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Applicability of the diffusion bonding was examined in a superplastic magnesium alloy, AZ31, on two different grain sizes of 28 and
11 um. In order to investigate the superplastic behavior, the tensile test was carried out at the strain rates from 10~ to 102 s~ at elevated
temperatures. These materials showed a superplastic behavior at 673 K. The diffusion bonding tests were carried out in the superplastic region,
which is the pressure range from 2 to 10 MPa and for the times up to 10 h at 673 K in air. The post-bonded mechanical properties were estimated
by the compression lap shear test in order to determine the optimal diffusion bonding conditions. The diffusion bonded specimens exhibited
more than 0.8 of parent material strength at several conditions for both materials. The bonding time on fine grained AZ31 could achieve much
faster than that on coarse grained AZ31. Using this result, the comparison was carried out experimental results and previous theoretical diffusion
bonding models. Many researchers constructed the theoretical models based on the void growth mechanism, diffusional controlled process, to
predict its optimal bonding time and pressure. However, the previous modes were not agreement with experimental result. It was resulted from
the previous models include only diffusional controlled process. Therefore, in this study, we developed new theoretical diffusion bonding model
both diffusional and plastic controlled processes. From the comparison, this model was good agreement with experimental. Using the theoretical
diffusion bonding model and experimental results, the prediction map for high quality diffusion bonding of the superplastic magnesium alloys

was suggested.
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1. Introduction

Magnesium alloys are attracting great attention as the
ecological point of view, since magnesium alloys are the
lightest of all structural alloys. Furthermore, magnesium
alloys have several good characteristics: high specific
strength and stiffness, superior damping capacity, high
thermal conductivity, high dimensional stability, good
electromagnetic shielding characteristics and good machin-
ability."” Despite these advantages, magnesium normally
exhibits limited ductility because of hcp structure. Therefore,
most magnesium products have been fabricated by casting, in
particular, die casting. These technologies enable mass
production of small components such as mobile phones,
note book computer cases, and automotive components for
instrument panels.z) However, in general, wrought magne-
sium alloys can be seen to have a higher strength and ductility
than cast magnesium alloys. This primarily results from the
fact that the grain size of wrought magnesium alloys is
normally finer than that of cast magnesium alloys.” In order
to exploit the benefits of magnesium alloys, it is important to
develop the secondary process, which can effectively
produce complex engineering components directly from the
wrought products. Superplastic forming is generally a viable
technique to fabricate hard-to-form materials into complex
shapes. Superplastic forming (SPF) is often combined with
the diffusion bonding (DB) in the manufacture.”’ The
concurrent application of SPF and DB (SPF/DB) has been
recognized as a novel manufacturing technology that can
result in both cost reduction and weight saving compared
with the conventional manufacturing method.>®

*Graduate Student, Osaka Prefecture University.

Diffusion bonding is one of the joining techniques, and is a
solid state joining process in which two clean metallic
surfaces are brought into contact at elevated temperature,
<0.7T,,, under a low pressure, where T,, is the absolute
melting point of the material. There are several advantages in
the diffusion bonding: low distortion, without fusion process,
post weld joining, large joining area, dissimilar material
bonding and so on.”® In addition, there is the possibility of
combining SPF/DB to manufacture complex sheet structures
with reduced weight and fabrication costs compared with
mechanically fastened structure. Therefore, superplastic
titanium alloys have been widely used to SPF/DB in
aerospace industry.”'” Despite these advantages, there are
still several factors relating to diffusion bonding quality. In
order to produce sound joining, it is important to examine the
diffusion bonding conditions such as pressure, time and
temperature. In the previous investigations, these external
factors have been obtained using superplastic titanium
alloys,”"® superplastic aluminum alloys,'>~'* superplastic
magnesium alloys'®'” and superplastic steels.'®'® How-
ever, it is not always the case that the only external factors
such as pressure and temperature would affect diffusion
bonding quality. In general, the superplastic high temperature
deformation mechanism has grain size dependence in the
tensile state. It is considered that the affection of structural
factors might also exist in case of diffusion bonding.

In the present study, the superplastic behavior of com-
mercial wrought AZ31 magnesium alloy sheets was exam-
ined. The possibility to joint them by using diffusion bonding
technique was demonstrated. Diffusion bonding tests were
carried out in the wide range of bonding pressures and time to
obtain its optimal conditions, in particular, the effect of the
grain size on the diffusion bonding was evaluated. In
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addition, the relationship between the bonding time and the
grain size to form high quality diffusion bonding was
clarified at several superplastic conditions.

