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Effects of pack composition on the formation

of aluminide coatings on alloy steels at 650◦C
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This is a detailed study aimed to understand the effects of pack composition on the
formation and growth of aluminide coatings on alloy steels by pack aluminisation at 650◦C,
a temperature below the melting point of Al (660◦C), using pack powders consisting of Al as
depositing source, a halide salt as an activator and Al2O3 as inert filler. The packs activated
by AlCl3, NH4Cl, AlF3 and NH4F were used to investigate the effects of the type of halide salt
on the coating formation and growth process and subsequently to identify the most
suitable activator for pack aluminising alloy steels at 650◦C. The effects of pack Al content
on the rate of coating growth were then studied by varying the pack Al content from 1.4
wt% to 10 wt% whilst fixing the pack activator content at 2 wt%. It was observed that among
the halide salts studied, AlCl3 is the only suitable activator for pack aluminising alloy steels
at 650◦C and the rate of coating growth increases with the pack Al content. The equilibrium
partial pressures of vapour species generated at the deposition temperature in packs
activated by different types of halide salts were calculated and the results were discussed in
relation to the observed deposition tendency of packs activated by different types of
activators. A vapour phase transportation model was applied to elucidate the relationship
between the rate of coating growth and the pack Al content. It was also demonstrated that
by combining the low temperature pack aluminising parameters identified in this study with
electroless or electro Ni plating, coherent nickel aluminide coatings free of microcracking
can be produced on alloy steels at 650◦C. C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Cost effective materials capable of long-term operation
in high pressure steam at or above 650◦C are required to
further increase the thermal efficiency of steam turbine
powder plants and consequently reduce the level of gas
emissions from them without incurring a significantly
higher additional cost. There has been steady progress
in the past two decades in improving the high temper-
ature mechanical strength and creep/fatigue resistance
of alloy steels containing typically 9–12 wt% Cr and 1
wt% Mo through alloy composition modification and
microstructure control [1, 2]. However, due to relatively
low Cr content, these types of steels oxidise and cor-
rode readily in high temperature steam environment.
One of obvious ways to enhance the high temperature
steam oxidation resistance of these types of alloy steels
while preserving their mechanical properties is to de-
posit a protective surface coating that can effectively
insulate the bulk steel from the high temperature steam
environment. Recent studies [3, 4] have shown that al-
loy coatings such as FeAl, FeCrAl and NiAl, which
are capable of forming a stable Al2O3 scale at high
temperatures, are promising coating candidates. These
types of alloy coatings are normally deposited by using
thermal spray processes such as high velocity oxy-fuel
process (HVOF) [3], which are line-of-sight by nature
and hence difficult to be applied to coat components

of complex geometries. Another approach is to chem-
ically modify the steel surface by enriching it with Al
to form aluminide intermetallic compounds. This can
be accomplished by pack aluminisation, which is a low
cost thermochemical surface treatment process without
any line-of-sight restrictions. It is a process convention-
ally used to aluminise nickel base superalloys [5–7]. In-
deed, a number of investigators have used the pack pro-
cess to aluminise alloy steels and studied the oxidation
resistance of the coatings so formed [8, 9]. However,
this process requires thermal activation. And as a con-
sequence, in nearly all these studies, the temperatures
used to perform the pack process was at or above 800◦C,
which could fatally degrade the mechanical properties
of the alloy steels [2]. To avoid such degradation, pack
process needs to be carried out at temperatures below
700◦C. A recent study [10] had shown that with a care-
fully chosen halide salt as an activator, the pack pro-
cess could indeed be applied to aluminise alloy steels
at temperatures below 700◦C. It was also observed that
the coating formation kinetics was strongly influenced
by pack composition. This study aims to understand the
effects of pack composition on the aluminide coating
formation process and to establish conditions suitable
for the stable growth of aluminide coatings at 650◦C
on the commercial P92 steel containing 9 wt% Cr and
1 wt% Mo. The processing parameters identified were
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subsequently applied to demonstrate the viability of
forming nickel aluminide coatings on the alloy steel by
a two-step process of electroless Ni plating followed by
pack aluminising at 650◦C.

