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Susceptibility to Stress Corrosion Cracking of AZ31B Magnesium Alloy by
Slow Strain-Rate Technique

by

Hitoshi Ucnia *, Masato Yamastrra ¥, Satoshi Hanaki * and Takahiko Nozaxr **

Due to advantages such as high strength-to-weight ratios, specific castability and recycling efficiency, magnesium
alloys are used in a wide variety of industrial applications. Stress corrosion cracking (SCC) tests of AZ31B magnesium
alloy in distilled water and 2 ~ 8wt% sodium chloride solutions at 298K were performed with slow strain-rate technique.
In a distilled water, the SCC of the magnesium alloy occurs surely and its susceptibility increases with a decrease of
strain-rate. This magnesium alloy in sodium chloride solutions is very susceptible to the SCC under open circuit condition,
regardless of the strain-rate and solution concentration. The SCC in 4wt% sodium chloride solution under potential-
controlled condition occurs near the corrosion potential, which lies to the potential range of hydrogen evolution.
Furthermore, the fracture surface is characterized by transgranular quasi-cleavage appearance. The evidence introduced
here supports a hydrogen embrittlement for the SCC of AZ31B magnesium alloy in sodium chloride solution, including
an anodic dissolution mechanism by chloride ion.
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Fig. 1 Shape and dimensions of tensile specimen (mm).
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Fig. 2 Schematic illustration of Slow strain-rate machine
used. 1: Motor, 2 : Gear, 3 : Gear box, 4 : Load cell, 5 :
Differential transformer, 6 : Thermo sensor, 7 :
Thermo regulator, 8 : Volt-slider, 9 : Heater, 10 : Test
specimen, 11 : Glass cell, 12 : X-Y recorder, 13 :
Amplifier, 14 : Potentiostat, 15 : X-t recorder, 16 :
Capillary, 17 : Test solution, 18 : Reference electrode.
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Fig. 3 Nominal stress-strain curves and corrosion
potentials obtained in various environments at 8.33 x

107s
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Fig. 4 Potentiodynamic polarization curves obtained in
various NaCl solutions.
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Fig. 5 Nominal stress-strain curves and current
densities obtained in 4wt% NaCl solution at 8.33 x
10-%s7! and various potentials.
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Fig. 6 Effect of NaCl concentration on SCC susceptibility
index, as a function of strain-rate.
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Fig. 7 Effect of strain-rate on SCC susceptibility index,
as a function of NaCl concentration.
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Fig. 8 Potential dependance of SCC susceptibility
index obtained in 4wt% NaCl solution at 8.33 x 10%s1.

ERBRIZE TR & M EA R Z IR T L, fill s
PR SN B OOFLAREN RN LBNIRE S A 5.
FD K512, 7Y — FEMO-1.6V TIIfLE LML

L72SCC AEL BDITR LT, —1.7V Tidihic bR
5 5ER & U E O T 23D 2 <, HEMEBET ORRIH 4 2
L7 (Fig.5&M).

U EDZEnS, AZ3IB V2 3 ¥ 54540 SCC H
A OB, NaCl iSRRI IZ § IKTF 3 5 ANRT-1.7 ~
“15VOHEETH Y, ThE D &R aBA IR
A, BB TCIILERE N T Z BRI
580LEIOND,

3-3 WEEHE

SCC iRBat%, RERF & 74 b v CHSIES:,
L CZ DRSS 217 > 72,

Fig. 9 (2B 1.67 x 107071, #8817k % LU 4wt%NaCl
B TR 6 7z SCC B RED — il 274, &Rk
ok, KEREMICEW i~ 3Ly L9204
498 10238 6 B AU 2 ffE\ & BRAR O K N 1 38
Bigechs, —J, NaCligih Cidakbe Zimic L&
DRENRD O, Zhafm e Lz SCCHmIZ 3SR
A (F5r Mg(OH)2) % - 7= E Rk DK A

Fig. 9 Scanning electron micrographs showing fracture
surfaces in (a, b) distilled water and (c, d) 4wt% NaCl
solution at 1.67 x 107%s7%. (a, ¢) Macroscopic view. (b)
Magnified view of A. (d) Magnified view of B.
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Fig. 10 Changes of tensile strength and fracture strain
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Fig. 11 Nominal stress-strain curve obtained in 4wt%
NaCl solution at 8.33 x 10%s™! when cathodically
polarized to —200mV from corrosion potential until
fractured after strained by about 2%.
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Fig. 12 Nominal stress-strain curves obtained in 4wt%
NaCl solution at 8.33 x 105!
polarized to —200mV from corrosion potential for
600s, 3ks and 6ks (Test 1, 2 and 3, respectively)
after strained by about 2%.
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Fig. 13 Specimen surface obtained in 4wt% NaCl
solution at 8.33 x 10%s™! when cathodically polarized
—200mV from corrosion potential for 10min after
strained by about 2% (Test 1).
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Fig. 14 Schematic illustration showing the mechanism
of hydrogen embrittlement in magnesium alloy.
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