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Abstract: The objective of this study was to produce com-
posites with a uniform distribution of aluminum nitride
(AlN) reinforcing particles in the magnesium (Mg) metal
matrix composites. In this study, experiments were carried
out to evaluate the effect of time and temperature on the
nitridation of aluminum to form AlN and its distribution in
Mg composites. High-temperature production of AlN in Mg
alloys melts using the ammonia gas bubbling method was
investigated. The effect of ammonia bubbling time and tem-
perature at a flow rate of 0.1 liters per minute on the amount
of AlN formation was studied. Bubbling of ammonia gas
resulted in the in-situ formation of AlN in Mg alloys, yielding
AlN-reinforced Mg alloy composites. The AlN formation in
the alloy was increased with increasing bubbling time. The
rate of AlN formation was found to be 0.34 g·min−1 at 1,073 K.
An average yield of AlN (wt%) was 6.47, 29.65, and 27.43 at
973, 1,073, and 1,173 K, respectively. An activation energy of
59.57 kJ was determined for the nitridation process. The
magnitude of activation energy indicates that the reaction
proceeds in the mixed regime with control of both nuclea-
tion and interface diffusion. The product was characterized
using X-ray diffraction (XRD), optical microscopy, and scan-
ning electron microscopy. The characterization of samples
showed that the AlN particles distributed throughout the
alloy matrix. The AlN particles formed in-situ are small in
size, and uniform dispersion of AlN particles was observed
at higher bubbling times and at higher temperatures. The
AlN crystallite size increased with an increase in bubbling
time and temperature. The XRD characterization results
showed that the composite formed in-situ was composed of
(Mg), intermetallic γ-(Mg, Al), and AlN phases. The Rockwell
hardness of the in-situ composites was higher than the un-
reinforced Mg alloy, and the hardness increased with an
increase in the AlN wt% in the Mg alloy composites.

Keywords:magnesium alloys, aluminum nitride, ammonia
gas, nitridation reaction rate

1 Introduction

A metal matrix composite (MMC) comprises a metallic base
with a reinforcing constituent, which is usually non-metallic
and is commonly ceramic. Discontinuously reinforced alu-
minum alloy composites are a class of MMCs that have tre-
mendous potential for structural applications. Reinforcing
the matrix with the hard ceramic phases improves the wear
resistance, tensile strength, and elastic modulus of the
metallic materials. Aluminum and magnesium alloy compo-
sites reinforced discontinuously with ceramic particles are
of special interest to the automotive, defense, military, and
aerospace applications owing to their excellent properties
such as low density, high specific strength, high specific stiff-
ness, and lower cost. Magnesium has a lower density (about
1.74 g·cm−3), which makes its composites lighter in weight.

The magnesium (Mg) MMCs can be obtained by var-
ious techniques [1,2], such as via liquid, solid, and vapor
state processing. A simplified processing flow sheet for
MMCs is shown in Figure 1. The liquid state processing is
extensively investigated, and it includes several processes
such as stir casting, squeeze infiltration, spray deposition,
semisolid casting, pressure infiltration, in-situ reaction
synthesis, and pressure-less infiltration. The process path
used in this investigation for the in-situ reaction synthesis
of aluminum nitride (AlN)-reinforced Mg alloy MMCs is
highlighted in red in Figure 1. Magnesium alloys and their
properties are discussed in previous studies [3–9]. SiC-rein-
forced Mg alloy composites synthesized using the above
production routes have been extensively studied [10–16].
Although magnesium MMCs obtained from these conven-
tional techniques have demonstrated a strong position for
weight-critical applications, they are still not profitable
for structural applications. Magnesium matrix composites
using different combinations of reinforcements and their
effects on the chemical, mechanical, and tribological prop-
erties were discussed [17–28].