2. Experimental procedures
The commercial P92 steel (Fe-9Cr-1.0Mo-0.1C) was
cut to a dimension of approximately 20 × 10 × 2 mm
and then manually ground using SiC abrasive paper to
a 600-grade finish. The specimens were then degreased
with organic solvent and weighed using an electronic
balance (Sartorius MC 210 S). The specimens so pre-
pared were then ready for pack aluminising.

Chemicals used for pack aluminising were powders
of Al, Al2O3, AlCl3, NH4Cl, AlF3 and NH4F. The aver-
age particle sizes of Al and Al2O3 powders were 75 and
50 µm respectively. Powders of the halide salts were
prepared by manual grinding with a mortar and pestle,
but were not sieved.

An in-pack process was used to aluminise the speci-
mens [6]. Briefly, the specimens were buried in the pack
powder mixture, which was charged into a cylindrical
alumina crucible of 30 mm diameter and 40 mm length.
The crucible was then sealed with an alumina lid and
cement, which was cured in an oven at temperatures
up to 80◦C. The whole pack was loaded into a tube
furnace, which was subsequently circulated with argon
and heated to and held at 150◦C for about 1 h to further
cure the cement. The furnace was then heated to 650◦C
at 10 K/min. After dwelling at this temperature for a
required duration, it was cooled to room temperature at
its natural rate by switching off its power supply while
maintaining the argon gas flow. The weight gains in
mg/cm2 of the coated specimens were calculated from
the specimen weight measured before and after alumin-
ising and the surface area of specimens.

Scanning electron microscopy (SEM) (Hitachi S-
2400) with energy dispersive spectroscopy (EDS) was
used to analyse the cross-sectional microstructure and
chemical composition of the specimens. X-ray diffrac-
tion (XRD) (Siemens D5000 diffractometer with Cu-
Kα source radiation) was used to identify phases
formed in the surface layer of the coatings. The coat-
ing thickness was estimated from the Al depth profile
measured by EDS.

3. Results
3.1. Effects of different activators
The packs containing 4 wt% Al, 2 wt% Halide salt (=
AlCl3, AlF3, NH4Cl and NH4F) and 94 wt% Al2O3
were used to carried out the initial series of aluminis-
ing experiments to identify the most suitable activator
for pack aluminising the steel at 650◦C. The deposi-
tion time used in all these experiments was 8 h. After
the pack deposition process, the specimen weight gains
were measured and the phases in the surface layer were
determined by XRD. Table I summaries the results ob-
tained. The results show clearly that the specimen’s
weight gain in the AlCl3 activated pack was far higher
than those in packs activated by all other halide salts.

TABLE I Weight gains and phases in the surface layer of the coatings
formed at 650◦C for 8 h

Activator Weight gain (mg/cm2) Phase in surface layer

AlCl3 5.4 Fe14Al86

AlF3 2.2 Fe2Al5, AlF3

NH4F 0.9 Fe2Al5, AlF3

NH4Cl −2.7 Fe2Al5

The specimen aluminised in the NH4Cl activated pack
actually showed an significant weight loss. These re-
sults suggest that among the halide salts studied, AlCl3
is the most suitable activator for pack aluminising the
steel at 650◦C.

Although the specimen incurred a weight loss after
aluminising in the NH4Cl activated pack, XRD mea-
surement showed that the major phase in the surface of
this specimen was Fe2Al5, indicating that the surface
was enriched with significant amount of Al. Thus, two
competing processes took place simultaneously during
aluminising in the NH4Cl activated pack, one being the
formation and another the dissolution of the coating
layer. This is consistent with the results of other in-
vestigators who observed that the latter process could
be particular severe at longer deposition times in a flu-
idised bed reactor activated by NH4Cl [11].

