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Optimizing Diffusion Bonding Parameters in AA6061-T6
Aluminum and AZ80 Magnesium Alloy Dissimilar Joints
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The main difficulty when joining magnesium (Mg) and aluminum (Al) alloys by fusion welding lies in the
formation of oxide films and brittle intermetallic in the bond region which affects the integrity of the joints.
However, diffusion bonding is a suitable process to join these two materials as no such characteristic defects
are produced at the joints. The diffusion bonding process parameters such as bonding temperature,
bonding pressure, holding time, and surface roughness of the specimen play a major role in determining the
joint strength. In this investigation, an attempt was made to develop empirical relationships to predict
the strengths of diffusion bonded AZ80 magnesium and AA6061 aluminum alloys dissimilar joints from the
process parameters based on central composite factorial design. Response surface methodology was applied
to optimize the process parameters to attain the maximum shear strength and bonding strength of the joint.
From this investigation, it was found that the bonds produced with the temperature of 405.87 °C, pressure
of 7.87 MPa, holding time of 29.02 min and surface roughness of 0.10 pm exhibited maximum shear
strength and bonding strength of 57.70 and 76.90 MPa, respectively. The intermetallic formation at the

interface was identified.

Keywords aluminum alloy, diffusion bonding, magnesium alloy,
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1. Introduction

The magnesium (Mg) and aluminum (Al) alloys are used in
wide variety of aerospace structural applications due to some
unique performance such as low density, high specific strength,
and good ductility (Ref 1). The application of magnesium and
its alloys is extended from navigation and military affairs fields
to civil products of high additional value such as automobile,
computer, and communication equipment. Dissimilar welding
of magnesium and aluminum alloys would achieve weight
reduction and high efficiency of production by a substitution of
Mg alloy for Al alloy (Ref 2).

However, the refractory oxide film of Mg and Al results in
inclusions at the weld metal. Moreover, the conventional fusion
welding technique causes severe thermal cracking and easy
formation of brittle intermetallic in the joints produced. There-
fore, the welding of Mg and Al dissimilar materials by the fusion
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welding method is very difficult (Ref 3). Hence, the diffusion
bonding technique is used to join these materials (Ref 4).

The predominant process parameters in diffusion bonding
process are: (bonding) temperature, (bonding) pressure, and
(holding) time (Ref 5). Other important parameter is surface
roughness of the materials to be joined (Ref 6). From the
literature review (Ref 1, 2, 7-9) it is understood that the most of
the published information on diffusion bonding of magnesium
and aluminum dissimilar materials focused on microstructure
analysis, phase formation studies, hardness survey at the
interface to evaluate the subsequent influence on strength and
the processing map to find out the good quality bond. All the
above-mentioned investigation was carried out on trial basis to
attain optimum bonding conditions. Only few research works
have been reported (Ref 10, 11) to optimize the diffusion
bonding parameters to attain maximum shear strength and
bonding strength of dissimilar joints. To obtain the maximum
strength, it is essential to have complete control over the
relevant process parameters.

Various prediction methods can be applied to define the
desired output variables through developing mathematical
models to specify the relationship between the input parameters
and the output variables. The response surface methodology
(RSM) is helpful in developing a suitable approximation for the
true functional relationship between independent variables and
the response variable that may characterize the nature of the
joints (Ref 12). It has been proved by several researchers that
efficient use of statistical design of experimental techniques
allows development of an empirical methodology, to incorpo-
rate a scientific approach in solid-state procedures such as
diffusion bonding (Ref 10, 11, 13) and friction stir welding
(Ref 14, 15), and fusion welding procedure (Ref 16-18). Hence,
in this investigation an attempt was made to optimize diffusion
bonding process parameters to attain maximum shear strength
and bonding strength in AZ80 magnesium alloy and AA6061
aluminum alloy dissimilar joints using RSM.
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2. Experimental Work

