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Effects of the mold temperature control in the compacting stage
on the superstructure of the injection. molded PLA, PLA/KF, and
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Effects of the mold temperature control in the compacting stage on the
superstructure of the injection molded PLA, PLA/KF, and PLA/MMT
parts.

Student : Li-Wei Chen Advisor:Ren-Haw Chen

Department of Mechanical Engineering

National Chiao Tung University

Abstract

The plastic productions are usually used just for several weeks to
several years, but their degradable time 1s a very long time, about 900
years. The kind of productions will make largely bad effects on the
environment. Lately, finite resources such as oil and minerals, became
fewer and fewer, and the price of materials went up and down. More
studies will be done about bio-material and bio-energy as more and more
attention is paid to them. The purpose of this study is to reinforce the
properties of bio-material. Therefore, the bio-material can be applied
more generally. This study will blend the bio-material, polylactic
acid(PLA), with kenaf fibers, respectively, and montmorillonite(MMT).
After that, when PLA and the compositions make injection molding, I
will control the mold temperature in the compacting stage. Then,
surveying mechanical properties of the molded samples and discussing

effects of the superstructure.
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According to the study result : PLA in the compacting stage needs a
long time at high temperature to generate superstructure. If the
superstructure is not highly concentrated enough, it will not reinforce the
tensile strength of PLA. About the PLA samples with blending
reinforcement, their tensile strength is lower than the PLA samples.
Because of that, decentralization of reinforcement was not achieved.
Furthermore, a long period of time at high temperature with shear effect
in the blending machine caused the degradation and molecular weight

decrease of PLA.
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HP T
e
% iR 3s & (MPa) 48 D638
4 % (%) 2.5 D638
Notched Izod &% 33 & (J/m) |0.16 D256
¥4 5 & (MPa) 83 D790
¥ sE 14 5 (MPa) 3828 D790

322 F%% G

(1) B a4 0 AF % @ % 2 6402354 5 4 B ARBURG 2 7 #54
A ¢h > A8 4 ALLROUNDER 270S » *F gdc ] 3.1 #757 - b 61 & 35
WE G R RAEF R RIEEIES TRRT T LR RES
APEATR T2 FHEAR S > AR IURS S s RRRA R
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(@@%ﬁ&ﬁ:_;@Gwmﬂmmmwzﬁwigﬁmmmms
TR L > BT U RERRATE  RRRRRTE TR

BRZ T g > 3 B 5 i iy (Channel) #fvt ;‘%%f_ﬁ%l PN ES -
U0ﬁ°%%ﬁwi%*ﬁw’?ﬁmw@ﬁﬁﬁ%@iﬁﬁ’Eﬁ
~HE LG R AP PRS2 LR B
wo PR

(4) B o - =071 ¥ 9> 3]5L THD-25 > 4@ 3.3 -

(5) MRER RN LA E £ 1 7R (T A5 FRP-V32 > 4o 3.4 >
Hog et 3.3

(6) #FF 7 »7 L4 * South Bay Technology(U.S.A.) @i » 4% TL-MS1 » 4
B 3.5 H2RFK40L 340

# 3.20 BP R A8 7 5 B A

% p ¥ #ie
5 A% T mm 22
| mmitig g em’ 30
H B B AR 4 MPa 232
A Bk B S cm’/s 78

BAsn4 kN 30

Spd g 4 kW 13.7
3 44 ton 50
3 &%ﬁﬁwﬁi mm 350
§ . mm 525
~ B4 ERCE L A mm 270x270

29



% 33 RREAE R
FRP-V32
s} E 1000mm
A N 450mm
% 980mm
AR ¢ 32mm
L/D =20
¥ wihE 5~10Kg/H
o BEER AC200V/1.5KW
i St el V.V.VF
= LA EER AC200V/3.23KW
N el PLD #:41
A 4 2k4=4|(H-1/H-2/H-3/H-4)
& iR 1 L +15C/30 A
Fote 5 5L HgESw
FE TR ¢ 2.5(1 1)
3l ¥R
z 75 ¢ 60x4 4z 7
i or 6 ¥ 7
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¥ Ty
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B in
A EER AC200V/60W
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# 3.4 b 7 LB RE

ﬁs?! » % ik 3-12 VDC/2A
B R4 25W
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Y7 7 % B 2®ed s BEA C0.006 & v
#eF o+~ ) 50-70 um
23 R 150 rpm
B KRS 6mm
BB BB R 100 ¢ m
# ¥ (742 X=25mm Y =25mm Z=20mm

%] 3.1 ARBURG ALLROUNDER 270S &t 1! = 254 51 &, Bl
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SrTT 0 Rfdrd 340 RILF MR AR 5 AR{EE SRS S PRy

MR 2 g E BGen £ ME - A P gt # KRB - ek
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1 AiTee
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# 3.4 % e RIRE IR R PR

KGF 2000
TEEH
KN 20
4§ N, kN, g, kg, ton, 1lb
¥ o g = B SO0
(hadyy mm, cm, 1nch
FEAER 1/20, 000
FEMHR +1%
4 F A B F x1, x2, x5, x10 p#rK
B R & (mm) 560 & &7
B E {7 42.(mm) 980 & # 7
R 7 AR Wi A L T A2 AP ER
PleRiE B E 4% (nn/mind 0.5~500 or 0.2~200
riEEFERA FE (kgf) 1000
T E AL A (m/nin) 100
@ EMFR +0. 5% PRI
=4 & f2 R (mm) 0.001
B g iE AC PR\ 5 E
FoH 30, 220VAC, 50/60Hz
2000Kgf
TR 32
20kN
HTE 2KVA
a4 (cm) 130 x 60 x 213
ik
44 (em) T 5541 120 x 60 x 74
Z ¥ (kg) 24 800, #4148 100
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3.3.4 35 S5 & T BAE(SEM)