A significant feature for the specimens aluminised in
the NH4F and AlF3 activated packs was the presence of
the AlF3 phase in the surface layer of the specimen as
detected by XRD. Fig. 1 presents a XRD pattern for the
specimen aluminised in the NH4F activated pack (for
the specimen aluminised in the AlF3 activated pack, it
showed almost identical features). It shows strong AlF3
diffraction peaks, revealing that considerable amount
of the AlF3 phase was present in the specimen sur-
face layer. This was later confirmed by the results of
SEM/EDS analysis on the cross section of these speci-
mens (see Section 3.2.3), which showed that there was
indeed a relatively thick, but not uniform, AlF3 layer
on the specimen surface. AlF3 was one of the products
of the reactions between Al and NH4F at the deposition
temperature. The formation of this solid phase in the
substrate surface is a strong indication that AlF3 is not
a depositing species responsible for releasing Al at the
substrate surface in the pack aluminising process.

For the specimen aluminised in the AlCl3 activated
pack, the as-coated surface was very smooth with a
light-grey metallic appearance without any entrapped
pack particles. These are the typical features suggesting
that the coating was formed predominantly through the
inward Al diffusion. The major phase in surface layer
as determined by XRD was Fe14Al86.

3.2. Microstructure of the coatings
3.2.1. Coatings formed in the AlCl3 pack
Fig. 2 presents the cross-sectional SEM image and el-
ement depth profiles measured by EDS in the coating.
On appearance, it shows a single layer coating with a
uniform thickness of approximately 33 µm. However,
as revealed in Fig. 3, the atomic Al/Fe ratio in the coat-
ing decreased from about 11 at the surface to about 3 at
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Figure 1 XRD pattern measured from the as-coated surface aluminised in the NH4F activated pack at 650◦C for 8 h.

Figure 2 Cross-sectional SEM image and element depth profiles in the
coating formed in the AlCl3 activated pack.

a depth of 8 µm and then remained almost constant at
depths beyond 8 µm, indicating that the coating con-
sisted of two phase layers: an outer Al rich Fe14Al86
layer and an inner FeAl3 layer. It is also clear that there
was an abrupt interface between the coating and sub-
strate at which the Al concentration dropped suddenly
to essentially zero. This is a typical feature signifying
that the coating was formed via a reaction-diffusion
controlled mechanism.

Figure 3 Al/Fe atomic ratio as a function of coating depth for a coating
formed in the AlCl3 activated pack at 650◦C for 8 h.

3.2.2. Surface aluminised in the NH4Cl pack
As shown in Table I, the major phase present in the sur-
face layer of the specimen aluminised in the NH4Cl
pack was Fe2Al5 despite the fact that the specimen
showed a significant weight loss after aluminising treat-
ment. Fig. 4 presents the cross-sectional microstructure
and element concentration profiles in the surface layer
of the specimen. It shows that the coating was not uni-
form. The thickest part was only about 8 µm and the
thinnest part 1–2 µm. However, it can be seen that the
Al and Fe concentrations across the coating depth were
essentially constant with an atomic Al/Fe ratio close to
2.5, indicating a Fe2Al5 phase, which is consistent with
the XRD result (Table I).

3.2.3. Surface aluminised in the AlF3
and NH4F pack

The surface microstructures at the cross-section were
very similar for the specimens aluminised in both AlF3
and NH4F activated packs. Fig. 5 shows the microstruc-
ture and element concentration profiles at the cross sec-
tion of a specimen aluminised in the NH4F activated
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Figure 4 Cross-sectional SEM image and element depth profiles in the
surface layer of the specimen aluminised in the NH4Cl pack.

pack. It is clear that there were two layers in the sur-
face. The top layer was AlF3 with irregular features in
thickness. No substrate elements could be detected in
this layer by EDS. Underneath the top layer was a thin
layer of diffusion coating with a thickness of about 1–2
µm. The element concentration profiles measured in
this thin diffusion coating layer revealed that it was es-
sentially a Fe2Al5 coating. These results are consistent
with those determined by XRD (Table I).