* Corresponding author: Ramana G. Reddy, Department of
Metallurgical and Materials Engineering, The University of Alabama,
Tuscaloosa, AL 35487, USA, e-mail: rreddy@eng.ua.edu

High Temperature Materials and Processes 2023; 42: 20220307

Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/htmp-2022-0307
mailto:rreddy@eng.ua.edu


In solidification, the reinforcement is introduced into
molten metal using conventional foundry melting processes,
while in the powder metallurgy approach, the matrix metal
and reinforcement powder are mixed, consolidated, and
fired to form the composites. Squeeze casting is a popular
MMC fabrication route, especially for adding randomly
aligned short alumina fibers such as Saffil. Short fiber rein-
forcements increase elastic modulus, proof stress, and ten-
sile strength dependent on volume fraction while severely
restricting elongation to failure. Stir casting is typically
employed for the fabrication of particulate-reinforced com-
posites. An increase in the strength of many magnesium
alloys prepared by powder metallurgy as opposed to ingot
metallurgy indicates that composite materials derived
using PM techniques may show improved properties.
The improvement in properties such as proof stress, ten-
sile strength, and elastic modulus for several magnesium
alloys was observed.

Particle-reinforced magnesium matrix composites are
produced by squeeze casting [29], stir casting [11–14],
powdermetallurgy [15], and spray forming [16]. Thesemethods
involve the incorporation of reinforcing second-phase parti-
cles, which include borides, carbides, and nitrides, into molten
magnesium by ex situ methods. The drawbacks are that the
reinforcing particle size is coarse, and also interfacial reaction
and poor wettability between the reinforcements and the
matrices due to surface contamination of the reinforcements.

The in-situ processing, in which the reinforcing parti-
cles are directly formed from in-situ chemical reactions, is
quite promising for MMC manufacturing [30]. This process
involves a gas–liquid reaction that leads to reinforcement
formation [31,32]. The reinforcing particles are formed
when the bubbling gas reacts with the matrix melt. SiC-
reinforced Mg alloy MMCs can be obtained by bubbling

carbon-bearing gases through the Mg–Si melt. AlN-rein-
forced Mg alloy MMCs can be obtained by bubbling nitrogen-
bearing gases through the Mg–Al melt. Using this technology,
aluminum alloy composites reinforcedwith TiC [33], SiC [34,35],
and AlN [36–38] and magnesium alloy composites reinforced
with AlN [39] have been successfully processed. The advantage
of this method is that the forced agitation due to the bubbling
gas improves the uniformity of reinforcement dispersion; also,
the availability of a large gas–liquid contact area provides fast
reaction kinetics. It is estimated that this in-situ production
process cost is about 1/3 less than the conventional process.

This article presents the experimental results of high-
temperature in-situ synthesis of AlN in Mg alloys melts
using ammonia gas. The effect of ammonia bubbling time
and temperature on the yield of AlN-reinforced Mg alloy
composites was studied. Microstructural characterization
of samples using X-ray diffraction (XRD), optical microscopy
(OM), and scanning electron microscopy (SEM) results is
presented. The reaction rates and activation energy of the
nitridation process and AlN distribution in Mg alloy matrix
results are discussed.

2 Experimental

The experimental setup for in-situ processing of Mg com-
posites is shown in Figure 2. The Lindberg® furnace con-
sists of a working chamber, heating elements, an insulator,
a standard type-S (Pt–10% Ru/Pt) thermocouple, and a con-
trol console. In the furnace, an overall 14 cm constant tem-
perature zone with a variation of ±5 K can be obtained. The
in-situ reaction was performed in an alumina crucible
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Figure 1: Processing of Mg-MMCs [1,2].
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located in the uniform temperature zone of the furnace
tube. The dimensions of the alumina crucible are 2.5 cm
in diameter and 5 cm in height. The gas bubbling tube is an
alumina tube with a nozzle diameter of 1.5 mm, which was
immersed into the melt near the bottom of the reactor in
the bubbling process. The bottom end of the furnace is
closed, and the upper end is sealed by a furnace cover.
The furnace tube was purged with pure argon (99.999%
purity) throughout the experiments.

