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Effect of Anodizing on Direct Joining Property of Aluminum Alloy and

Plastic Sheets by Friction Lap Joining *

Toshiya Okada**, Shouhei Uchida*** and Kazuhiro Nakata****

We have proposed a novel joining process, friction lap joining (FL]) to join a metallic material sheet directly to

a polymer sheet and have investigated mechanical and metallurgical properties of these dissimilar joints. In

this paper, the joining mechanism was discussed with the evaluation of TEM microstructure at the joint

interface between 2017 aluminum alloy and 2 kinds of polymers, the ethylene-acrylic acid copolymer (EAA),

and the high density polyethylene (PE). EAA sheet was easily joined to an as-received aluminum alloy sheet by

FL]J, because EAA had a polar functional group, -COOH. On the contrary, PE was not able to be joined to an

as- received aluminum alloy, because PE had no polar functional group. However, anodizing of aluminum alloy

was effective to join these materials by the assistance of the anchor effect.

Keywords: friction lap joining, aluminum alloy, plastics, dissimilar materials joint
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Table 2 Properties of the plastics used.

2.1  fEskHt Plasti Structural |Softening| Melting |Elastic limit
asties formula point/K | point/K N/mm
T I =T AEEIIEERERM & LT—HKMICH -[-CH,CHy-1,-
WHN TV 2017P-T4 %2 3% L 7zo Table 1IZHEEFS EAA '['CH2|CH']"" 355 371 12
DAL % /R T o B IR L5 mm, & COOH
EBLVIEIZZNZRLT5 mmB L Owl50 mm T PE | [CHCHy], | 3% | 405 )
Table 1 Chemical composition of the aluminum alloy. (mass%)
Si Fe Cu Mn Mg Cr Zn Ti Al
2017P-T4 0.55 0.21 413 0.70 0.56 0.03 0.06 0.02 re.

0, 00 1.0 e Blo ot (LY,

As-received

Anodizing with sulfuric acid

Anodizing with oxalic acid

Fig. 1 Surface appearance of 2017P-T4.
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Fig. 5 Joint appearance of EAA and as-received 2017 Al
alloy with different tool diameters.
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Fig. 7 Surface appearance and the cross section of 2017/EAA joints at different surface conditions (tool diameter 15 mm).
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Fig. 8 Effect of surface treatment for 2017 on tensile
shear load of the 2017/EAA joint.

Holz,

Fig. 9 A) 132017 RALELH EAARKTF D5 [5RA AW
RERR O E - HORR %, Fig. 9 B) (X o B
K (a) B L O TI (g) OB OB LD —dDF
HART, HE (a) 25 (g) IZZNENKH D (a) » 5
(g) ORI OREBFABUIHIS L, Wi d B2
SEE L2 0THY, RmIBEETHY, Timl
0177 NVI=ZTAEETH DL, FUERITY — b ##5
AHY, ZTOWMMPIZER L 728G E QBT oM I
BIEDS - 72588 (BEMR & OB R 2 S THER LT
%) RO SNz, Gk, (b) TEIREEDOLR
MRET 5 &, (0) DX I ICBIED - 72 IO R A
NHR, 73 =y A 5E&RA»SHEET 5. DR
L7235 OBIRIZTEAA BEMEE & LIS T T
Bahbo EAWMEL (d) TRT L ) HBERE DS

UACJ Technical Reports, Vol.3 (1) (2016) 45



46 BEBEREGICIBT VI = A8 L BIRMEOBEERERHECRIZT T V< 4 bR BULEE o EE

25

(2)

Tensile shear load /N-mm

(a) Fracture

0 20 40 60 80 100 120 140
Elongation /%

A) Tensile shear load curve of as-received 2017/EAA joint
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Fig. 9 Result of the tensile shear test on as-received Al
alloy and EAA plastic.
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Tool passed zone

(b) As-received

EDX:C Ka (Red), Al Ka(Blue)

(d) Anodizing with the oxalic acid

Fig. 10 Appearance of fractured surface of 2017 Al alloy (a), and SEM Image and C mapping with EDX for different surface
treatment of 2017/EAA ; (b) as-received (c), anodizing with the sulfuric acid and (d) anodizing with the oxalic acid.

Surface condition Surface view Bottom view T "
of Al alloy (Al alloy side) (plastic side) ransverse cross section

As-received

Anodizing with
the sulfuric acid

Anodizing with
the oxalic acid

Fig. 11 Surface appearances and the cross section views of the welded joints between each surface and PE (tool diameter 15 mm).
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Fig. 12 Result of the tensile shear test of 2017/PE joints with different surface treatments.
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Fig. 13 Appearance of the fractured surface (a); SEM image (b) and (e), C mapping with EDX (c) and (f), and higher
magnification SEM image (d) and (g) at the square area (a) for the anodizing 2017/PE joints.
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Fig. 14 Temperature measurement results at the joint interface during FL] with tool diameter of 15 mm.
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Fig. 16 Higher magnification TEM images at the joint
interface of the anodized oxide layer and PE.
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