3.3. Effect of Al content on coating growth
The results presented in the preceding sections sug-
gest that among the halide salts studied, AlCl3 is the
only suitable activator for pack aluminising the steel
at 650◦C. Thus, a series of experiments were subse-
quently undertaken to investigate the effect of pack Al
content on the coating growth kinetics in the AlCl3 ac-
tivated packs by varying the Al content from 1.4 wt%
to 10 wt% while keeping the pack AlCl3 content con-
stant at 2 wt%. All the specimens were aluminised at
650◦C for 8 h. After this thermochemical treatment,
they were cross-sectioned and the Al depth profiles in
the coatings were measured using EDS. Fig. 6 presents
the typical results obtained. It shows that the coating
thickness increased with the pack Al content, suggest-
ing that the rate of coating growth increased with the

Figure 5 Cross-sectional SEM image and element depth profiles in the
surface layer of the specimen aluminised in the NH4F pack.

Figure 6 Al depth profiles in the coating layers formed at 650◦C for 8 h
in the AlCl3 activated packs of different Al content.

pack Al content. This effect is further illustrated in
Fig. 7 by plotting the coating thickness as a function
of pack Al content. It shows clearly that the coating
thickness increased from about 19 µm to 53 µm as the
pack Al content increased from 1.4 to 10 wt%. Fig. 6
also shows that within the error of the measurement, Al
concentration at the surface and characteristics of Al
depth profile in the coatings formed in packs of differ-
ing Al content remained essentially unaffected by the
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Figure 7 Effect of pack Al content on growth of coating thickness at
650◦C.

pack Al content. The microstructure of all the coatings
were also of essentially the same features as in Fig. 2,
indicating that all the coatings were formed via essen-
tially the same mechanism. The phase in the surface
layer of all the coatings also remained to be Fe14Al86
as determined by XRD. Thus, pack Al content only af-
fected the growth rate of the coating. This effect can be
conveniently applied in coating deposition practice to
control the coating growth rate or the coating thickness
under a set of specified deposition conditions. Never-
theless, more development work is needed to determine
whether there is a pack Al content limit at which the
coating growth rate reaches a plateau.

4. Discussions
4.1. Effects of activators
The common approach pursued to understand the de-
position tendency and kinetics of coating formation in
the packs activated by different types of halide salts
is through thermochemical calculations of partial pres-
sures of different vapour species generated at high tem-
peratures [12–15]. Such calculations were attempted
by a number of investigators to correlate the observed
coating growth kinetics to pack compositions [13–15].
For aluminising packs, the vapour species normally in-
cluded in these calculations were aluminium fluorides
or chlorides AlX3, Al2X6, AlX2 and AlX (X = F or
Cl). More recently, it has been pointed out that among
these vapour species, only AlX is directly responsible
for depositing Al on the substrate surface [5, 6]. Thus,
for packs of comparable compositions, the activating
strength of different types of halide salts and hence the
depositing power of packs can be characterised by the
partial pressure of the AlX vapour species (PAlX) gen-
erated at different temperatures. A higher value of PAlX
is expected to induce a higher rate of coating growth.
Fig. 8 compares the calculated PAlX values in the tem-
perature rang of 600 to 800◦C for packs of composition
4Al-2Halide salt(= AlCl3, NH4Cl, NH4F and AlF3)-
94Al2O3 (wt%). The techniques and procedures used
to perform these calculations were the same as reported
previously [5, 16]. The results in Fig. 8 suggest that
the activating strength of NH4Cl is the highest among

Figure 8 Comparison of the equilibrium PAlX in packs activated by
different types of halide salts.