The alloy composition studied was 30% Al and balance
Mg. Pure Mg rods (99.9% purity, purchased from Good
Fellow Corp.®) and Al granules (99.99% purity, purchased
from Alfa Aesar®) were used to make the desired alloy.
Ammonia gas was of 99.999% purity. Mg and Al were
mixed in the alumina crucible with a capacity of 100ml
to obtain the required composition of the alloy, and the
crucible was then placed in the furnace tube in the con-
stant temperature zone. The Mg–Al mixture was used to
better control the distribution of AlN particles formed in
the melt. The furnace tube was sealed with a furnace cover
after loading the reaction crucible and setting the thermo-
couples and gas-delivering tubes in suitable positions. All
experiments were conducted with an ammonia gas flow
rate of 0.1 LPM (liters per minute). The alloy components
were mixed thoroughly prior to heating in the furnace. On

reaching the predetermined temperature, the alloy was
allowed to homogenize at a constant temperature for about
15 min. The bubbling tube was then submerged into the
melt up to the bottom of the crucible, and bubbling gas
(NH3) was introduced into the melt. The residual NH3

was scrubbed before the NH3-free gas was vented using
an ammonia scrubber (which uses dilute sulfuric acid to
neutralize the ammonia). The entire process was moni-
tored through the eyehole on the furnace cover. NH3 gas
was bubbled into the melt for different time periods, and
its effect on product composition was studied. After the
bubbling period, the furnace was turned off, and the pro-
ducts were allowed to cool and solidify in the furnace
under an argon atmosphere.

The reaction products were analyzed using various
characterization techniques. Phases in the product were
characterized using a powder XRD technique (Philips-
Electronic APD 3600 modified X-ray diffractometer). The
microstructure of the composite was studied using OM.
The compositional analysis of the final product was per-
formed using energy-dispersive spectrometry (EDS).

3 Results and discussion

3.1 Effect of bubbling time on product
morphology and formation of AlN at
1,173 K

The effect of NH3 gas bubbling time on AlN yield at a con-
stant flow rate of 0.1 LPM and a temperature of 1,173 K was
studied, and the results are shown in Table 1. AlN was
formed in-situ in the magnesium alloy according to the
reaction shown in equation (1) [40,41]

( ) ( ) ( ) ( )+ = +2Al 2NH 2AlN 3H .l 3 g s 2 g (1)

ΔGo
(1) = −548,116 + 1.0593T J.

( ) ( ) ( ) ( )+ = +Mg N 2Al 3Mg 2AlN .
3 2 s l l s (2)

( ) = − −G TΔ 169, 123 0.412

ο J.
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Figure 2: Schematic diagram of experimental setup.

Table 1: Effect of time on AlN formation (experimental conditions: 1,173 K, 0.1 LPM)

Experiment number Starting weight of alloy (g) Bubbling time (min) Weight of AlN formation (g) AlN (wt%)

1 80.59 15 5.09 6.40
2 80.58 45 11.35 14.80
3 80.32 70 21.78 27.43
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At 1,173 K, the standard Gibbs energy of the reaction (1)
is negative, indicating that AlN is favorable to be formed by
bubbling ammonia gas. The thermodynamic analysis shows
that Mg3N2 formed in the Mg–Al melt is not stable and could
be reduced by Al via the reaction given by reaction (2).

The percentage yield of AlN in the Mg alloy was calcu-
lated from XRD data [42] and EDS data, and the results are
shown in Figures 3 and 4. Figure 3 shows the AlN yield in
wt% in the alloy, and Figure 4 shows the AlN yield in
grams. It can be seen from Figures 3 and 4 that as the
bubbling time is increased, the AlN yield increases, and
at 70 min of ammonia bubbling, an average of 27.43 wt%
AlN was formed in the Mg alloy.