PREL R RS A & 2% %3 (NDL)*7 % * » $3] 3 HITACHI
S-4000 > f247 A& ¥ i 1.5nm > *x+ B F 5 30 & 3 300000 & - 4@ 3.10 #7
Ao FERRID SN S 0 LMo P RLERG BT B ETE S E{Ir RS

2RI RS AR > RPIBAF - T kMR MY A6
H17 5 o

Bl 3.10 3% 84F 4 3 T BAEL
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PAE AR o R BT TR e B R SRR 165 ~ R
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P BABIRA 6 F XARTBEENR S HMBZE A EYFEY o
2 ARBURG 2 @ {4 {8 4 » PLA ffadd ) & 25 pFam & 5 ot 47 c0R° 405
Ao FHRBERFRERT FRAEEZDT F R ELRERFRF O
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41 AR ERFETLE
% 42PLA SRR AT & B plHchh
WO R 75 i o 13

30°C-1min 83.7 83.5 83.4
30°C-5 min 832 84.2 84.6
80°C-1 min 84.1 84.8 84.7
80°C-5 min 84 83.9 84.4
90°C-1 min 832 83.2 82.5
90°C-5 min 82.9 83.7 82.8
100°C-1 min 83.8 84.4 82.7
100°C-5 min 84.6 83.9 84.3
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# 43 PLA/KF 3 % 2. & & ¥ | #chy

OO - (R P T 2 3 i ap o P s
30°C-1min 81.1 83.3 82.2
30°C-5 min 82.5 83.8 82.8
80°C-1 min 83.8 85.1 84
80°C-5 min 84.3 83.6 83.6
90°C-1 min 84.3 83.4 83.4
90°C -5 min 83.8 83.9 84.4
100°C-1 min 83.3 84.6 83.9
100°C -5 min 84.9 84.6 83.9

% 44 PLA/MMT # ¥ 2 & B ¥ i# ¥

HOIE - R P P X 7 o T s
30°C-1min 80,8 £ 81.8 79.5
30°C-5 min 80.6 83.1 82.5
80°C-1 min 83.1 81.9 82.2
80°C-5 min 81.8 81.7 81.9
90°C-1 min 82.9 82.3 81.8
90°C -5 min 81.9 81.9 81.2
100°C-1 min 82.4 81.6 82.2
100°C-5 min 82.9 83.4 82.7
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4.4 W ¥e 2 BB

441 PLA 32 £ 1 ¥ 5
d 3 PLA A3 B4 2 SR B AGTR A S hE T 2 g S H A S
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B oAbt S AR Y 2 s ir g fe i MR o
" SEMBLEPLAE B 2 40 816 (1457 Mg ed e 372 LAY 3
Ao e AR P E G FRAAK w0 d BT o PLA BT E 4 B
PEF bR o AtS G 4o 2 SR TC MR Y T g 0 PLA G o

(a) (b)
Bl 45PLA R £ 7 %76 () 2 %79 (b)INA Tt o
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Bl 4.6 PLA/KF & &+ H0F 30°C /& 1 A 482 2 0 475 (a) > %75 (b)2Rir

=< o

25.08kV X60.0 SBBrm 25.8k VY X450 B6.7u5m

(2) (b)
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(a) (b)
Bl 4.8 PLA/KF 2% # 3t H58 80°C /& 1 A 482 ¥ %75 (a) 2 %75 (b)IRir %

25.080kYV X41.2 729prm
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25.8kV X138 231rm
(a) (b)
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T4 o
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() (b)
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4.4.3 PLA/MMT 3 3 £ %1
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(a) (b)

235.08kV X1.18K 27.38m

(a) (b)
B 4.15 PLA/MMT & ¥ S 558 30°C R 5 A 452 £ # 855 (a) 2 875 (b)2"
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25.8kV X48.8 7581 m 25.0k VY X580 60 .04m

(a) (b)
B 4.16 PLA/MMT 2% % * 458 80C /R 1 A 482 £ # %75 () 2> %75  (b)®

25.08kV X40.0 758pm

(a) (b)
] 4.17 PLA/MMT 2 5 58 80°C (BB 5 A 482+ # 475 (a) > 475 (b)3%
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25.08kV X500 68.8rm

(a) (b)
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25.08kV X580 6E0.Bmsm

(a) (b)
Bl 4.19 PLA/MMT 2 ¥ 3+ 558 90°C /R 5 A 482 1 W 5% (a) 2 &3 (b)I%
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25.08kV Xx58p

(a) (b)
B 4.20 PLA/MMT & % > 458 100°C %/ 1 ~ 452 £ © %7 (a) > %t (b)

FRidA AL o

25.8kV X508  BO.Dsm

(@) (b)
B 4.21 PLA/MMT & % > 558 100C %R 5 ~ 452 £ ¥ %% (a) > %5 (b)

25.08kV X40.0 75Bsm
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