halide salts studied and NH4F and AlF3 and AlCl3 pos-
sess almost equal activating strength at 650◦C. Thus, the
coating growth rate in the NH4Cl activated packs is ex-
pected to be the highest and those in the NH4F, AlF3 and
AlCl3 activated packs should be about the same. These
theoretical predictions differ substantially from the ex-
perimental results presented in the preceding sections,
which showed that among these salts, AlCl3 is the only
activator suitable for pack aluminising the alloy steel at
650◦C and stable growth of the diffusion coating on the
steel surface is not achievable in the NH4Cl, NH4F and
AlF3 activated packs at 650◦C. However, it is impor-
tant to keep in mind that NH4Cl, NH4F and AlF3 are
far more effective activators than AlCl3 at temperatures
higher than 800◦C and are often used to pack aluminise
steels or nickel base superalloys at these temperatures
[14, 17].

The discrepancies between the theoretical analyses
and experimental observations on the deposition ten-
dencies can be attributed to the specific adverse pro-
cesses taking place at the steel surface that disrupted
the coating formation and growth process in packs acti-
vated by different types of halide salts at 650◦C. In the
NH4Cl activated pack, the experimental results sug-
gested that two opposite processes, i.e. coating for-
mation and dissolution, took place simultaneously at
the substrate surface. Only a thin layer of Fe2Al5 was
present on the specimen surface after aluminising at
650◦C for 8 h, during which the specimen showed
a weight loss of 2.7 wt%, indicating that the coat-
ing growth rate in the NH4Cl activated pack was only
marginally higher than the dissolution rate at 650◦C.
The specimen also showed a weight loss of about 3 wt%
after aluminising in the same pack at 650◦C for only 1 h.
Thus, coating dissolution resulting in a substrate weight
loss is a typical feature of aluminising steels in the
NH4Cl activated pack at 650◦C. It is probably caused by
the corrosive HCl vapour species generated in the pack
at high temperatures. Fig. 9 shows the results of a full
analysis of the major vapour species generated in the
NH4Cl activated pack in the temperature rang of 600◦C
to 800◦C. It shows that the partial pressure of HCl is
significantly higher than that of AlCl2, although it is
much lower than that of AlCl. The most predominant
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Figure 9 Equilibrium partial pressures of the major vapour species in
the 4Al-2NH4Cl-94Al2O3 (wt%) pack.

vapour species in the NH4Cl activated pack are H2
and AlCl3. However, AlCl3 is not a vapour species re-
sponsible for releasing or depositing Al at the substrate
surface.

The process that disrupted coating formation and
growth in the NH4F or AlF3 activated packs at 650◦C
differs fundamentally from that in the NH4Cl activated
pack. The evidences shown in Figs 1 and 5 clearly sug-
gest that it was caused by the formation of the solid AlF3
phase on the substrate surface. This solid AlF3 layer
insulated the substrate surface from the pack vapours
containing the AlF species, which is responsible for de-
positing Al on the substrate surface, and hence hindered
the coating growth process. AlF3 is one of the reaction
products at high temperatures in packs activated by flu-
oride salts. Fig. 10 presents the calculated partial pres-
sures of the major vapour species in the NH4F activated
pack. The results for the AlF3 activated pack is simi-
lar, except that it does not contain H2 and HF vapour
species. It is interesting to note that the calculated par-
tial pressure of AlF3 is significantly lower than that of
AlF in the pack. However, unlike AlF, which can exist
only in the vapour phase, AlF3 has a melting point of
1291◦C and can exist both in the vapour phase and in
the solid phase at 650◦C. The formation of the solid
AlF3 phase on the substrate surface may be regarded as
a direct experimental evidence proving that the gaseous

Figure 10 Equilibrium partial pressures of the major vapour species in
the 4Al-2NH4F-94Al2O3 (wt%) pack.

AlF3 is not responsible for depositing Al on the sub-
strate surface in the pack aluminising process.

