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Preparation and properties of soluble magnesium alloys
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ABSTRACT Based on the shortcomings of the traditional fracturing ball, the soluble magnesium alloy with excellent properties was
prepared by casting. This study investigated the effects of aluminum elements content on the microstructure, solubility, and mechanical
properties. The results reveal that the microstructure of soluble magnesium alloy comprises the following two phases: o-Mg and 3-Mg,,
Al,,. B-Mg,,Al,, increases with an increase in aluminum content and continuously distributes in the a-Mg grain boundary. In addition,
a-Mg becomes coarse. The soluble magnesium alloy could dissolve in the KCl solution, and the dissolution rate increases with an in-
crease in KCl concentration until the rate reaches a maximum at 3% (mass fraction) KCI; the rate subsequently decreases after reac-
hing this maximum. In addition, the dissolution rate increases with an increase in aluminum content until the dissolution rate reaches
7.42mg-h~"-em 2. The corrosion product of the soluble magnesium alloy is finer, and the median grain size is 38. 691 wm, which en-
sures a smooth discharge of products, and the corrosion products are Mg, Al,, and Mg(OH),. The compressive strength of the soluble
magnesium alloy could reach 430 MPa and the material breaks when the deformation reaches 3. 0% , which the plasticity of this material
reduces with increased aluminum content.
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Fig.1 Soluble magnesium alloy prepared by casting
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Table 1 Al element content and density of the soluble magnesium alloy

kg = Al B4 % W/ (grem ™)
Al-1 13.3 1.86
Al-2 17.9 1.94
Al-3 22.7 1.96
Al-4 25.6 2.01
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Fig.2 Microstructure of soluble magnesium alloy: (a) Al-1; (b)Al-2; (c) Al-3; (d) Al-4
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Fig.3 Phase analysis of Al-1 soluble magnesium alloy: (a) XRD patterns; (b) EDS
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Fig.4 Time-variation of residual mass of soluble magnesium alloy in

the 3% (‘mass fraction) of KCI solution at room temperature with dif-

ferent aluminum contents

R2 MRS BRI B0 3% 19 KCLIBR 72 h 197
Hgi g AR
Table 2 Average dissolution rate of samples in the 3% ('mass fraction)

KCI solution at room temperature for 72 h

XS W RHE%E/ (mg-h ™ sem™2)
Al-1 2.99
Al-2 3.16
Al-3 7.34
Al-4 7.42
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Fig.5 Morphology of soluble magnesium alloy before and after im-

mersion

S E KCL ¥ b 32 2 kA & R NG R E Ak 27
R (1) ~ (3) iR, Cl J&—Fl b LAY
JEMEE T Cl RCHER /N B EM R . R
VIR BB, WA PR GV i i R e | R Rl
F1H I kA 2 ALV R4 Mg(OH) , , LA AIAH
M — R, BERE T KCl 35 B A A 3L IR
B il I A S S DD 0 3, A P TR
Cl™ 5350 & 4 5 1 42 f 5 B0 i ol AR KL 86
SHE KCL KA 18 V5 At A4S IO fl F g o, A0 9
TRRETE S T 2 T B P T o 3 RS 3 P S 1
R R AT G e ) Mg (OHD) , 4 €1 HAy —
T BIBHEVEHT (H2 Mg( OH) , Z5H AR PR 47 1 FHAR
557, Biti 5 B LR [ () B G 3 M CL™ 37 B0 B 34 i
HEBHIR T BEAR IR, TNt 1864 4 14 s okt I
KFHOILARI R, B i)k AR A RS
Rt
TR,

FRB B 4 7 R
Mg—Mg”* +2e” (1)
A B2 g 14 5 R R
2H,0 +2e " —H, +20H" (2)
SR 7 RE
Mg +2H,0—Mg(OH), +H, (3)
12
—&— 0% KCI
10 —e— 0.5% KCI
—A— 1% KC1
m]\; 8r —v— 2% KCl
4+ \w\
2;
O 1 1 1 1 1 1

1 1
0 10 20 30 40 50 60 70 80 90
B[ /h
Bl6 PSS e AN IR BT 4350 KCL ¥R 80 4% o o Bl 1]
Y AE AL LA
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Table 3 Electrochemical data of soluble magnesium alloy

SRERE gy RIEEE,  PAWARR, BIARR/
(A-em™?) mV mV
Al-1 -1.2074 7.8719x107>  41.148 54.199
Al-2 -1.2603 5.8892x107°  58.311 75.183
Al-3 -1.2983 2.6679 x10~*  119.400 150. 210
Al-4 -1.3861 1.0488x10°> 112.850  142.680
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Fig.8 Nyquist plot of the soluble magnesium alloy
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Fig.9 Morphology after dissolving different time of soluble magnesium alloy immersed in the 3% (mass fraction) KCI solution: (a) 3h; (b) 6h;

(¢) 9h; (d) 12h
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Fig.10 XRD patterns of the corrosion product
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Fig.11 Particle-size distribution of the corrosion product
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Table 4 Mechanical properties of the soluble magnesium alloy

REERS RS4RI/ MPa E4EE/% T HBS
Al-1 378 11.7 93
Al-2 401 9.0 116
Al-3 379 3.1 128
Al-4 430 3.0 134

JIEUT L4 DT 1 DT 2 T2 5 P i 91 285 o e A
(1 R AT, JHC 28 S TR 1) 465 45 1 2% | 265 5 Wk T B 4L
I L S AR LB BT 1 R B, OB 3k B2
BASR, TE B 0 A, SRR T 1 O S S
WAL W LA by — AN HE 91 B 55 /N 5 4
I, JE AR I AERE. RURAREEZERY B-Mg,, Al , 2345
Fh AL | BT R AR R A B-Mg,, AL, §3¢
GUSUAR 75 50 T i T AL Y R T | a-Mg LA B-
Mg, AL, B4 ST L 07 g 4 v i A 24, BRI
FEFE AR R (HIB MR | R TR R

¥ ¢ . \

13 Al-1 ] & R AT T
Fig.13 Fracture morphology of the Al-1 soluble magnesium alloy
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