Square-shaped specimens (50 x 50 mm) were machined
from rolled plates of 10 mm thick magnesium (AZ80) and
6 mm thick aluminum (AA6061) alloys. The chemical com-
position of the base metals used in this investigation is shown
in Table 1. From the literature, the predominant factors which
are having greater influence on lap shear strength and bonding
strength of diffusion bonded joints were identified. They are: (i)
bonding temperature, (ii) bonding pressure, (iii) holding time,
and (iv) surface roughness. The bonding surfaces of samples
were ground flat by 200#, 400#, and 600# grit SiC papers and
cleaned in acetone prior to diffusion bonding (Ref 19). Then the
polished and chemically treated specimens were stacked in a
die made up of 316L stainless steel and experimental set-up for
diffusion bonding, shown in Fig. 1, was inserted into a vacuum
chamber (vacuum pressure of —29 mm Hg was maintained).
The specimens were heated up to the bonding temperature
using induction furnace with a heating rate of 25 °C/min,
simultaneously the required pressure was applied. After the
completion of bonding, the samples were cooled to room
temperature before removal from the chamber.

The experiments were conducted to determine the working
range of the above factors. Feasible limits of the parameters
were chosen in such a way that the diffusion bonds should be
free from any visual defects. The important factors that are
influencing the lap shear strength and bonding strength of
diffusion bonding and their working range for AZ80 magne-
sium alloy and AA6061 aluminum alloy are presented in
Table 2.

As the range of individual factor was wide, a central
composite rotatable four-factor, five-level factorial design
matrix was selected. The experimental design matrix (Table 3)
consisting 30 sets of coded condition and comprising a full
replication four-factor factorial design of 16 points, 8 star
points, and 6 center points was used. The upper and lower
limits of the parameters were coded as +2 and —2, respectively.
The coded values for intermediate levels can be calculated from
the relationship.

)(i - 2[2X - (Xmax +Xmin)]/(Xmax _Xmin) (Eq 1)

where JX; is the required coded value of a variable X and X is
any value of the variable from X,;, to X,a.x. The bonds were
made as per the conditions dictated by the design matrix at
random order so as to avoid the noise creeping output re-
sponse.

As the joints were not large enough for normal lap shear
strength and bond strength testing, a non-standard test was
devised to measure the shear strength of the bonds. The
dimensions of lap shear tensile specimen and ram tensile
specimen are shown in Fig. 2(a) and (b), respectively. The ram
tensile test set-up is shown in Fig. 2(c). The bonded specimens
were prepared from the Mg/Al diffusion bonded joints by a
wire-cut electric discharge machine (WEDM). The lap shear

Table 1 Chemical composition (wt.%) of base metals

tensile test and bond strength test were carried out in 100 kN
capacity servo controlled Universal Testing Machine. The
photograph of ram tensile test specimen is shown in Fig. 2(d).
Microstructure analysis was carried out using a light optical
microscope. The magnesium side was etched with a solution
containing ethanol, picric acid, acetic acid, and water whereas
the aluminum side was etched with Keller’s solution. The
optical micrographs of interface region of Mg-Al for different
joints are shown in Fig. 3. The micrograph contains base metals
of aluminum and magnesium, transition region of aluminum
and magnesium regions and mid-diffusion. Energy dispersive
spectrum (EDS) analysis was taken at the interface of a joint no.
23 and the results are presented in Fig. 4(a) and (b). Interface
contains 37.97% of magnesium, 60.80% of aluminum, and

Load Cell

Cooling system

(h) Vacuum furnace (C)Vacuum chamber

Fig. 1 Experimental set-up for diffusion bonding. (a) Diffusion
bonding machine, (b) vacuum furnace, and (c) vacuum chamber

Table 2 Feasible working limits of diffusion bonding
parameters

Levels
S. no. Parameters Notation Unit —2 -1 0 1 2
1. Bonding temperature T °C 375 390 405 420 435
2. Bonding pressure P MPa 5 7.5 10 125 15
3. Holding time H min 5 15 25 35 45
4. Surface roughness S pm 0.1 0.2 0.3 04 0.5

