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Aluminum Coating on Magnesium—Based Alloy by Hot Extrusion and Its Characteristics

Toko Tokunagal-* Kiyotaka Matsuura? and Munekazu Ohno?

LGraduate School of Engineering, Hokkaido University, Sapporo 060-8628
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Although magnesium-based alloys have excellent mechanical properties, their very poor corrosion resistance limits their ap-
plication. It has been considered that aluminum coating would solve this problem because aluminum has an excellent corrosion
resistance. This study proposes a superior coating method based on the hot extrusion process. An aluminum plate set between the
magnesium alloy billet and an extrusion die having an inversely angled face was successfully extruded together with the magnesi-
um alloy billet and, as a result, the aluminum coated the extruded magnesium alloy with a uniform thickness. Corrosion tests
based on dipping in HCl aqueous solution and potential measurement in NaCl aqueous solution showed that the extruded sample
exhibited the same corrosion resistance as the aluminum. A three point bending test at room temperature resulted in fracture af-
ter plastic deformation, while at high temperatures between 100 and 300°C plastic deformation without fracture occurred. Nota-
bly, the intermetallic layer formed on the boundary between the magnesium alloy substrate and the aluminum coating layer plasti-
cally deformed without cracking at 300°C. A tensile test at room temperature resulted in a UTS of about 320 MPa and a plastic

elongation of 18%.
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Fig. 1 Schematic drawing of equipment and samples for hot
extrusion.
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Fig. 2 Schematic images of die: (a) cross—section of die, (b)
overhead view of die, (c) overhead view of die used for bending
and tensile tests.

Table 1 Chemical composition of the Mg-based alloy (AZ80)
used in this study.

Al Zn Mn Fe Ni Cu Si Ca Sn

mass% 8.2 0.56 0.44 0.0001 0.0006 0.0008 0.013 0.001 <0.001

ZULEET A LA T XV AE4T Table 1
IR TALSEH RO AZB0 G4 CTh D, THIHTH BN 2 EE
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Fig. 4 Interface between Al coating and Mg-based alloy in
the sample extruded with 6=20°.
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Fig. 5 Result of EPMA of the intermetallic compound.
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Fig. 6 Change of thickness of Al coating with respect to the
distance from the tip of the samples extruded with different die
angles.
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Fig. 7 Longitudinal section of the sample remaining just
beneath the die in container after the extrusion with (a) #=0°,
(b) 10°, (c) 20°, (d) 30°.
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Fig. 8 FE-SEM images of the microstructure in as-received
sample: (a) cross—section, (b) longitudinal-section.
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Fig. 9 Microstructures of Mg—based alloy after heat treat-
ment: (a) cross—section, (b) longitudinal section.

Fig. 10 FE-SEM images of extruded sample taken from the
middle part in length of the extruded bar: (a) cross—section, (b)
longitudinal-section.
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Fig. 11 Weight loss versus immersion time in 5.0 mass% HCl
aqueous solution at room temperature.
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Fig. 12 Electrical potential changes with respect to immersion
time in 3.0 mass% NaCl aqueous solution at room temperature.
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Fig. 13 Load—-displacement curves of bending tests at several
testing temperatures.

Intermetallic compound

Fig. 14 Micrographs of intermetallic compound in the frac-
tured sample: (a) far from fracture point, (b) near the fracture
point.
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Fig. 15 Micrographs of intermetallic compound in the samples after bending test at 100°C for (a) and (b), 200°C for (c) and (d),
300°C for (e) and (f). Figures (a), (c) and (e) correspond to the tension side, while figures (b), (d) and (f) are the compression side.
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Fig. 16 Stress-strain curve obtained by tensile test at room
temperature.

H T DA OB A dR B R AR 23 <, i dioRE
DAL X DR, [HUBEL <N+ A EPHOLNT
WAL BRI LUE, SEAWC AZB0 X/ RV AESE
DR S 280 MPa BECTH D, MEIEZS5XEETH
BW. O ELD, AMHMITERETINTIC X 5 K aBR
HED 72 DITHRIE MO8 L L7z L HEZS S A, BB L
DT XV T LEEDFIERBRIIIT DR 2 720, 200~
300 pm &S PEE S (I HMERE TH 5 12 mm & g
T 5 EIEFICHL, WREOFELSEOF RFABROK R
FL D AT ERBEARARE S RSN 5.