2. Experimental Procedures

The material used in the present study was a sheet of Mg—
Al-Zn alloy, AZ31, since which was one of the most popular
wrought magnesium alloys. Two materials with different
grain sizes were prepared. The typical optical microstructures
after annealing at 673 K for 1.8 ks are shown in Fig. 1; (a)
fine-grained and (b) coarse-grained materials. The measured
grain sizes were 11 um and 28 um. The average grain sizes, d,
were calculated using the equation, d = 1.74L, where L is the
linear intercept size.

In order to investigate the superplastic behavior, the strain
rate change tests were carried out at strain rate ranging from
10~*to 1072 s~! at temperatures of 473, 573 and 673 K in air.
Tensile specimens were machined from the annealed sheet at
673K for 1.8ks. They had a gauge length of 18 mm and a
width of 6 mm, respectively. The specimens for the diffusion
bonding were also cut directly from the annealed sheet with a
length of 30 mm and a width of 20 mm, respectively. Before
diffusion bonding, the bonded surfaces were blasted by using
20 um diameter alumina particle in order to supply the
rugged surface. It has been reported that this technique is

(b)

Fig. 1 The typical microstructure for (a) fine-grained AZ31 and (b) coarse-
grained AZ31. The specimen was annealed at 673 K for 1.8 ks.

Table 1 Roughness dimensions of as-received and grit blasting treated
surfaces.
as-received grit blasted
7//um r/um
fine grained AZ31 1.7 254
coarse grained AZ31 2.8 24.5

effective to remove the surface oxides and obtains higher
quality in diffusion bonding.”'**” The surface roughnesses
of as-received and grit blasted materials are listed in Table 1.
It was clearly found that these surface roughnesses were
nearly equal to the particle size used for grit blasting
treatment. After the specimens were cleaned in ethanol using
ultrasonic vibration cleaner, the diffusion bonding tests were
carried out at the bonding pressure ranging from 2.0 to
10 MPa at temperature of 673 K. The bonding time was up to
10h in air.

Diffusion bonding quality was assessed by the compres-
sive lap shear tests, because the specimens having different
diffusion bonding conditions would have different mechan-
ical properties. The compressive lap shear tests were carried
out at cross-head speed of 5 mm/min at room temperature.
The shear fracture strengths of the bonds were assessed by
comparison with experimentally measured value for the
parent metal, i.e. 7,/T,, where 7, and 7, are the compression
lap shear strength of the bond and the compression lap shear
strength of the parent metal, respectively. Each of lap shear
strengths was calculated by using follow equation.

Tp» To = Pmax /(L x 20) ey

where P, 1s the maximum load value and L is the diameter
to be obtained Py,y. Each of parent metal strengths, 7,, was
89.1 (fine-grained) and 85.1 MPa (coarse-grained), respec-
tively.

3. Results and Discussion

3.1 Superplastic behavior

It is known that the high strain rate sensitivity of flow stress
is one of the important characteristics for superplastic
deformation. In order to characterize the effect of strain rate
of plastic flow behavior, the variation in flow stress as a
function of strain rate was plotted in Fig. 2. It indicated that
the flow stress increased with the strain rate. The strain rate
sensitivity exponent, m, was estimated from the slope of the
curve. It was found that m-value was in the low strain rate
range increased with temperature. The m-value was calcu-
lated to be 0.5 for both fine-grained and coarse-grained
materials in the low strain rate range at the temperature of
673 K. This high m-value of 0.5 suggested that grain
boundary sliding could be a dominant deformation pro-
cess.”"?® From tensile results, it was found that the present
used materials behaved in the superplastic manner at the
temperature of 673 K.

The constitutive equation for the present materials in the
superplastic region was also considered, because strain rate
of the matrix, &, influences the diffusion bonding behavior as
shown later. The constitutive equation to describe the
superplastic flow can be generally expressed as,””
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Fig. 2 Variation in flow stress as a function of strain rate at temperature of
673K for (a) coarse-grained AZ31 and (b) fine-grained AZ31.
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where ¢ is the strain rate of the matrix, A is a constant, k is the
Boltzmann’s constant, T is the temperature, G is the shear
modulus, b is the Burgers vector, d is the grain size, o is the
flow stress, oy is the threshold stress, n is the stress exponent
(n = 1/m: m is the strain rate sensitivity exponent), p is the
grain size exponent and D is the diffusion coefficient. Sherby
and Wadsworth suggested an effective diffusion coefficient,
D.g;, for the analysis of superplastic flow. The effective
diffusion coefficient was described by the combination of
grain boundary diffusion coefficient, Dgp, and lattice diffu-
sion coefficient, Dy, as follows: >+

T
Dets = D, +x (E) 0Dy, 3)

where § is the grain boundary with approximated as 26 and x
is an unknown constant. Recently, Watanabe et al. 262D have
proposed that the term x is estimated to be 1.7 x 107> for
superplasticity in magnesium alloys.