Figures 5–7 show the optical micrographs and XRD
patterns of the alloy product formed after 15, 45, and
70min of ammonia bubbling at 1,173 K, respectively. It
can be seen from the XRD patterns that the product is
composed of (Mg), inter-metallic γ-(Mg, Al), and AlN. The
(Mg) is solid magnesium solution with aluminum dissolved
in it, and inter-metallic γ-(Mg, Al) is the gamma phase of
stoichiometry Mg17Al12. It can be seen from Figures 5b,
6b, 7b that the primary XRD peak for AlN increased with
an increase in bubbling time, indicating that the AlN
amount increased in Mg alloy composites, as shown in
Figures 3 and 4. Figure 5a and b shows the optical micro-
graph and XRD of the product formed at an ammonia gas
bubbling time of 15 min, respectively. The AlN formed in
the alloy was approximately 6.4 wt%. Figure 6a and b
shows an optical micrograph and XRD of the product
formed after 45 min of ammonia bubbling, respectively.
The average AlN formed in the alloy was approximately
14.8 wt%. Figure 7a and b represents the optical micro-
graph and XRD of the product formed after 70 min of bub-
bling, respectively, in which the average AlN formed was
27.43 wt%. The average AlN weight formed in the
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Figure 3: Effect of bubbling time on percentage AlN yield at 1,173 K.
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composite was 5.09, 11.35, and 21.78 g for the corresponding
bubbling time of 15, 45, and 70min, respectively. In all the
optical micrographs, the gray matrix is the (Mg) phase, the
white is γ-(Mg, Al), and the black particles are the AlN
particles that are distributed throughout the alloy.

From Figures 5–7, the average AlN crystallite size was
calculated from the XRD patterns [42]. The average AlN
crystallite size was 1.30 nm at 15 min, 2.03 nm at 45 min,
and 3.40 nm at 70 min of ammonia bubbling time. The
size of the AlN crystallite size increases with an increase
in bubbling time. However, as shown in the micrograph,
agglomeration of AlN particles was observed at lower bub-
bling times.

As shown in Figure 5a, AlN particles are engulfed in
the freezing interface. This type of phenomenon is termed
a particle–solidification front interaction, where a freely
suspended second-phase particle can be either pushed or

engulfed by a freezing interface [43]. Thus, the reinforcing
phase generally tends to segregate in the interdendritic
liquid instead of being homogenously distributed within
cells and dendrites. These interactions are important in
determining the final microscopic distribution of reinforcing
particles in cast–MMCs. A similar, particle–solidification front
interaction phenomenonwas observed in this research. From
the optical micrograph (Figure 5a), it becomes apparent that
the AlN particles segregate to interdendritic regions at lower
bubbling times. In Mg alloy/AlN composites, it is observed
that each AlN particle appears to be surrounded by γ-(Mg,
Al) intermetallic. A similar microscopic distribution of rein-
forcing particles was observed [44]. They observed that each
SiC ceramic particle is surrounded by γ-(Mg, Al) intermetallic.
Thus, it is encountered in this research that during the soli-
dification of composite products, the AlN particles are pushed
by the growing magnesium-rich dendrites into the last
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solidifying interdendritic regions. As the bubbling time
increases, the AlN yield increases thus, the particles get uni-
formly dispersed, and also their dispersion density increases.
Due to the lower yield of AlN at a bubbling time of 15min,
Figure 5a shows a lower dispersion density of AlN particles
than that at 45 and 70min, as shown in Figures 6a and 7a,
respectively. The dispersion of AlN particles is uniform, as
shown in Figure 7a, for a bubbling time of 70min. Thus, an
increase in AlN yield is observed when the bubbling time
increases at a flow rate of 0.1 LPM (Figures 3 and 4). The
solubility of hydrogen in Mg is very low (2.36 × 10−4 wt% H
at 1,173 K). The forced agitation due to bubbling gas improves
the uniformity of reinforcement dispersion and because of no
hydrogen reaction with alloy, hydrogen gas was removed from
themelt and resulted in no porosity in theMg alloy composites.