4. #

i

RTRYT AESRECTIVI o AW BT 5 HE L L
TEMMHERREL, Bon/cHeont i, iR
B, BlRABRZAT - 7ok R, DU Ofbam A 157,

(1) 73V ILEEY VY FETIVIZTAREENT
MLEIZ LK, VRV LEEOREETIVI Y
LTHETES.

2) XA A 20°DEFAE DT 5 &, RV FERE
ICh/c> TH-BEIOWEY T ENTES. ZDOLE,

BARHIHIEIC B 7 RV Y AGEROT IV 0 L L 2 OMEME 639

R 2RI 5\ TR AR L 28 C 5

(3) WEZMSN/MEFITT VI =T AL FEROENT:
i Fef % 75 9.

(4) AP T O R T L 7223, 100°C LI
ETRRVWHITEIEE AR L7z, 2720, BEREICHL
7o BREML ST RAENE L. i3 EaiRE 300°C L
ETReRELEWRENAEE 2R L, A SN 7
MIMEET 5. RPFHHIE, = TH 320 MPa O 5 |iRkaR
S B LU 18X DMU %R .

AHFFEO—HIE, WL ATK H <8 J in RS ot i B B
M, —#Br7eBH R (AF-2009005) DB O T IC T 7z
LOTHY, L THEERLET.

X [y

1) M. Takaya: J. JILM 50(2000) 567-576.

2) Y. Chino and M. Mabuchi: J. JILM 51(2001) 498-502.

3) M. Kohzu: J. JILM 54(2004) 493-498.

4) H. Yang, X. Guo, G. Wu, W. Ding and N. Birbilis: Corros. Sci.
53(2011) 381-387.

5) A. Hasumi, Y. Itoi and E. Sato: J. JILM 30(1980) 432-436.

6) H. Asada and K. Iwasaki: J. JILM 10(1960) 49-54.

7) A. Pardo, P. Casajus, M. Mohedano, A. E. Coy, F. Viejo, B.
Torres and E. Matykina: Appl. Surf. Sci. 255 (2009) 6968-6977.

8) M. Campo, M. Carboneras, M. D. Lopez, B. Torres, P. Rodrigo,
E. Otero and J. Rams: Surf. Coat. Technol. 203(2009) 3224-
3230.

9) H. Pokhmurska, B. Wielage, T. Lampke, T. Grund, M. Student
and N. Chervinska: Surf. Coat. Technol. 202(2008) 4515-4524.

10) M. Parco, L. Zhao, J. Zwick, K. Bobzin and E. Lugscheider:
Surf. Coat. Technol. 201(2006) 3269-3274.

11) Y. Gao, C. Wang, H. Pang, H. Liu and M. Yao: Appl. Surf. Sci.
253(2007) 4917-4922.

12) A.H. Wang, H. B. Xia, W. Y. Wang, Z. K. Bai, X. C. Zhu and C.
S. Xie: Mater. Lett. 60(2006) 850-853.

13) Y. Harada, H. Kosugi, S. Maki, M. Umemura and E.
Nagashima: Mater. Sci. Forum 419-422(2003) 963-968.

14) 1. Shigematsu, M. Nakamura, N. Saitou and K. Shimojima: J.
Mater. Sci. Lett. 19(2000) 473-475.

15) M. Mino: SFJ 42(1991) 811-814.

16) H. Sano, T. Ishikawa, N. Yukawa, K. Yoshida and T. Kaneko: J.
JILM 58(2008) 183-188.

17) S. Ikeda: Thesis for doctor’s degree, (Tohoku University) 1980.

18) T. Terada, H. Onishi and T. Kawakami: J. Japan Inst. Metals
65(2001) 621-626.

19) http://www.magnesium.or.jp/