The relationship between (&/Degr)(KT /Gb)(d/ b)? and (0 —
00)/G for the present materials was shown in Fig. 3, where
Deyr is taken to be [Dy + (1.7 x 1072)(8/d)Dgy]. It also
included the data for superplastic behavior in magnesium
alloys.16’27_33) The superplastic behavior in the present
materials was represented by a single straight line with a
slope of 2, which means the strain rate sensitivity exponent
m = 2, in the normalized plotted. In addition, it was clearly
observed that two AZ31 alloys used in this study behaved
identically to other superplastic magnesium alloys. There-
fore, superplastic constitutive equation in magnesium alloys
was given as the following equation,
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Fig. 3 The relationship between (&/De)(KT /Gb)(d/b)? and (o — 60)/G
for AZ31 in the superplastic region. The figure also includes the data for
superplastic behavior in magnesium alloys.16’27’33)
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3.2 Diffusion bonding

The typical appearance of the diffusion bonded specimens
were shown in Fig. 4 for (a) 3h and (b) 1h at the bonding
pressure of SMPa on coarse-grained material. From the
outside of the diffusion bonded specimen, it was very difficult
to evaluate whether the diffusion bonding quality was good
or not.

Using eq. (1), the results of all compressive lap shear tests
after diffusion bonding test were listed in Table 2; (a) fine-

Fig. 4 Typical diffusion bonded specimen at a temperature of 673 K for
(a) 3h and (b) 1 h at 5MPa on coarse-grained material.
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Table 2 Summary of lap shear tests of diffusion bonding specimens for (a)
fine-grained AZ31 and (b) coarse-grained AZ31. NA; The strength was not
determined because of the specimens peeled away as soon as compression
lap shear tests begin.

(a)

Bonding condition

Lap shear strength,

T/ Tp (%)
Pressure, PAMPa  Time, t/h /MPa
1.0 NA NA
20 2.0 60.1 65.5 60.7 0.69
3.0 64.8 66.3 63.3 0.72
5.0 70.9 70.2 76.3 0.84
0.5 NA NA
3.0 1.0 71.2 72.5 64.2 0.77
2.0 81.9 81.4 85.1 0.92
50 0.5 60.0 56.4 72.6 0.70
1.0 74.8 70.5 84.2 0.85
7.0 0.5 72.0 73.1 73.6 0.81
(b)
Bonding condition Lap shear strength,
T/ Tp (%)
Pressure, P/MPa  Time, t/h w/MPa
3.0 NA NA
3.0 5.0 60.4 62.5 61.5 0.72
10 80.5 75.3 56.8 0.83
1.0 NA NA
5.0 2.0 58.0 56.7 51.8 0.65
3.0 74.9 74.5 81.1 0.90
0.5 NA NA
7.0 1.0 59.2 54.2 55.7 0.66
2.0 77.9 70.6 74.3 0.87
" 0.5 NA NA
1.0 63.8 65.5 75.6 0.81

grained material and (b) coarse-grained material. The
maximum ratio of lap shear strength, 7,/7,, were 0.90
(coarse-grained) and 0.92 (fine-grained). These conditions
were obtained at a bonding pressure of 5 MPa for 3 h (coarse-
grained) and 3 MPa for 2 h (fine-grained), respectively. The
bonding strength depended on the pressure and time, that is, it
increased as bonding time and pressure increase. It was
suggested that diffusion bonding could be performed under
the conditions, which were obtained superplastic behavior, in
employing wrought magnesium alloys.

On the other hand, when the ratio of lap shear strength,
Ty/Tp, Was less than 0.6, the specimens peeled away as soon
as the measurement of compression lap shear tests began. It
was considered that diffusion bonding strength was very poor
under the condition of 1,/7, < 0.6. In this case, it would be
required more bonding times and pressures to attain high
quality in diffuison bonding.