Mg Si Ti Cr Mn Fe Cu Zn Pb Sn Zr Al
AA6061-T6 1.0 0.5 0.15 0.1 0.15 0.7 0.2 0.25 . 96.95
AZ80 91.36 0.101 0.398 0.005 0.001 Traces 8.140
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Table 3 Design matrix and experimental results

Factors

Joint Shear Bonding
numbers T P H S strength, MPa strength, MPa
1 -1 -1 -1 -1 50 67
2 +1 -1 -1 -1 47 64
3 -1 +1 -1 -1 49 66
4 +1 41 -1 -1 47 64
5 -1 -1 +1 -1 50 67
6 +1 -1 +1 -1 56 73
7 -1 +1 +1 -1 48 65
8 +1 41 +1 -1 53 70
9 -1 -1 -1 +1 34 51
10 +1 -1 -1 +1 37 54
11 -1 +1 -1 +1 43 60
12 +1 +1 -1 +1 46 63
13 -1 -1 +1 +1 37 54
14 +1 -1 +1  +1 48 65
15 -1 +1 +1 +1 44 61
16 +1 41+l +1 55 72
17 -2 0 0 0 42 59
18 +2 0 0 0 51 68
19 0 -2 0 0 43 60
20 0 +2 0 0 50 67
21 0 0 -2 0 39 56
22 0 0 +2 0 51 68
23 0 0 0 -2 56 77
24 0 0 0 +2 43 60
25 0 0 0 0 57 74
26 0 0 0 0 55 72
27 0 0 0 0 55 72
28 0 0 0 0 55 72
29 0 0 0 0 48 66
30 0 0 0 0 51 68

Load

{

Punch

1 7 / Specimento
oy ‘\_ be tested
ti-1-]
=N NI
e 15 e
— Die
(c) All dimensions are in mm

1.23% of silicon. X-ray diffraction (XRD) analysis was
performed on both sides of the bonds and the results are
presented in Fig. 4(c) and (d). The presence of intermetallic
phases such as Mg,Al;, MgzAl,, MgAl, Mg;,Al;,, MgAl,0y,,
and SiO, are confirmed from the XRD and EDS analyses.

3. Developing Empirical Relationships

Shear strength and bonding strength of the diffusion bonded
joints are represented by SS and BS, respectively. These
responses are function of bonding temperature (7), bonding
pressure (P), holding time (H), and surface roughness (S) and
they can be expressed as

SS = /(T,P,H,S) (Eq 2)
BS = /(T,P,H,S) (Eq 3)

The second-order polynomial (regression) equation used to
represent the response surface Y is given by (Ref 20)

Y = b() =+ Zbixl- =+ Zb,-l-x? =+ Zbi/xi)cj» + [ (Eq 4)

The selected polynomial for shear strength of diffusion
bonded AZ80 magnesium and AA6061 aluminum alloy joints
could be expressed as
SS = bo + b1 (T) + ba(P) + bs(H) + ba(S) + b1 (T7)

+ b3y (P?) + b3z (H?) + bas(S?) + b1o(TP) + by3(TH)
+ b14(TS) + b23(PH) + b24(PS) + b34(HS) (EqS)

Similarly, the selected polynomial for the bonding strength
of diffusion bonded joint is given below

(d

Fig. 2 Experimental details. (a) Dimensions of lap shear tensile specimen, (b) dimensions of ram tensile specimen, (c) Ram tensile test set-up,

and (d) Ram tensile specimen photo
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Fig. 3 Optical micrographs at different combinations of process parameters. Joint Nos. (a) 3, (b) 9, (c) 13, (d) 18, (e) 23, and (f) 29

BS = by + b (T) + by(P) + bs(H) + ba(S) + b1y (T?)
+ b33 (P?) + b3 (H?) + bas (S?) + b12(TP) + b3 (TH)
+ b14(TS) + ba3(PH) + by4(PS) + b34(HS)
(Eq 6)

where b, is the average of the responses and by, by, bs,...,
b,y are regression coefficients that depend on respective lin-
ear, interaction, and squared terms of factors. The value of
the coefficient was calculated using Design Expert Software.
After determining the significant coefficients at the (95% con-
fidence level), the final models were developed using only
these coefficients and the final empirical relationship to esti-
mate shear strength and bonding strength are given below:

