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ABSTRACT

As a trend of lightening automobiles and electronic products, several studies are currently underway to replace
parts of metals with resins. In particular, heterojunctions between metals and resins are now under the spotlight. This
study aims to evaluate the variation in bonding strength with process conditions when the polybutylene terephthalate
(PBT) polymer is bonded to a specimen of the lightweight 6061 aluminum alloy (AL6061). Conditions of the
bonding surface of the AL6061 specimen, the temperature of the injection mold, and the content of the glass fiber
were considered to be process variables. Bonded specimens were manufactured for different values of these variables.
Bonding strength tests were then performed on these specimens and variations were analyzed in their characteristics
corresponding to those of the process conditions. Fractures in these specimens were assessed using scanning electron
microscopy (SEM) to assess the fracture surface. This was then used to analyze the fracture shape and determine
whether anodizing the specimen led to the development of cracks on the joint surface. Results of the above test
indicated that while the surface condition of the specimen and the temperature of the injection mold significantly
influenced the strength of bonding, the content of the glass fiber did not.

Key Words : Polymer-metal( X=XF-2<),  Nanopores(“H=#7{), Direct Bonding(Z&&%}), Mechanical
Interlocking(7 | H| & | Z), Nano-rivets(SH&t& %2
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Table 1 Specification of the Tensile tester

Measure of Capacity [kN] 30
Minimum Speed [mm/min] 0.001
Maximum Speed [mm/min] 1,000
Crosshead Travel [mm] 1,140
Vertical Test Space [mm] 1,212
Culumn Spacing [mm] 418
Area Dimensions H )ECVIVn T D 163x78X73

Table 2 Materials Information

Item Macnufacturing Item Number
ompany
PBT Shinkong Shinite K011
Glass Fiber Nittobo 830S
Glue Hanwha
(Compound) Compound BS-41
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Adhesive Surfaces

(a) Rough cutting
Fig. 1 Surface Roughness

(b)Finishing
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Fig. 2 Geometry of specimen

Table 3 Specification of the Injection Molding

Barrel temperature
o Average

Zone | Temperature(C)
e 230270 Drying | 80~120C
Center 250~280 Temperature 4~6h
Front 260-290 Injection | 100~140
Nozzle 270~290 pressure Mpa
Melt 225 Screw

rotational | 20~40 rpm
Mold 80~130 speed, sec

Table 4 Specification of the MCT Machine

MCT FANUC, 24,000RPM

TOOL Face Cut, end mill
Spindle speed 800 mm/min
Spindle RPM 12,000

(a)Before MCT processing  (b)After MCT processing
Fig. 3 Geometry of specimen

o
AnodiZing

Fig. 4 Example of Defect (SABIC Company)

- 137 —



o

oo
N
o
off

>

2
S
S

D AFTIAZFE I A A204Y, AsE

Table 6 Tensile characteristic result data (130C)

Value[Mpa]
Roughness [Qf//OF] Average
NON | Anodizing
41.1 39.2
G/F 42.7
35 44.5 355 ;355
42.5 32.0
Rough 323 27.7 369
_ G/F40 | 39.6 335 323
Cutting 387 | 358 '
37.6 34.9
GF4s | 465 | 368 | Abl
39.1 28.5
41.5 34.6
GF3s | 365 | 329 | 86
37.8 29.1
358 35.8
s 355
Finishing | G/F40 | 36.9 29.6 32.0
33.7 30.7
33.1 35.1
36.6
G/F45 | 384 32.6 33.0
384 31.3
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Normal probability plot of the residuals Residuals versus the fitted values
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Fig. 5 Residual plot for Bonding strength

Table 7 Processed sample image

Temp.

NON

Anodizing

80C

130C

Table 8 ANOVA

Source DFY Adj ss? Adj MS® F-Value? p-ValueS)

Model 7 508589 72656  24.09 0
lincar 4 494444 123611 40.99 0
Temp. 1 404213 4042.13 134.04 0
Surface 1 63947 63947 2121 0
Glass’F 2 4067 2033 067 0514
2-Way

interactio 3 341.16 113.72 3.77 0.016
ns

*gﬁr“gée 1 22424 22424 744 0.009
%‘;;I;FS’/-F 2 16312 8156 27 0077
Error 49  1477.6 30.16

Total 56 6563.49

1)DF : Degree of freedom; 2)AdjSS : Sumofsquares;
3)AdjMS : Meanofsquare; 4)F-Value : MSTR/MSE;
5)p-Value : The criterion for determining the significance
level and the reference value is less than 0.05.

Table 5 Tensile characteristic result data (80C)

Roughness | G/F[%] Value[Mpa] Average
0
35 0 Failed
0
27
glj’t‘t‘i%lhg 40 2.8 26.3
28.9
21
45 23.4 23.8
26.9
0
35 0 Failed
0
11.4
Finishing 40 17.7 15.4
17.3
8.8
45 9.6 9.1
9
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Fig. 6 Main effect plot
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SEM V. 1000KV WD, 7646 mm
SEMMAG 500x  Det SE

(a)Rough Cutting
Fig. 6 Adhesive Surfaces

(b) Finishing

SEM HV: 1000 KY. MRAL TESCANSEM HY. 101V Wo. 0.7 mm
MAGIS00Kx et SE 0um 7SEM MAG: S00kx  Det SE 0pm
KU KNy

(¢) NON (d) Anodizing

Fig. 7 The surface SEM image of the Rough Cutting

SEMHV. 1000V WD: 8.7 mm
SEMMAG: 500k Det SE 10pm

n’szw»{s 500k Dst SE 10 pm

(e) NON (f) Anodizing
Fig. 8 The surface SEM image of the Finishing
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Table 9 The surface SEM image of the Al alloy
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