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Table 2.1 Typical properties of ABS resin

Value
Properties ASTM Unit
XGH69C HG173
Tensile strength D638 kgf/cnt 577 460
Elongation D638 % 32 61
Flexural strength D790 kg f/cnf 940 e
Flexural modulus D790 kgf/cif 277,500 277,060
170D impact :
strength D256 kg-cm/cm 12 25
Hardness D785 g/cc 1159 109.1
Heat deflection o
femperature D648 C 83.2 86
Flow rate D1238 g/10min 9.2 24.7
— 5 —
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Table 2.2 Typical properties of ABS with metallic pigment

Value
Properties ASTM Unit
XGH569C HG173
Tensile strength D638 kgf/cnt 578 468
Elongation D638 % 31 32
Flexural strength D790 kgf/cnt 940 772
Flexural modulus D790 kgf/cnt 29,500 25,970
170D impact .
strength D256 kg-cm/cm 10 21.5
Hardness D785 g/cc 1171 108
Heat deflection o
femperature D648 ( 83.7 875
Flow rate D1238 g/10min 10.7 25
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Photo. 2.1 Black line defect of metallic resin
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Fig. 2.1 Schematic of E-Mold
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Fig. 2.2 Working principle of E-Mold (heating, injection and cooling)
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Table 3.1 Coolant temperature during injection cycle

Mold close Injection Cooling Mold open Ejecting
30~407TC R0 (] 30~40TC
s [njection = Cooling

Hot tank

Cold tank —

Fig. 3.1 Working principle of rapid cooling equipment
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Table 3.2 Factor used in experiment

Factors
A(mm) B(mm) C(o) D(CC)
1 20 40 3 20
Levels 2 23 50 10 40
3 30 60 12 60

. Distance between product and cooling channel
: Distance between cooling channel

. An external diameter of cooling channel

o  w o>

. Coolant temperature
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Table 3.3 The orthogonal array Le(3*) used in the research

oactors (o) (o) @ &)

1 20 40 8 20

2 20 50 10 40

3 20 60 12 60

4 25 40 10 60

5 25 50 12 20

6 25 60 8 40

7 30 40 13 40

8 30 50 8 60

9 30 60 10 20

Table 3.4 Temperature deviation and S/N ratios
No. | Temperature deviétion C) S/N ratio
Resin temperature (210°C) | Resin temperature (230°C)

1 5.396 5.316 -14.5771
2 5.369 5.360 -14.5906
3 5.380 5.341 -14.5842
4 5.439 5.394 -14.6744
5 5.314 5.375 -14.5583
6 5.460 5.351 -14.6572
7 5.409 5.524 -14.7547
8 5.514 5.321 -14.6774
9 5.498 5.531 -14.5771

Collection @ pknu
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Table 3.5 The response

table of S/N-ratio

1 2 3 4
Factors k
1 -14.58 -14.61 -14.64 -14.87
2 -14.63 -14.71 -14.77 -14.48
3 -14.75 -14.63 -14.54 -14.61
Delta 0.21 0.11 0.28 0.40
Ranking 3 4 2 1

Collection @ pknu
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Table 3.6 Injection conditions for experiment

Injection conditions Unit Value
Injection pressure MPa 50
Injection velocity mm/sec 30

Mold temperate(C) T 40
Filling time(sec) sec 5
Cooling time(sec) sec 30

Fapid cooling
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Il ©
e

G —» G- )+

@ = |l O 8
A —» | Y 35— v
@ ®

(D012 +(O012

L

D0.®.,3.@,8,® : Temperature measurement location

Fig. 3.4 Structure of rapid cooling line in a mold
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Fig. 3.6 Surface temperature according to cooling type
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Fig. 3.7 Maximum surface temperature according to cooling type
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Table 4.1 Experimental molding conditions

Control factors Test conditions
Heat drier(C) 80(4 hrs)

Injection pressure(MPa) S0 49" 70

Injection velocity (max=100mm/s) 30, 50 , 70
Holding pressure(MPa) 5
Mold temperate(C) 220

Pigment content(%/kg) 03,05, 1
Laboratory temperature(C) 22
Filling time(sec) 25
Holding time(sec) 05
Cooling time(sec) 60

_ 97 -
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Photo. 4.4 Measuring device(GCMS)
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Photo. 4.2°] AFE4 @ 71= LG7IAI9] 450=(ton) 4 olH, 2
22 140Mpa, 2= F(screw)2] €742 70mmo] t}.