3.3 Comparison experimental result with conventional
diffusion bonding model
There are many factors such as temperature, pressure and
time affecting in high quality diffusion bonding. In case of
the application of SPF and DB, the bonding temperature
could be taken in the superplastic temperature range.
However, it has been very difficult to obtain its optimal

(a) Void growth: under tensile stress

Tensnleﬁ l ﬁ lCompressnve

Gram

o Void radlus

Original void radlus ( Surface roughness)

(Void closure radius) @ T

( (b) Diffusion bonding: under compressive stress )

Fig. 5 The schematic illustration of (a) void growth and (b) diffusion
bonding.

bonding pressure and time in experimental. Therefore, it is
necessary to develop the theoretical diffusion bonding model
to predict these optimal conditions, such as pressure and time.
To date, a number of theoretical models have been developed
to achieve them.**=” All existing models on diffusion
bonding considered the interfacial void shrinkage. Some void
shrinkage models were developed from powder sintering
models.>® The others models were derived from void growth
model under tensile creep treating void shrinkage as negative
void growth.>>>” Since many researchers have investigated
void growth mechanisms of superplastic materials,*®*® they
were applied to the theoretical diffusion bonding models. The
illustration of the relationship between void growth mechan-
ism and diffusion bonding was shown in Fig. 5; (a) void
growth (right-hand arrow) and (b) diffusion bonding (left-
hand arrow). In general, the void would grow under tensile
stress at elevated temperatures. This process was schemati-
cally illustrated in Fig. 5(a) as a right-hand arrow. However,
under the compressive stress as in the diffusion bonding, the
void would vanish as indicated by left-hand arrow in Fig.
5(b).

There are two models for void growth; one is plastic
controlled process and the other is diffusional controlled
process.” 4D If the void growth is plastic controlled
process, the rate of change in void radius with strain is given

by
dr 3
e/, 3 20

where r is the void radius, y is the surface energy and 7 is the
void growth rate parameter. It is reported that the parameter,
n, is dependent on both the deformation mechanism of the
matrix and the geometry of tensile deformation.*? If the void
growth is diffusional controlled process, the rate of change in
the void radius with strain can be expressed as’’ "

dr B 2Q8Dgy, l 1 _2l
<d8>diff_ < kT ><r2> (écreep> (G r ) ©

where €2 is the atomic volume, & is the grain boundary width,
Dy, is the coefficient for grain boundary diffusion, and &creep
is the power law equation, which is eq. (2) and typical
deformation behavior of the matrix.

The variation in void growth rate, dr/de, as a function of
void radius was shown in Fig. 6. The predicted void growth
behavior was given by the shaded curve in Fig. 6. In Fig. 6,
ro is the closure void radius, 7' is the void radius after
straining, . is the intersection radius of diffusional controlled
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Fig. 6 The relationship between the void growth rate, dr/de, and void
radius by plasticity- and diffusional-controlled processes.

process and plastic controlled process. The approximate
value of the intersection radius, r., is obtained by equating
egs. (5) and (6).
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It is reported that the faster void growth process is
dominant under the tensile stress.*® The void grows up to r,
by diffusional controlled process, and thereafter by plastic
controlled process with strain. However, during diffusion
bonding, the void shrinkage proceeds in the opposite
direction compared with void growth process. In case of
diffusion bonding, the void radius, 7/, corresponds to the
surface roughness. In general, the surface is blasted or
polished in order to enhance the bonding quality before
diffusion bonding.''~'*'%:203% Therefore, it is supposed that
these treatments bring about rugged surface equal to the
value of /. From Fig. 6, it is well noted that the void
vanishes by plastic controlled process up to r., and thereafter
by diffusional controlled process to ry. Even if the treated
surface roughness is less than the intersection radius, ' < re,
the void shrinkage proceeds only by diffusional controlled
process.

The relationship between treated surface roughness and
intersection radius was shown in Fig. 7 by using eq. (7) and
superplastic titanium alloys”®'""'* and superplastic alumi-
num alloys.'>?**® The necessary factors to calculate were
listed in Table 3.***> This figure also included the data for
superplastic AZ31 magnesium alloys.'” In previous diffu-
sion bonding using superplastic titanium alloys and super-