3.2 Effect of temperature on product
morphology and formation of AlN at
1,073 K

Experiments were conducted by bubbling ammonia gas for
70 min through the melt at 1,073 K and a flow rate of 0.1
LPM. Figure 8a and b shows the optical micrograph and
XRD pattern of the AlN in Mg-alloy composites. When
ammonia bubbled through the Mg alloy melt, a significant
amount of AlN was formed throughout the alloy. The com-
posite product weight was increased due to the formation
of AlN. The phases were identified to be Mg solid solution
(aluminum dissolved in it), gamma phase γ-(Mg, Al), and
AlN. The sample analyses showed that the average percen-
tage of AlN is about 29.65 wt% or an average weight of 23.62
g in the composite. From the OMmicrograph, it can be seen
that AlN particles are dispersed uniformly throughout the
product and are surrounded by Mg solid solution.

3.3 Effect of temperature on product
morphology and formation of AlN
at 973 K

Figure 9 shows the SEM micrograph of the composites
formed in-situ by bubbling ammonia gas for 70min through
the melt at 973 K and a flow rate of 0.1 LPM. Table 2 lists the
EDS analysis of several area scans marked in Figure 9. EDS
analysis confirms that area A is (Mg), area B is γ-(Mg, Al),
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whereas areas C, D, and E show a high percentage of Al and
N with a small amount of Mg in them. As N cannot be
present in the elemental form in the melt, it reacts with Al
and forms AlN. Thus, the areas shown in C, D, and E are AlN,
which are covered with Mg alloy. A large amount of γ-(Mg,
Al) phase is seen in the SEM micrograph because a smaller
amount of Al has reacted with N to form AlN. At a reaction
temperature of 973 K, it is not possible to form distinct AlN
particles. Instead, AlN-rich regions in the form of dense
layers were seen to be formed throughout the melt.

Figure 10a and b shows the optical micrograph and
XRD pattern of the sample composites formed in-situ by
bubbling ammonia gas for 70 min through the melt at 973 K
at a flow rate of 0.1 LPM. The XRD results show that at this
low temperature, AlN was formed, but the yield was less
(6.47 wt% or an average weight of 6.45 g). Figure 10a shows
the optical micrograph of the composites. The formation of
a dense layer of AlN in the Mg alloy agrees with the work
reported [45]. They reported that three forms of AlN can be
formed in-situ, such as dense layer, dispersed particles, and
pure AlN ceramics, depending on processing parameters.

The average AlN crystallite size was calculated from
the XRD data given in Figures 7 and 8 [42]. The average AlN
crystallite size was 2.88 nm at 1,073 K and 3.40 nm at 1,173 K
for an ammonia bubbling time of 70 min and 0.1 LMP.
Because of a dense layer formation at a reaction tempera-
ture of 973 K, it was not possible to form isolated AlN
particles. It can be seen from Figures 7b and 8b that the
primary XRD peak for AlN increased with an increase in
temperature. The AlN crystallite size from XRDs showed
that the size of the AlN crystallites increases with an
increase in temperature.

3.4 Effect of temperature on AlN yield in Mg
alloy/AlN composites

Figure 11 shows the percentage of AlN yield in the compo-
site, while Figure 12 shows the AlN yield in grams as a
function of temperature at a bubbling time of 70 min
and a gas flow rate of 0.1 LPM. Flow rate, bubbling
time, and alloy composition were kept constant in these
experiments,. The representative error bars in Figure 12
are in the same range as shown in Figure 11. At 973 K, the
yield was lower due to the incomplete melting of the alloy
and slower reaction kinetics. As shown in Table 3, at
973 K, the average yield of AlN in weight percentages
was found to be 6.47%, 29.65% at 1,073 K, and at 1,173 K,
it was about 27.43%. The average weight of AlN in grams
was found to be 6.45, 23.62, and 21.78 g at 973, 1,073, and
1,173 K, respectively.

