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Abstract: There exist various methods to give a metallic texture to plastic products. Those are plating, coating, injection
with pearl resin, etc. The most effective way among many methods is adhesion of metal and plastics directly through
injection molding. Metal and plastics can be attached by metal insert molding after insertion the metal in the cavity of
mold without any additional processes. However, the adhesion strength at the interface between metal and plastics can
be weakened by shrinkage difference and dissimilar characteristics of two materials. In this study, adhesion strengths for
metal insert molded specimens have been investigated with variously surface treated metal plates. Surface treatments of
metal surfaces were done by etching, sand blasting, and laser machining. Adhesion strengths were diverse according to
the surface treatment of metal and they depended upon surface morphology. In these experiments, the highest adhesion
strength was exhibited in the metal insert molded specimen with laser machined metal plate by controlling the head angle
of laser.
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Figure 1. Schematic drawings of metal insert molding process.
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Figure 2. Specimen for adhesion test.
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Figure 3. Schematic drawing of etching process.

Table 1. Etching Solutions Used in This Study

Solution Content of Etching Solution
Solution 1 HCI: H,SO,: H,O=1:2:5
Solution 2 Oxalic Acid (C,H,0,-2H,0)
Solution 3 Sodium dichromate (Na,Cr,0,-2H,0)
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Figure 4. Schematic drawing of sand blasting process.
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Figure 5. Schematic drawing of laser machining process.
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Table 2. Detail Condition of Laser Machining

u
of

Machining path Head angle
. 45°
Right angle cross 90°
Parallel line 45° 135°
Diagonal cross 45°

Figure 6. Line path of laser machining.
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Figure 7. Mold for the metal insert molding.
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Figure 8. Injection molding condition for metal insert molding.
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Table 3. Tensile Test Results Using Etched Metal Specimens

Adhesion strength

Solution Resin (kPa)
Solution 1 NA
Solution 2 ABS+GF(30 wt%) NA
Solution 3 NA

Figure 9. Photo of metal surface before surface treatment (x100
view, optical microscope).
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Figure 10. Photo of etched metal surface: (a) etching with solution
1; (b) etching with solution 2; (c) etching with solution 3 (x500
view, optical microscope).

Figure 11. Photo of plastic (30 wt% glass fiber filled, ABS) surface
in bonded region after tensile test (x500 view, optical microscope).
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Figure 12. Photo of sand blasted metal surface: (a) finished surface
with 1 um depth; (b) finished surface with 13 um depth; (c) finished
surface with 13 pm depth and 1 um depth (x500 view, optical
microscope).

13 um %02 7% & 1um ZHel& A7Hske & 37K
27 BFolA w3 SukaE o] HAEA] %9kt Figure
12 A= B gE FE5A1e 1HS Feldndow &
F3k Aot} o AH FEAIHED AAFOoZ AZTY | um
Zlo|2 71gd FH5A1H e FHAZ7](Ra)E 0.08 pmo] 2,
13 pm Zo|& 71 S5A1 0] FHAZT|(Rays 3.643 um
2 13 um Zo|2 7F53k 3¢ ®wo] B A2t} Figure 12(c)
= 1Bum®] 0|2 7R ¥ 1 um #ol2 A7Fest S5A19

o] S #93 Aot} Figure 12(a)2t 12(b) A4S AA
2 AA™E AR FF ARolatelo)] 2k FAEo] 7HE o]
AE AL E S A} ol FHINS 717 453 22

28 Apo|7h HAEA] 2 AR Kol M= ESAEE F
3 el Aol 22 FFE] 7HeE AL ol whet EH
A ooy T3 HAs Ydsldde #5531 ZleR
wITh, E3 of| ] 79 wiR AR Aol F7HE e
A7E S5 Skl BaE e RS Welishas] HARRT
7F A B EA € Ao® Helth

ol & M= S2tAE AIH. JAME B9 F AAE 4
77} Table 40 Ve ok 2 Ao = FeldF7t A
o u)x)= JFS wAsl7] 95te] £A= neat ABSSH
neat PCE AME-3t] JIME =98 33ttt ABSS| 745
w53 FekiE o] sl HHEA U PC] Z-g-oll= Al
7 A 27 Bl 5453 SEkaEo] HAEA]
23Sk}, Figure 132 M= SokAgrt A2jd F45%He] 2
gFen| 7 FPAKIol A Figure 14= ol & M= Eapi g

Polymer(Korea), Vol. 41, No. 4, 2017

M8 |SCHEH | IP: 117.17.189.%** | Accessed 2018/01/16 19:35(KST)



732 A -

7 AZ FEEH] % 73 Fgrploltt. ol = A
= BelagrkA] 2gE FEEHAME 249 2lol7) Je
AOF Hol G| IAT}F v & A o7 dAvtdn oY
Fo] SR ol gefo] H-2] 2ol ofsf Huto] A|A
wo] o]zl FekalA U= deielt). olH g 2
Qo M= Eglgo] R HA] AME BgfiEo] B2 §
JJrXLi A8H0S Aotk a2y o)y F A= Bekiy
< AAHEE FE5EH o3s] dFow F4E HWal ¢
kst swo] FAE] e Ao Btk ABSE AREEE Al

el
EFN

Table 4. Tensile Test Results Using Sand Blasted Metal
Specimens after Etching

Etching Sand blasting Adhesion strength
Solution Head angle (kPa)
ABS 302.28
60°
PC NA
HCI: H,S0,: H,0 . ABS 243.95
—1- - 75
=1:2:5 PC NA
ABS 344.89
90°
PC NA

Figure 13. Photo of sand blasted (head angle: 90°) metal surface
(x100 view, optical microscope).

Figure 14. Photo of sand blasted (head angle: 75°) metal surface
after etching (x100 view, optical microscope).
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Table 5. Tensile Test Results Using Etched Metal Specimens
after Sand Blasting

Sand blasting Etching . Adhesion strength
Resin
Head angle Solution (kPa)
ABS NA
60°
PC NA
750 HCI: H,SO,: H,0  ABS 43.61
=1:2:5 PC NA
ABS NA
90°
PC NA

Figure 15. Photo of etched metal surface (X100 view, optical micro-
scope).

M8 |SCHEH | IP: 117.17.189.%** | Accessed 2018/01/16 19:35(KST)



Figure 16. Photo of etched metal surface after sand blasting (head
angle: 75°) (x100 view, optical microscope).
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Table 6. Tensile Test Results Using Laser Machining

Adhesion

Machining path Head angle Resin strength
(kPa)

) 45° 1471.91

Right angle cross 5
90 ABS+GF NA

Parallel line 452,135 (30 wt%) 701.86

Diagonal cross 45° 936.46

733

Figure 17. Photo of laser machined metal surface for right angle
cross with 45° of head angle: (a) photo of optical microscope (<500
view); (b) Nano 3D view (480 pmx360 pm).

(b)
Figure 18. Photo of laser machined metal surface for right angle

cross with 90° of head angle: (a) photo of optical microscope (x500
view); (b) Nano 3D view (480 umx360 pm).

(b)

Figure 19. Photo of laser machined metal surface for parallel line
with 45° and 135° of head angle: (a) photo of optical microscope
(%500 view); (b) Nano 3D view (480 umx360 pum).

Figure 20. Photo of laser machined metal surface for diagonal cross
with 45° of head angle: (a) photo of optical microscope (x500
view); (b) Nano 3D view (480 umx360 pum).
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