2306—Volume 21(11) November 2012

SS = {53.50 +2.17(T) + 1.67(P) + 2.58(H) — 3.42(S)
—1.81(7%) — 1.81(P*) — 2.19(H?) — 1.06(S?)
+2.00(TH) + 1.38(TS) — 0.50(PH) + 2.38(PS)

+0.63(HS)} MPa (Eq7)

BS = {70.67 + 2.17(T) + 1.67(P) + 2.58(H) — 3.75(S)
—1.94(T%) — 1.94(P*) — 2.31(H*) — 0.69(S?)
+2.00(TH) + 1.38(TS) — 0.50(PH) + 2.38(PS)
+0.63(HS)} MPa (Eq 8)

The adequacy of the developed model was tested using the
analysis of variance (ANOVA) technique and the results of

Journal of Materials Engineering and Performance
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Fig. 4 Microstructural characteristics of AA6061 Al/AZ80 Mg alloy joints. (a) SEM micrograph, (b) EDS results, (c) XRD magnesium side,
and (d) XRD aluminium side

Table 4 ANOVA test result for shear strength

Sum of Mean P value
Source squares df square F value (prob. > F)
Model 1062.667 14 75.90476 19.18941 <0.0001 Significant
T 112.6667 1 112.6667 28.48315 <0.0001
P 66.66667 1 66.66667 16.85393 0.0009
H 160.1667 1 160.1667 40.49157 <0.0001
S 280.1667 1 280.1667 70.82865 <0.0001
P 0 1 0 0 1.0000
TH 64 1 64 16.17978 0.0011
s 30.25 1 30.25 7.647472 0.0144
PH 4 1 4 1.011236 0.3306
PS 90.25 1 90.25 22.81601 0.0002
HS 6.25 1 6.25 1.580056 0.2280
° 90.10714 1 90.10714 22.7799 0.0002
P? 90.10714 1 90.10714 22.7799 0.0002
H 131.25 1 131.25 33.18118 <0.0001
s? 30.96429 1 30.96429 7.82805 0.0135
Residual 59.33333 15 3.955556
Lack of fit 3.833333 10 0.383333 34.256 1.0000 Not significant
Pure error 55.5 5 11.1
Cor. total 1122 29

df, degrees of freedom; F, Fisher’s ratio; P, probability
SD = 1.98886, mean = 48.00, CV% = 4.143, PRESS = 102, R* = 0.947118, adj. R*> = 0.897762, pred. R> = 0.909091, adeq. precision = 15.76201

second-order response surface model fitting in the form of after considering the significant factors. The models are not
ANOVA are given in Table 4. The determination coefficient over fitted as indicated by the comparison of R and R*-adjusted
(R?) indicates the goodness of fit for the model. In this case, the values. Only < 6% of the total variations are not explained by
value of the determination coefficient (R* = 0.9471) indicates the model. The value of adjusted determination coefficient

that 94.71% of the total variability is explained by the model (adjusted R* = 0.8977) is also high, which indicates a high

Journal of Materials Engineering and Performance Volume 21(11) November 2012—2307



Table 5 ANOVA test result for bonding strength

Sum of Mean P value
Source squares df square F value (prob. > F)
Model 1147 14 81.92857 22.27665 <0.0001 Significant
T 112.6667 1 112.6667 30.63444 <0.0001
P 66.66667 1 66.66667 18.12689 0.0007
H 160.1667 1 160.1667 43.54985 <0.0001
N 337.5 1 3375 91.76737 <0.0001
P 0 1 0 0 1.0000
TH 64 1 64 17.40181 0.0008
s 30.25 1 30.25 8.225076 0.0117
PH 4 1 4 1.087613 0.3135
PS 90.25 1 90.25 24.53927 0.0002
HS 6.25 1 6.25 1.699396 0.2120
° 102.9643 1 102.9643 27.99633 <0.0001
P? 102.9643 1 102.9643 27.99633 <0.0001
H 146.6786 1 146.6786 39.88239 <0.0001
s? 12.96429 1 12.96429 3.525032 0.0800
Residual 55.16667 15 3.677778
Lack of fit 9.833333 10 0.983333 0.108456 0.9983 Not significant
Pure error 45.33333 5 9.066667
Cor. total 1202.167 29