Table 2: EDS analysis of areas shown in Figure 9 for composites formed
in-situ by bubbling ammonia gas for 973 K, 70 min, and flow rate of
0.1 LPM

Area Composition in At% Phase

A Mg = 89.41 (Mg)
Al = 10.59

B Mg = 64.96 γ-(Mg, Al)
Al = 35.04

C N = 29.75 AlN-rich region
Mg = 17.10
Al = 53.14

D N = 28.43 AlN-rich region
Mg = 17.41
Al = 54.16

E N = 27.89 AlN-rich region
Mg = 16.89
Al = 55.22
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3.5 Rate of AlN formation (RAlN) in Mg-Al
alloy/AlN composites

The rate of formation AlN (RAlN) in Mg alloy/AlN compo-
sites for a bubbling time of 70 min and a gas flow rate of 0.1
LPM was calculated as a function of temperature. Table 3
shows the calculated results. The overall rate of AlN for-
mation, RAlN, is found to be 0.34 g·min−1 at 1,073 K in the Mg
alloy. This is slightly higher than that reported for the in-
situ formation of AlN in the aluminum alloy (Al–5wt% Si)
composites, which was 0.23 g·min−1 [38]. In our previous
study, it was concluded that diffusion of nitrogen atoms
in the liquid boundary layer is assumed to be the rate-
controlling step for forming AlN in the Al alloy melts using
ammonia as the gaseous precursor [38]. The increase in the
rate of formation of AlN in this study may be due to the
catalytic effect of Mg promoting the nitridation of Al to AlN.

The activation energy of reaction (Ea) was determined
using the Arrhenius relationship shown in equation (3):

=
−

R Ae ,
E

AlN RT

a (3)

where RAlN is the rate of AlN formation, A is a rate con-
stant, Ea is the activation energy, R is the gas constant, and
T is the temperature. From equation (3), we obtain

= −R A
E

RT
ln ln .AlN

a (4)

The experiments conducted at 973, 1,073, and 1,173 K
were used to determine the activation energy. The ln RAlN
vs 1/T plot is presented in Figure 13. The representative
error bars in Figure 13 are in the same range as shown
in Figures 3 and 11. It was found that

( ) = −R
T

ln 5.1701
7165.2

,AlN
(5)

and Ea was calculated to be 59.57 kJ. This is higher than the
reported activation energy of 28.72 kJ for the in-situ forma-
tion of AlN in the aluminum alloy (Al–5 wt% Si) composites
bubbling with ammonia gas [38]. They concluded that the
rate-controlling step for the formation of AlN from
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Figure 11: Effect of temperature on the percentage AlN yield in Mg alloy/
AlN composites (experimental conditions: 70 min, 0.1 LPM).
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Table 3: Rate of AlN formation (RAlN) as a function of temperature of Mg
alloy/AlN composites (experimental conditions: 70 min, 0.1 LPM)

Exp no. T (K) AlN
(wt%)

Weight of AlN
formed (g)

RAlN
(g·min−1)

1 973 6.47 6.45 0.09
2 1,073 29.65 23.62 0.34
3 1,173 27.43 21.78 0.31
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Figure 13: Effect of temperature on the rate of AlN formation in Mg
alloy/AlN composites (experimental conditions: 70 min, 0.1 LPM).
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bubbling ammonia is the diffusion of nitrogen atoms in
the liquid boundary layer. For the in-situ formation of
Al–Si–SiC composite bubbling with CH4 gas [46], it was
found that the activation energy was 92 kJ for the tempera-
ture range of 1,373–1,573 K, and they concluded that it is a
mixed regime where both control the rate of the reaction:
nucleation at the interface and diffusion. In the present
study, the Mg–Al–AlN composite bubbling with ammonia
gas, the magnitude of activation energy indicates that the
reaction proceeds in the mixed regime with control of both
nucleation at the interface and diffusion. As discussed
above (Figures 5, 9 and 10), the particle-solidification front
was observed. From these, it becomes apparent that the
AlN particles segregate to interdendritic regions at lower
bubbling times and also at lower temperatures. The AlN
particle appears to be surrounded by γ-(Mg, Al) interme-
tallic phase. Further studies are needed to fully understand
the AlN particle interactions with the γ-(Mg, Al) interme-
tallic phase.