(N

H. Somekawa, H. Watanabe and K. Higashi

410° ; ; ; ; . ’ 7
X Ti-6Al4v 1D +
SFE TicAL4v D
3510° F O Ti-6Al-4VY) y
. A Ti-6A1-4\4737)) +
Y AATATS <
o 3107 F@ o AA7a75 1) "o 1
- X AA606120) P>,
B s
5 25107 F ]
<
=4
-5
g 2107} aX + ]
g=!
7 X
£ 15 wE v O .
e 4 +
2 § 7
SIS B+ ]
—+ PureMg17) +
5106 f© Az31!® ]
Q  This study (d = 11pum) $
[0 This study (d = 28um)
1 1 L L 1 L

510° 110° 1.510° 2107 2510° 310° 3.510° 4107

Surface Roughness, » /m
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plastic aluminum alloys, it was found that the value of
surface roughness, r/, was smaller than the value of
intersection radius, r.. Therefore, the previous diffusion
bonding models were developed by considering only diffu-
sional controlled process as a void shrinkage mechanism. In
order to compare these theoretical model with experimental
results, many researchers tested diffusion bonding in experi-
mental. It was reported that the experimental bonding times
were agreed with prediction analysis for these superplastic
materials.”'''® However, the comparison of experimental
result by using superplastic magnesium alloys and the
previous theoretical models took place in previous report.'®
The values of previous diffusion bonding models were not in
good agreement with experimental results, that is to say,
theoretical values were larger than experimental values. This
disagreement resulted from that not only the diffusional
controlled process but also the different void shrinkage
process, which is plastic controlled process, would occur.'®
From Fig. 7, it was apparent that the surface roughness was
larger than the intersection radius at superplastic magnesium
alloys. In case of high depression resistance materials such as
magnesium,? it is difficult not only to bring a fine surface
roughness but also to apply to previous diffusion bonding
models.

44,45)

Table 3 Parameters to obtain high quality diffusion bonding conditions.

Mg Al Ti
Atomic volume, £/m? 233 x 10728 1.66 x 107 1.76 x 1072
Burger’s vector, b/m 3.21 x 10710 2.86 x 10710 2,95 x 10710
Surface energy, y/Jm—>2 5.6 x 107! 9.0 x 107! o
Grain boundary width, §/m 6.42 x 10710 5.72 x 10710 5.90 x 10710
Grain boundary diffusion, Dgy/m?s~! 7.8 x 1073 exp(—Q/RT) 8.7 x 1073 exp(—Q/RT) 6.1 x 1077 exp(—Q/RT)
Activation energy, Q/kJmol™! 92 84 97
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3.4 New theoretical diffusion bonding model and its
application to predict bonding conditions

Based on the above analyses, it is apparent that the
diffusion bonding model should include two void shrinkage
processes of both diffusional controlled process and plastic
controlled process in order to estimate the optimal diffusion
bonding conditions. It is suggested that the optimal diffusion
bonding time, ¢, to obtain high quality joining is correspond-
ing to the void closure time, where ' becomes ry. Equations
(5) and (6) would be rewritten as functions of void radius and

kT
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the time:
d 'cree 3
<_r> _ Mereep <r — _7/) (8)
dt pl 3 20
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d 2Q8D. 1 2
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The optimal diffusion bonding time, ¢, is the sum of integral
of egs. (8) and (9):

/
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dr ) g \dt /) J
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d
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The integral limits are » = v’ at t = 0 and r = ry when the void closure. Depending on the surface roughness and intersection

radius following two equations can be obtained.
2

1 3 3 4 2 2 |j/

Ly = 7298ng0 |:—3 (rC - ro) + —G (rc - ro) + —02 (rc
kT 1 3 3 Y 5 5 4y2

le<r = 7293 ngo- |:_3 (”c - ro) + —(i’c - ro) + _2(7'0

By using eqs. (4) and (7), in order to estimate the
theoretical diffusion bonding model whether eq. (11) or eq.
(12), the variation at applied stress as a function of the
intersection radius at the temperature of 673 K was shown in
Fig. 8 for (a) fine-grained material and (b) coarse-grained
material. The necessary factors to calculate the relationship
were listed in Table 3.***> From Fig. 8, it is found that the
intersection radius depends on applied stress and grain size;
intersection radius decreases as increased applied stress
increases and/or refined grain size. When the treated surface
roughness is smaller than the intersection radius, the void
shrinkage process is only diffusional controlled (Region I).
Therefore, the diffusion bonding time, #, to obtain optimal
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Fig. 8 The variation at applied stress as a function of the intersection radius
at temperature of 673K in superplastic AZ31 magnesium alloys for
(a) fine-grained material and (b) coarse-grained material.
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diffusion bonding conditions could be used in only diffu-
sional controlled process in eq. (11) as well as conventional
models. However, when the treated surface roughness is
larger than the intersection radius, the void shrinkage is both
diffusional controlled process and plastic controlled process
(Region II). Therefore, new theoretical diffusion bonding,
equation is expressed as eq. (12) including both diffusional
controlled process and plasticity controlled process. In this
study, since all testing conditions exist in Region II, eq. (12)
is used in order to calculate optimal diffusion bonding
condition.

