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. Effect of Anodic Oxide Film on Fatigue Behaviour of Magnesium Alloys
in Laboratory Air and Demineralized Water
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This paper describes the effect of anodic oxide film on fatigue behaviour of wrought magnesium
alloys. Rotating bending fatigue tests have been performed using smooth specimens with anodic
oxide films in laboratory air and demineralized water. Two different anodic oxide films, Mg-Hard
and Mg-Light, were evaluated, in which both films had the same thickness of 30 pm, but the former

had considerably higher hardness than the latter.

In laboratory air, the fatigue strength of the

anodized specimens with Mg-Hard was nearly the same as, or slightly higher than, that of the bare
or untreated specimens, while the anodized specimens with Mg-Light exhibited higher fatigue
strength than the bare specimens. In demineralized water, the fatigue strengths of both anodized
specimens were the same as these of the bare specimens, indicating no improvement of corrosion
fatigue strength by the anodic oxide films. This was because pores and crackings preexisted within
the anodic oxide films acted as penetration path of the solution, thus similar corrosion fatigue process
to the bare specimens took place underneath the anodic oxide films.
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Table1 Chemical compositions of materials

Alloy Al Zn Mn Ni

Cu

Fe Si Pb Ca Sn .

AZ61A 6.4 0.74 0.35 0.0012 0.003 0.001 0.015 0.001 0.001 <0.001
AM60 6 0.02 0.32 0.0005 0.03 0.003 0.03

Table2Z Mechanical properties of materials

0.2% proof Tensile Elongation Reduction Vickers Grain

Alloy stress strength ofarea hardness size
092(MPa) og(MPa) ¢ (%) y (%) HY  d (pm)
AZ61A 186 248 ' 14 24 66 12
- AM60 196 246 13 33 64 9
Table3 Properties of anodic oxide films
Anodic Thickness Vickers Film
oxide t hardness structure
film (um) HV
Mg-Hard 30 500-600 MgO, Mg(OH),
Mg-Light 30 100-120 MgAl,O, Mg(OH),

Fig.1 Optical micrographs showing microstructures of materials: (a) AZ61A, (b) AM60

—123 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanica

Engi neers

124

AEHB I HAFEBT 373 vV AGEORGERHCRIT T BERILEBEORE

AR TN & o> TR O THICHER: 140mlmin T
T, ERSETERLE. 228, XKPOREBRTI3HE
SHEEEDHIEIIAT > TRV,

PR, WS & OMERBREE DR # EARIE
FEEMSE (SEM) (T XV EEmcEisEE LT-.

3. REBHER

3-1 HEEMEE  Mg-Had & Mg-Light ORIEZED
K% SEM TEEL-BREZM 2 17T, K58
LOVRE DI, WEEE Y 10um BREOFLEMIGE
DB, Lok Mg-Hard DIiF 523 Mg-Light K0 %
ENTE . HETEICISIT ATEREORRE K 3 (TR
3. Mg-Hard Tid, WEICHERE & FHROILSE RS
D LNBDIH LT, MgLight T, FEREPEHICIL
I3FFEET, Mg-Hard X0 bEETHSH, HHEHR
WENSRONE. L, RENORMETEEL

%
Fig4 Pore developed from inclusion existed near surface of base material (AM60+Mg-Light). (b) is the magnified view of
the rectangular region indicated in (a)

TWAENIDRL, B 2b)TRON-EE EOEN
13, ZOIEEAERBHNITEL QRN EEZ B
5. F£T-, IhLHELNE HIZ, MeLight TIXEES
B OREHBFETH B, Mg-Hard CIIREICEE
ZMMA RGNS, REEREI RN N7 aREE T b
FLTRY, ZoMMIRBEERE TE L LD THS.

BR L7z L339, Mg-Light (213 Mg-Hard 1236517 5 &
HIRFUTIZE AR TR, BI4ITRT LD
IRERLHSBESNE. K 40)0IE 4@DIEREE
THD. IroBHLIRE DI, BMRECNTEN
MR T&D. ZOMEMEERL LTHIMBELTZ &
PHERISND. ERITEMT D, O TEY% EDS
RS THITLIZEZ A, Al & Mn RSz &
b, MgA4ic LT UISFEET % Alvin AT ©
Tho LW ESIE. X4 OBEERIT, REIFET

—124 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

RSB LPHAPBI 272 YV LAGEORVESIIRIZTBERILEBEORE 125

NEMITHET B &, NTEDH RIERGEDEE L 2,
AR SN2 LR LTS, L=idoT, Bk
BV EEDRPESERRIZB T, 29 LIEMBINICIFE
FANTEYNC R AL O BB DD, 128, K413
FRBREORRARITEE B LI ERETHY, EF
FIEATIC &L > TRIENOFIAE 3b)& » ©2< 742
2TWN5. . v

3.2 HEHEH

3:2-1 EHEE  KKPBIUMIKFIZRITS
B0 SN ERER 5 1R ARR LIz & 912, AZ61A

200 ;
- Magnesium alloy

= 180} Rotating bending
S 160L o® AZ6IA
2 ey AA AM60
b 1401 Ago Open: Laboratory air
o 120 C * Solid: Demineralized water
=2 - Am ©
Z 1001 AA ® oA
= L
g 80F - 5.
2 60} =g
o - : »
& 40 -

20 al " asaaaal " aal PR ATy

10* 10° 10° 10’ 108

Number of cycles to failure N¢

Fig.5 S-N diagram for bare or untreated specimens in
laboratory air and demineralized water
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Fig6 S-N diagram for anodized specimens in laboratory
air and demineralized water

Fig.7 SEM micrographs showing crack initiation from pores or crackings preexisted within films followed by
subsequent growth into base materials observed in longitudinal section in laboratory air: (a) AZ61A+Mg-Hard,

=130 MPa, (b) AM60+Mg-Light, =130 MPa

Fig8 SEM micrographs of fracture surfaces near crack initiation site in demineralized water: (a) corrosion pit,
AZ61A+Mg-Hard, 0=110 MPa, (b) corroded surface of base alloy, AM60+Mg-Light, =50 MPa
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