Photo. 439 =532 Fofo]l 974 6mme dHE AYstir 2=~
£ AAgAT. Fol AELe A2eFY A=

NAKR0S HAsEt NAKS) A5 gahxa 9
429} Table 4.3 eI

Table 4.2 Chemical composition(wt. %) of NAKS0

C Si Mn Ni Cr Mo
0.1~0.2 0.3~04 1.4~15 2.7 T 0.25~0.5 0.3~0.6
Table 4.3 Mechanical properties of NAKS0
Tensile strength | Yielding-strength Elongation Hardness
(kgf/mm®) (kgf/mm’) (%) (HRC)
120~135 100~115 >17 37~41
Photo. 4.4¢] GCMS Hl&= Als A A7 #gS 98] Head space= Al
28 /1870 ZAR ARE B FHARG ava AL 5
3 A=mE wEste] EAE 0y FAld A FEE AAFStal Data
Aelste FHoE AR
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Table 4.4 Compound name according to the number

Index no. Compound
1 MMA
2 Toluene
3 BD-dimer
4 Ethyl benzene
5 Styrene
6 Isopropyl benzene
7 Benzaldehyde
8 a-methyl styrene
9 [SiO(CH3)2]4
10 Acetophenone
11 2-Phenyl-2-propanol
12 Diisopropyl benzene
13 2,4-Diisopropyl phenol
14 4'-1sopropyl acetophenone
15 Dimethyl 1,2-Cyclohexanedicarboxylate
16 Hexadecanoic acid
17 Octadecanol
18 Ir1141=(CGX A00145)
19 Tin327
20 Oligomers
~ 31 -
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= 30mm/s 5 50mm/s - 70mm/s

1000
15:0 300
§ 800 T otal contents 5,286
%’ 700 Total contents 4,197
)
5 00
2 500
= 400
g
g, 300
g 200
S
1o Sy
1 2 3 4 b B T84 il 8l gz T3=14 15 16 17 18 19 20
Index number
(a) ABS HGI173
& 30mm/s 5 B0mmyfs -& 70mm/s
1000
15:0 300
2 800
£ 1700
2 goo Total contents 3,720
[
g 500 /—Total contents 2,969
g 400 _ —Total contents 2,043
g, 300 p
g 200
(=]
© 100
O LR + — t t + e +—E3 B
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Index number

(b) ABS XG569C

Fig. 41 Compound contents according to injection speeds
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-« Rapid cooling -2 Normal cooling
1000
15:0 900
¥ 800
- Total contents 5,286
2]
= 700
% 800 — Total contents 1,590
& 50O
T 400
g
g, 300
£ 200
(=]
© 100
0 2 e e
1 2 3 4 5 B TSty il lsl a2 -T3=11 15 16 17 18 19 20
Index number
(a) ABS HGI173
s Rapid cooling -4 Normal cooling
1000
15:0 900
2 800
£ 1700
b Total contents 3,720
5 G600
& BOO Total contents 1,462
g 400 /_
g, 300
E 200
(=]
© 100
0 A &b G
1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Index number

(b) ABS XG569C

Fig. 4.2 Compound content according to rapid cooling
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<& 30MPa & H0MPa - 70MPa
1000
:E:o 900
¥ 800
T Total contents 2,889 —
= 700
© Total contents 2,692 —,
= 600 N,
2 B00 Total cortents 2,482 \
T 400
g
g, 300
£ 200
(=]
© 100 PO
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1000
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2 800
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(b) ABS XG569C

