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Experimental research on degradation performance of magnesium alloy
affected by mechanical environment,
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Abstract.Objective To research the mechanical properties of magnesium alloy degradation affected by mechanical
environment. Methods: After being divided into 4 groups randomly such as No.1, 2, 3and 4,12 AZ31 magnesium
alloy screws need suspending in the vessels containing 35ml simulated body fluid . No.1 was control group. Group 1
was under no load condition, experimental group 2, 3, and 4 were discontinuously applied fixed axial compression
load of 30N, 60N, 90N respectively on time. The weight loss of magnesium alloy screws and the amount of gas
generated were measured regularly. Results: From the cumulative amount of hydrogen production, group 1 and group
4 were relatively large, whereas group 2 and group 3 were relatively small. From the weight loss of magnesium alloy
screws, group 3 > group 4 > group 2 > group 1. Conclusions: The general trend is the greater the load, the faster the
degradation.
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obvious advantages in the treatment of fracture and bone
defect. First of all, magnesium alloy has good biological
compatibility and biodegradability, and rigidity and
intensity are higher than traditional implantable metal

1 Introduction

materials.
With

the

development

of

material

science

and

biomedicine, it is hoped that the biological material
embedded in the body plays just a temporary replaced
role, and with the regeneration of tissue or organs, it was
gradually degraded and absorbed by the body, in order to
minimize the long-term effects of materials on the body.
Because biodegradable material is easy to decompose in
organism, its product can metabolize and finally expel
from body, which is non-toxic side effects to the body, so
it attracts more and more attention [1]. Magnesium alloy,

The

elastic

modulus

(41-45Gpa)

and

compressive yield strength of magnesium alloy are closer
to those of natural bone (3-20Gpa). Stress conduction
character is matched with bone tissue, which can avoid
the "stress shielding effect" effectively [2]. Moreover,
degrading appropriate amount of magnesium ions can
promote osteoblast proliferating and differentiating with
biological activity[3].Secondly, patients needn’t second
operation after recovery, which not only reduces cost, but
also avoids another injury. But comparing with
cobalt-chrome

alloy

and

other

metal

materials,

a kind of implant materials with great potential, has
a
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mechanical properties of magnesium alloy is slightly low,
but corrosion rate is too high. Insufficient carrying

2 The selection of experimental material
and experimental method

capacity and high degradation rate will cause the failure
of implant materials, and affect magnesium alloy

2.1 Experimental material

biological materials applied in the field of clinical
Select 12 AZ31 magnesium alloy material screws

medicine[4] .With the development of metallurgical
technology and material science, the new developed
magnesium alloy extends the degradation time, and still
keep good biocompatibility and mechanical properties,

with 3.5mm diameter, 4 syringes (60ml, used as a unified
specification container), a number of simulated body
fluid nutrient solution, color string.

which attracts all walks of life both domestic and
overseas, and becomes one of research emphases and

2.2 Experimental method

hotspots in the field of biomedical materials[5]. This

(1)Control group as shown in Figuer.1: in no load

experiment

degradation

state,No.1 syringe was injected with 35ml simulated

performance of AZ31 magnesium alloy affected by

body fluid ,immersed in which were 3 screws hanged by

mechanical environment, and provide theoretical support

color string.

focuses

on

researching

on clinical application of magnesium alloy bone material.

(2) Prepare

for

experimental

group 2, 3, and

After the biological degradation, the entire strength of

4: syringes were injected with 35ml simulated body fluid

magnesium alloy bone internal fixation material will

respectively, 9 screws (numbered 4, 5, 6, 7, 8, 9, 10, 11,

decline. But it is essential to ensure the strength for bone

and 12 randomly) were placed in No.2, No.3, and no.4

healing after the decline. Therefore, it is of great

syringe with simulated body fluid averagely hanged by

importance to study what the effects of magnesium alloy

the color string. No.2 syringe

degradation factors on the degradation of magnesium

compression 30N by the electronic universal testing

alloys

on

machine (pressure 0.04MPa) as Figuer.1, No.3 syringe

magnesium alloy degradation [6.7]. In the treatment

60N (pressure 0.08MPa), and No.4 syringe 90N (pressure

process of fracture and bone defect, bone fixation

0.12MPa) before each of them being loaded for 1 hour, 2

material is in a complex mechanical environment, so it is

times a day as the experiment group.

are.