The experimental bonding time to obtain high values in lap
shear strength in our study was compared with those of
prediction analysis by present diffusion bonding model. The
variation in bonding time as a function of applied stress
predicted from eqs. (4) and (12) was shown in Fig. 9 for (a)
fine-grained material and (b) coarse-grained material. The
symbols of (O, A and x in Fig. 9 showed 7,/7, > 0.80,
0.80 > 7,/7p, > 0.60 and /7, < 0.60, respectively. It was
easy to predict the bonding time to obtain high quality
joining. The bonding time also depended on the bonding
pressure. The experimental bonding time corresponded to the
results by the prediction analysis in considering both
diffusional controlled process and plastic controlled process.
By comparison with Fig. 9, the material with fine grained
could be achieved optimal condition, 0.8 > 7,/7,, much
faster than that with coarse grained at a constant bonding
pressure. This is due to the superplastic behavior depending
on the grain size. Since these testing conditions could be
obtained superplastic behavior, the grain boundary sliding
would be occurred in case of diffusion bonding as well as
superplasticity.

Figure 9 also included the prediction bonding time by
Chen-Argon® and Pilling-Ridely models.*® The compar-
isons among the present diffusion bonding model, Chen-
Argon model and Pilling-Ridely model showed that the
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grained material. The solid line is present model, and the dish line are
previous models. O: 7,/7, > 0.8, A: 0.8 > 1,/7p, > 0.6, x: 0.6 < 13/7p.

prediction bonding times by present model were shorter than
that of both prediction analyses. This is because the previous
diffusion bonding models do not include the plastic con-
trolled process. The void growth/vanish rate in plastic
controlled process is faster than that in the diffusional flow
process. In case of large treated surface roughness, it is
important to discuss the relationship between treated surface
roughness and intersection radius by using eq. (7). On the
other hand, in the comparison with between treated surface
roughness and intersection radius, new theoretical diffusion
bonding model could predict the optimal diffusion bonding
condition in case of large surface roughness on not only
magnesium alloys but also other materials such as titanium,
aluminum, iron alloys. Therefore, it is proposed that new
diffusion bonding model could be applicable for the wider
surface-finished conditions on materials.

In order to describe the effect of grain size more distinct,
the variation in bonding time as a function of grain size was
shown in Fig. 10 at several bonding pressures. From Fig. 10,
it is found that the optimal bonding time decreases with grain
refinement. Therefore, in order to obtain bonding time
reduction, it is important to develop fine-grained materials.
Figure 10 is the prediction map for high-quality diffusion
bonding on superplastic magnesium alloys.

4. Summary

The superplastic characteristic and diffusion bonding
behavior was investigated in commercial wrought AZ31
magnesium alloy having grain sizes with two different of 11
and 28 um. The following results were obtained.
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Fig. 10 The prediction map in high quality diffusion bonding on super-
plastic magnesium alloys by using theoretical analysis.

(1) From strain rate change tests, both materials behaved in
a superplastic manner in the low strain rate range at the
temperature of 673 K.

(2) The constitutive for superplastic flow equation was
developed form the normalized plotted. Both materials
were in good agreement with other superplastic
magnesium alloys.

(3) From the diffusion bonding tests at 673K, several
optimal conditions were obtained. The maximum ratio
of lap shear strength was 0.90 (coarse-grained material)
and 0.92 (fine-grained material) at a bonding pressure
of 5 and 3MPa, with bonding time of 3 and 2h,
respectively.

(4) We suggested the diffusion bonding model including
both diffusional controlled process and plastic con-
trolled process. Theoretical prediction for attaining
good bonding condition was in good agreement with
experimental results.

(5) The material with fine grained AZ31 could be achieved
optimal diffusion bonding conditions much faster than
that with coarse grained AZ31. This was related to the
fact that the superplastic behavior was grain size
dependent phenomena.

(6) Using the theoretical diffusion bonding model and
experimental results, the prediction map for high
quality diffusion bonding on superplastic magnesium
alloys clarified.
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