df, degrees of freedom; F, Fisher’s ratio; P, probability

SD = 1917753, mean = 65.17, CV% = 2.942844, PRESS = 121.92, R* = 0.954111, adj. R* = 0.911281, pred. R* = 0.898583, adeq. preci-

sion = 18.19
Predicted vs. Actual Predicted vs. Actual
60.00 | 80.00 — 7
55.00 — 75.00
50.00 70.00 H
A k=3
2 2@ ’
S 4500 5 65.00 ;
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Fig. 5 Normal probability plot of experimental versus predicted
shear strength

significant of the model. Predicted R* = 0.9091 is in good
agreement with the adjusted R? and shows that the model
would be expected to explain 90.91% of the variability in new
data. A P value <0.05 indicated the significant model terms.
Value of probability greater than F in Table 4 and 5 for the
model is <0.05, which indicates that the model is significant.
Lack of fit is insignificant and therefore indicates that the model
fits well with the experimental data. The high P value for the
lack of fit test also indicates that the model does adequately fit
with the response surface for shear strength. All the above

2308—Volume 21(11) November 2012
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Fig. 6 Normal probability plot of experimental versus predicted
bonding strength

considerations indicate on excellent adequacy of the regression
model. Each observed value is compared with the predicted
value calculated from the model in Fig. 5 and 6.

4. Optimizing the Diffusion Bonding Parameters

In this investigation, the RSM was used to optimize
the diffusion bonding parameters. RSM is a collection of

Journal of Materials Engineering and Performance



Shear Strength (MPa)

Bonding Pressure (MPa) 500 37500 Bonding Temperature (°C)

(a)

Shear Strength (MPa)

Surface Roughness (um) 010 37500 Bonding Temperature (°C)

()

8
8

8
8

5
8

Shear Strength (MPa)
&
8

8
8

15.00

750
Bonding Pressure (MPa)

Surface Roughness (pm) 010 500

(e)

Fig. 7 Response graphs for shear strength

mathematical and statistical techniques that are useful for
designing a set of experiments, developing a mathematical
model, analyzing for the optimum combination of input
parameters, and expressing the values graphically (Ref 16).
To obtain the influencing nature and optimized condition of the
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process on shear strength and bonding strength, the surface
plots and contour plots which are the indications of possible
independence of factors have been developed for the proposed
empirical relation by considering two parameters in the middle
level and two parameters in the X- and Y-axes as shown in
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Fig. 8 Response graphs for bonding strength

010 500

Fig. 7 and 8 respectively. These response contours can help in
the prediction of the response for any zone of the experimental
domain (Ref 20).

The apex of the response plot shows the maximum
achievable shear strength and bonding strength. In Fig. 7 and
8, the shear strength and bonding strength increase with

2310—Volume 21(11) November 2012
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increasing bonding temperature, bonding pressure, and holding
time and then decrease. But the shear strength and bonding
strength increase with decreasing the surface roughness. A
contour plot is produced to display the region of the optimal
factor settings visually. For second-order responses, such a plot
can be more complex compared to the simple series of parallel
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Fig. 9 Contour graphs for shear strength
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lines that can occur with first-order models. Once the stationary
point is found, it is usually necessary to characterize the
response surface in the immediate vicinity of the point.
Characterization involves identifying whether the stationary
point is a minimum response or maximum response or a saddle
point. To classify this, it is most straightforward to examine it
through a contour plot. Contour plots play a very important role
in the study of a response surface. It is clear from Fig. 9 and 10
that the shear strength and bonding strength increase with the
increase of bonding temperature, bonding pressure, holding
time, and surface roughness to a certain value and then decrease.