3.6 Effect of AlN formation on the hardness
of the Mg alloy composites

The Rockwell hardness of the bulk Mg alloy/AlN compo-
sites was measured. The Rockwell hardness testing was
conducted by using the “N” Brale indenter with a load of
30 kgf. The hardness value, HR30N, was directly read from
the Rockwell scale. Figure 14 shows the plot of HR30N
values vs AlN wt%. Each hardness measurements were
made 3–5 repetitions, and average values and deviation

are shown in Figure 14. The HR30N value at 0 wt% of AlN
is for Mg alloy without ammonia gas bubbling. The HR30N
values at 6.4, 14.8, and 27.43 wt% of AlN formation in Mg
alloy/AlN composites with 15-, 45-, and 70-min bubbling
time at 1,173 K and a gas flow rate of 0.1 LPM. It can be
seen from Figure 14 that the hardness values of in-situ
composites were higher than the un-reinforced Mg alloy,
and the hardness values increased with an increase in the
AlN wt% in the Mg alloy composites.

4 Conclusions

The AlN-reinforced MgMMCs are feasible to form using the
in-situ gas bubbling method. Using ammonia led to the
formation of AlN in the entire melt at the 0.1 LPM of the
ammonia gas flow rate with a bubbling time of up to
70 min and temperatures from 973 to 1,173 K. The AlN for-
mation in the composite increased with increasing bub-
bling time. The average AlN weight percentage formed in
the composite was 6.4, 14.8, and 27.43% for the corre-
sponding bubbling time of 15, 45, and 70min, respectively.
The rate of AlN formation was found to be 0.34 g·min−1

at 1,073 K. The optical micrograph analysis showed the
gray matrix of the (Mg) phase, the white phase of γ-(Mg,
Al), and the black AlN particles which are distributed
throughout the alloy. The XRD results showed that the
composite formed in-situ was composed of (Mg), interme-
tallic γ-(Mg, Al), and AlN phases. The size of the AlN crystal-
lites increases with an increase in bubbling time. An
average AlN crystallite size calculated from XRD patterns
was 1.30 nm at 15 min, 2.03 nm at 45 min, and 3.40 nm at
70 min of ammonia bubbling time. Uniform dispersion of
AlN particles was observed at higher bubbling time, while
at lower bubbling time agglomeration of AlN particles was
observed.

The effect of temperature on AlN formation was stu-
died. The average yield of AlN (wt%) was 6.47, 29.65, and
27.43 at 973, 1,073, and 1,173 K, respectively. An activation
energy of 59.57 kJ was determined for the nitridation pro-
cess. The magnitude of activation energy indicates that the
reaction proceeds in the mixed regime with control of both
nucleation at the interface and diffusion. The particle-soli-
dification front was observed at low temperature and
lower bubbling time, and the AlN particle appears to be
surrounded by the γ-(Mg, Al) intermetallic phase. The
Rockwell hardness values of in-situ Mg alloy composites
were higher than the un-reinforced Mg alloy, and the hard-
ness values increased with an increase in the AlN wt% in
the Mg alloy composites.
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Figure 14: Rockwell hardness values as a function of AlN wt% in Mg
alloy/AlN composites (experimental conditions: 1,173 K, 0.1 LPM).
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