Mechanical

environment

impacts

was loaded the axial

more important to study the degradation of magnesium

Put four groups of specimens at 37 °C constant

alloy in a complex mechanical environment. Magnesium

temperature box in addition to the loading time.

alloy electrochemical reaction produce hydrogen and

According to the normal human activity rules, gas

Mg2+ in the process of degradation [8,-10], it can reflect

generated was measured regularly, and weighing

the degree of degradation of magnesium alloys by

regularly using high precision balance (accuracy: 0.0001

measuring hydrogen volume and magnesium alloy weight

g) to confirm the weight of degradation. After the

loss. This study selected magnesium alloy screws

experiment, the specimens were rinsed with clean water,

manufactured of AZ31 magnesium alloy with good

and the morphology of magnesium alloy screws after

comprehensive performance, by measuring produce

degradation

hydrogen volume and weight loss of magnesium alloy

microscope (magnification ratio were 25 times, 100 times

screws in the same volume of the simulated body fluid in

and 500 times). The hydrogen production quantity,

different mechanical environments, magnesium alloy

weight

materials degradation law in different mechanical

quantitatively, and the laws of magnesium alloy

environments was analyzed qualitatively, and provide

degradation affected by mechanical environment were

theoretical support for the clinical application of

found out.

magnesium alloy bone.
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loss

was

and

observed

other

by

scanning

indicators

were

electron

analyzed
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Figure.4 Each quality loss of mg alloy screws quality loss
Figure.1 Electronic universal testing machine and figure of four

with time diagram

groups Specimens

3 Experimental results
The experiment results are shown in figure 2 and figure 3.
By comparing the experimental group 2, 3, 4 and control
group 1, it is found that from the cumulative hydrogen
production, the control group 1 and experimental group 4
hydrogen production amount were relatively large, the
experimental group 2 and experimental group 3 were
relatively small; from magnesium alloy screws weight
loss are shown in figure 4 and figure5.experimental group
3> experimental group 4> experimental group 2> control
group 1, The degradation rate of magnesium alloy with
the increase of the load is nonlinear. The degradation rate
of magnesium alloy was different with different axial
load. The trend was the larger the load , the faster

Figure.5 Each group quality loss of mg alloy screws with

time diagram
Magnesium alloy degradation in vivo and in vitro is also
called corrosion. The most common corrosion of
magnesium alloys in simulated body fluid is galvanic
corrosion,

pitting,

corrosion

fatigue,

and

erosion

corrosion [9]. Observed by the scanning electron
microscopy after the experiment was Magnesium alloy
surface morphology which was enlarged 25 times as
shown respectively in a,b,c,d ,Figuer.6,enlarged 100

egradation
n.
degradation.

times as shown in e,f,g,h, Figuer.7,experimental group 2,
3, 4 and the screws without degradation, what was found
is that corrosion of the experimental group was more
obvious than the control group. The corrosion of control
group was relatively homogeneous.

Figure.2 Each experimental group accumulative total

(a) Group1

production quantity with time diagram

(b) Group2

(c) Group3

(d) Group4

Figure.6 Magnesium alloy screws enlarged 25 times by the
scanning electron microscopy

(e) Group1

(f) Group2

(g) Group3

(h) Group4

Figure.7 Magnesium alloy screws enlarged 100 times by

the scanning electron microscopy
Through this experiment was mainly research

Figure.3 Each experimental group after the replacement of

simulated body fluid nutrient solution Producing
hydrogen capacity with time diagram

magnesium alloy degradation affected by mechanical
environment qualitatively, so what could be drawn is that

01006-p.3
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the mechanical environment has influence on degradation

a foundation for the further study of biodegradable

rate of magnesium alloy, magnesium alloy degradation

magnesium alloy.

rate is associated with the pressure of environment.
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4 Discussions

(11172208,11372221)

Fractures repaired by magnesium alloy can reduce stress
shelter effect in the late period of fracture healing, but the
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