Table 6 Estimated regression coefficients for shear
strength and bonding strength

Estimated regression coefficients

Shear Bonding
Factor strength strength
Intercept 53.5 70.66667
T 2.166667 2.166667
P 1.666667 1.666667
H 2.583333 2.583333
S —3.41667 —3.75
7 —1.8125 —1.9375
P? —1.8125 —1.9375
H? —2.1875 —2.3125
s? —1.0625 —0.6875
TP 0 0
TH 2 2
TS 1.375 1.375
PH -05 —0.5
PS 2.375 2.375
HS 0.625 0.625

RSM is used to find the optimal set of process parameters
that produce a maximum or minimum value of the response
(Ref 21). By analyzing the response surfaces and contour plots
(Fig. 7 to 10), the maximum achievable shear strength and
bonding strength values are found to be 57.70 and 76.90 MPa,
respectively. The corresponding process parameters that yielded
this maximum value are bonding temperature of 405.87 °C,
bonding pressure of 7.87 MPa, holding time of 29.02 min, and
surface roughness of 0.10 um. Using these optimized diffusion
bonding process parameters three more joints were fabricated.
From these joints, lap shear and ram tensile specimens were
fabricated and then tested. The average lap shear and bonding
strength values are found to be 56 and 75 MPa. From these
values, it is inferred that the predicted and experimental
optimized strength values are in good agreement and the
variations is found to be less than £10%.

Contributions made by the process parameters on strength of
the joint can be ranked (Ref 22) from their respective F ratio
value which was presented in Table 6 provided the degrees of
freedom are same for all the input parameters. The higher F
ratio value implies that the respective term is more significant
and vice versa. From the F ratio values, it can be concluded that
bonding temperature is contributing more on shear strength and
bonding strength, and it is followed by bonding pressure,
holding time, and surface roughness for the range considered in
this investigation.

5. Sensitivity Analysis

Sensitivity analysis, a method to identify critical parameters
and rank them by their order of importance, is paramount in
model validation where attempts are made to compare the

Table 7 Sensitivities of process parameters on shear strength (S = 0.1 pm)

Bonding Bonding Holding Shear
pressure, P temperature, T time, H strength, SS dSS/oT d0SS/oP JdSS/OH dSS/0S
5 375 5 23.42 —12.20 6.29 3.96 1.79
390 15 11.82 —9.19 3.98 1.27 3.79
405 25 26.21 —6.18 1.67 —1.42 5.79
420 35 28.68 —3.17 —0.64 —4.11 7.79
435 45 19.23 —0.16 —-2.95 —6.80 9.79
7.5 375 5 11.51 —10.82 6.29 5.96 —0.02
390 15 26.69 —7.81 3.98 3.27 1.98
405 25 39.95 —4.80 1.67 0.58 3.98
420 35 41.29 -1.79 —0.64 —2.11 5.98
435 45 30.71 1.22 —2.95 —4.80 7.98
10 375 5 10.99 —9.44 6.29 7.96 —1.83
390 15 35.04 —6.43 3.98 5.27 0.17
405 25 47.17 —-3.42 1.67 2.58 2.17
420 35 4738 —0.41 —0.64 —0.11 417
435 45 35.67 2.60 —2.95 —2.80 6.17
12.5 375 5 13.95 —8.06 6.29 9.96 —3.64
390 15 36.87 —5.05 3.98 7.27 —1.64
405 25 47.87 —2.04 1.67 4.58 0.36
420 35 46.95 0.97 —0.64 1.89 2.36
435 45 34.11 3.98 —2.95 —0.80 4.36
15 375 5 10.39 —6.68 6.29 11.96 —5.45
390 15 32.18 —3.67 3.98 9.27 —3.45
405 25 42.05 —0.66 1.67 6.58 —1.45
420 35 40.00 2.35 —0.64 3.89 0.55
435 45 26.03 5.36 —-2.95 1.20 2.55
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Sensitivity analysis results of Bonding
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Fig. 11 Sensitivity analysis results. (a) Bonding temperature, (b) bonding pressure, (c) holding time, and (d) surface roughness

calculated output with the measured data. This type of analysis
can be used to determine the parameters that must be accurately
measured, thus knowing the input parameters exerting the most
influence on the model response (Ref 23). Therefore, sensitivity
analysis plays an important role in determining which param-
eter of the process should be modified to obtain the improved
response characteristics. Mathematically, sensitivity of an
objective function with respect to a design variable is the
partial derivative of that function with respect to its variables
(Ref 24).