Fig. 4.3 Compound content according to injection pressure
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Compound contents(ue/g)

1000

300
300
700
g00
500
400
300
200
100

-« Rapid cooling -2 Normal cooling

Total contents 2,589
Total contents 2,394:\
A

\

ik ] ; T P ol s T s L

S = Taan

1 2 3 4 5 B 7 _ =879 A, ld J27+8-14 15 16 17 18 19 20

Index number

(a) ABS HG173

Compound contents(ue/g)

1000
300
300
700
g00
500
400
300
200
100

< Rapid cooling -2 Normal cooling

Total contents 2,043
Total contents 1,492 —,

\

1 2 3 4 5 6 7% 8 9 10 11 12 13 14 15 16 17 18 19 20

Index number

(b) ABS XG569C

Fig. 4.4 Compound content according to rapid cooling
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Table 4.5 Typical composition(wt. %) of metallic pigment

Pigment
Resin :
Meterial Contents (%) size
ABS
Al 0.3, 0.5, 1 10/m
(HG173)
ABS
Al 0.3, 0.5, 1 10m
(XG5H69C)
_ 40 _
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1000
300
300
700
g00

Compound contents(ue/g)

& 03% 5 05% - 1%

Total contents 4,779
/— Total contents 3,520

500 — T otal contents 2,889
400
300
200
100
1 2 3 4 5 B 7 =89 101112131415181’7181920
Index number
(a) ABS HGI173
< 03% 5 05% - 1%
1000 1 i ‘
:5:0 900
=14}
800
“% — T otal contents 3,650
£ 700 /
g 600 T otal conterts 2,769
& 50O
T 400
g
g, 300
£ 200
(=]
© 100
O L L n n n = .. a . KA '. ! ! £ 1
1 2 3 4 5 B 7 8 9 101112131415181’7181920
Index number

(b) ABS XG569C

Fig. 4.5 Compound content according to pigment contents
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Compound contents(ue/g)

i -« Rapid cooling -2 Normal cooling

300
300
700
g00
500
400
300
200
100

Total contents 4,779

Total contents 2,468

L

] o

L

Index number

1 2 3 4 5 B 7 _ =879 A, ld J27+8-14 15 16 17 18 19 20

(a) ABS HG173

Compound contents(ue/g)

i - Rapid cooling -2 Normal cooling

300
300
700
g00
500
400
300
200
100

Total contents 3,690

/— Total contents 1,815

1 2 3 4 5 68 % 8 9 10 11 12 13 14 1% 16 17 18 1

Index number

-

9 Z0

(b) ABS XG569C

Fig. 4.6 Compound content according to rapid cooling
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A study on plastic injection characteristics for a

metallic resin using rapid cooling system
Lee, Gyu-Sang

Department of Mechanical Engineering,

Graduate School of Industry of Pukyong National University

ABSTRACT

Most of the plastics products are being manufactured by injection
molding process, which has a merit for producing complicated shape
precisely. Also, the latest trend is that as the demand of plastic products
increased, many polymer processes have been developed. One of them is
injection molding process for-metallic resin.

However, processing difficulty or unexpected defect occurs due to
polymeric materials with metallic pigments. Several molding defects are
appeared according to the control parameters during injection molding.
The main cause is compounds that are produced during injection molding
process. ‘Therefore, these compound contents for molding are very
important parameter for metallic plastic injection molding.

This study, which was theoretically and experimentally performed for
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compound contents, was conducted according to molding condition.
Various compound contents were also examined for the condition of
mold cooling such as rapid cooling system.

Injection speed of 70mm/s showed higher compound contents than
30mm/s and rapid cooling decreased compound contents by 65% of
normal cooling.

Compound contents according to change of injection pressure is not
much different and rapid cooling decreased compound contents by 22%
of normal cooling.

Pigment contents with 1% showed higher compound contents than
0.3% and rapid cooling decreased contents by 49% of normal cooling.
Also ABS XGbH69C polymer showed less compound contents than HG173

polymer.
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