR, S EUs K
TP PR B B UK s DL, AR SRA A (19 4 £
THRE A A 1S CAOR B B 2T O B I 2 4
o 1t B IMSR-SPCs il {1 () [ 38 58 2508 5 1 i o 1
T8 AR RUE S5 T R TE SRR 2 DIAE G . Tl L
% 2 Fi 25 #4 IMSR-SPCs ffill £ (1) 7 5 14 R Ik 45 SR A
Bz R TR &7 L8 4k, BT DA H 2 Pt g 5 J2 THI
AR 45 ) M RE AR AL .
2.3 @ik FELE

N T AR U 445 IMSR-SPCs il 4475 4> ¥ HX
) B BN (B XS 2R AT 5 o dronk T %
B 1 HL A B 2 A 2 RS S AT T R
T, 159 21 1) — 4 WAXD fi7 5 B i Fig.8 i, FL AT BA
SXof et PSP T P R ) AT VP A

R 2 I H 58 B 1 Debye PR BT AL % 7]
[ 1 P A 1 B0 2 2 1 3 1 =X IMSR-SRCs il 4,
Fig.8(a)fl Fig.8 (d)Frir . X T4 B 44171 5 , B
VIR J2 1 — 24 WAXD fi7 44 Bl = 2 IIUY , Wi Fig.8(b)
Fim s 8 2 1 B & 23058 22 (1) Debye 24 50/ {45 1)
A PE PR, W0 Fig 8(c) T o 5 )2 40 S B H 58 B 11



Fig. 8 Two-dimensional WAXD intensity diffraction pattern of two types of parts
(a): conventional integral parts; (b): skin layer of conventional parts; (c): core layer of conventional parts; (d): IMSR-SPCs integral parts;
(e): skin layer of IMSR-SPCs; (f): core layer of IMSR-SPCs
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Fig. 9 Comparison data of the molecular orientation degree and
skin layer area ratio of IMSR-SRCs parts and conventional
parts with different molding structures
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Fig. 10 One-dimensional WAXD intensity diffraction pattern
(a): conventional parts; (b): IMSR-SPCs parts
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Fig. 11 Crystallinity and mechanical properties of IMSR- SRCs
parts and conventional parts with different molding
structures
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Tab. 3 Mass coefficient of morphology on mechanical properties of enclosed and semi-open IMSR-SPCs parts

Parts Factor Skin layer area ratio Molecular orientation Crystallinity
Enclosed IMSR-SPCs Mass coefficient/% 24.28 70.52 5.20
Semi-open IMSR-SPCs Mass coefficient/% 9.56 84.43 6.00
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Influence of Composite Injection Molding on the Properties of Single
Polymer Composite Parts with Different Molding Structures

Yong Lu, Chen Wang, Xinyong Liu
(Intelligent Manufacturing Engineering Research Institute, Part Rolling Key Laboratory of Zhe Jiang Province,
Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China)

ABSTRACT: Self-reinforced polymer composites (IMSR-SRCs parts) with different structures were prepared by
composite injection molding technology and their micro- morphology was observed. The results show that the
tensile strength of semi- open IMSR-SRCs parts is increased by 16.89% on average compared with enclosed
conventional parts, and the tensile properties of both are better than IMSR-SRCs parts, with a maximum increase
of 14.42%. IMSR-SRCs parts show a double "skin-core" structure, and the area ratio of the skin layer is higher
than that of conventional parts, and the semi-open type is 5.48% higher than the enclosed IMSR-SRCs parts. The
tensile properties are positively related to the area ratio of the skin area. The 'shish-kebab' structure was observed
by SEM on the skin layer structure of the PLM fusion position. WAXD results show that the crystallinity of the
two kinds of IMSR-SRCs parts is not significantly different, and both are lower than the conventional parts, the
maximum reduction is 19.23% , and the tensile properties are negatively correlated with the changes in
crystallinity. The molecular orientation of the two structures is higher than that of the conventional parts, and the
semi- open IMSR- SRCs has a higher orientation, with a maximum improvement of 34.11% . The molecular
orientation is positively correlated with the tensile properties of IMSR-SRCs parts. By response surface method,
the molecular orientation obtained is the decisive factor affecting the performance of IMSR- SRCs parts.
Furthermore, by the least squares minimization program, the dimensionless equations among molding parameters,
micro- morphologies and mechanical properties were established, and the prediction of mechanical properties of
IMSR-SRCs parts based on microscopic morphology was realized.

Keywords: composite molding; self-reinforced; skin-core structure; performance prediction