In the present investigation, the aim is to predict the likely
change in shear strength and bonding strength owing to a small
change in process parameters for the diffusion bonding process.
The sensitivity equations were obtained by differentiating the
developed empirical relation with respect to the factors of
interest such as bonding temperature, bonding pressure, holding
time, and surface roughness, which were explored here. The
sensitivity Eq 9, 10, 11, and 12 represent the sensitivity of
shear strength for bonding temperature, bonding pressure,
holding time, and surface roughness, respectively.

0SS/0T = 2.17 4 0.00P + 2.00H + 1.385 — 3.62T  (Eq9)

9SS/OP = 1.67 + 0.00T — 0.50H + 2.385 — 3.62P (Eq 10)

8SS/OH = 2.58 +2.00T — 0.50P + 0.63S — 4.38H
(Eq 11)

9SS/0S = —3.42 + 1.38T + 2.38P + 0.63H — 2.128
(Eq 12)

Sensitivity information should be interpreted using the
mathematical definition of derivatives, namely positive sensi-
tivity values imply an increment in the objective function by a
small change in design parameter, whereas negative values state
the opposite (Ref 22). Sensitivities of process parameters on
shear strength are presented in Table 7. From Table 7, it is
found that the maximum sensitivity values of bonding temper-
ature, bonding pressure, holding time, and surface roughness

2314—Volume 21(11) November 2012

are —12.20, 6.29, 11.96, and 9.79, respectively. Figure 11
shows the sensitivity of bonding temperature, bonding pressure,
holding time, and surface roughness respectively on shear
strength. The small variation of bonding temperature causes
large changes in shear strength. The results reveal that the shear
strength is more sensitive to bonding temperature than bonding
pressure, holding time, and surface roughness. However, at
420 °C (Fig. 11a to ¢) and 390 °C (Fig. 11d) the sensitivity is
found to be very small and this is mainly due to the change of
magnitude of sensitivity (from positive to negative or vice
versa). The sensitivity analysis for bonding strength will also
show the same effect as it is directly proportional to the shear
strength. AI/Al and Mg/Mg (similar) joints were fabricated
using diffusion bonding method. The shear strength and
bonding strength of AIl/Al joints are found to be 155 and
185 MPa, respectively. Similarly, Mg/Mg joints yielded shear
strength and bonding strength of 125 and 160 MPa, respec-
tively.

6. Conclusions

The following important conclusions are obtained from this
investigation

e Empirical relationships were developed to predict the
shear strength and bonding strength of the diffusion
bonded dissimilar joints of AZ80 magnesium and
AA6061 aluminum alloys incorporating important parame-
ters. The developed relationship can be effectively used to
predict the shear strength and bonding strength of diffu-
sion bonds at 95% confidence level.

e A maximum shear strength of 57.70 MPa and bonding
strength of 76.90 MPa could be attained under the bond-
ing conditions of 405.87 °C of bonding temperature,
7.87 MPa of bonding pressure, 29.02 min of holding time,
and 0.10 um of surface roughness. The experimentally
determined shear strength and bonding strength at these
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optimized parameters were found to be 56 and 75 MPa,
respectively, which shows the consistency of the model.

¢ Bonding temperature was found to have greater influence
on shear strength and bonding strength of the joints fol-
lowed by bonding pressure, holding time, and surface
roughness.

¢ Bonding temperature was more sensitive than the other
parameters such as bonding pressure, holding time, and
surface roughness. Therefore, a slight increase in bonding
temperature induces a wide variation in the decrease in
the strength of the dissimilar joints.
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