4.2. Effects of pack Al content
Figs 6 and 7 clearly illustrate that in the AlCl3 activated
packs, coating thickness increased from 19 to 53 µm
as pack Al content was increased from 1.4 to 10 wt%
whilst all other deposition parameters were kept con-
stant. They also demonstrate that the pack Al content
affected neither the Al concentration at the coating sur-
face nor the characteristics of the Al depth profile in the
coatings formed in packs containing different amount
of Al. Thus, the pack Al content changed the coating’s
growth rate, but not its formation mechanism. These
findings are consistent with the observations made pre-
viously by the present and other investigators for nickel-
base superalloys and carbon steels [6, 9], which also
showed that the coating thickness and hence coating
growth rate increased with the pack Al content when
other deposition conditions remained constant. A num-
ber of investigators [13–15], Levine and Caves in par-
ticular [13], had attempted to develop analytical models
to predict the effects of pack composition on the kinet-
ics of coating growth in the pack aluminising process,
which was observed to be parabolic in feature. These
analyses were normally based on observation that there
always existed an Al depletion zone in the pack powders
surrounding the substrate. It was thus assumed accord-
ingly that the coating growth rate is controlled by the
vapour phase transport of aluminium halides from the
bulk pack through the depletion zone to the substrate
surface. It can then be shown [13, 14] that the rela-
tionship between the amount of Al deposited (m) and
deposition time (t) is:

m = kt1/2 (1)

k =
(

2ρεM

l RT

∑
Di(pi − pi0)

)1/2

(2)

where ε and l are correction factors for pack porosity
and pore length, ρ pack Al concentration in g/cm3, M
atomic weight of Al, R the gas constant, T the absolute
temperature, Di the diffusivity of the vapour species in
pack, pi and pi0 are the partial pressures of the vapour
species in the bulk pack and at the coating surface. For
coatings of the same microstructure, the relationship
between coating thickness (h) and the amount of Al
deposited (m) has been shown to be linear [6, 10]. Thus,
Equation 1 can be written as:

h = C1kt1/2 (3)

where C1 is a constant. For packs of a specified activa-
tor and other ingredients and under constant deposition
conditions, by combining Equations 2 and 3, it can be
easily shown that the relationship between the coating
thickness (h) and pack Al content in weight percent
(W ) would be

h = CW1/2 (4)
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Figure 11 A plot of h against W 1/2.

where C is a constant. Thus, a plot of h against W 1/2

should be a straight line. Fig. 11 shows such a plot. It
confirms that the relationship between h and W 1/2 is
indeed linear. The straight line in Fig. 11 is the least
squares fit to the data points, which gives

h = 17.4 W 1/2 − 3.0 (5)

It is noted that when W = 0, h = −3 µm, which can
be regarded as a small deviation from 0 attributable
to experimental error. Thus, there appears a good
agreement between theoretical analysis and experi-
mental observations, which seems to support the hy-
pothesis that the vapour phase transport determines
the rate of coating growth in the pack aluminising
process.

4.3. Formation of novel coatings on steels
below 700◦C

The results presented in the preceding sections confirm
that it is technically feasible to pack aluminise alloy
steels at temperatures below 700◦C by carefully choos-
ing a suitable halide salt as an activator. It is anticipated
that the processing parameters identified can be applied
to produce novel diffusion coatings on steels at these
low temperatures. One of such coatings is the nickel alu-
minide compound Ni2Al3 or NiAl, which has proved to
be resistant against high temperature steam oxidation
and thus can protect alloy steels operating in a high
temperature steam environment. With the low temper-
ature aluminising parameters identified in this study, it
is considered that such coatings can be relatively easily
formed on steels by a two step process of firstly elec-
troless or electro Ni plating and then pack aluminising
at 650◦C. To confirm the viability of such an approach,
the alloy steel substrate was firstly plated with a layer
of electroless Ni, which contained a trace amount of B,
but no P. The specimen was then pack aluminised at
650◦C for 8 h using packs containing 4 wt% Al and 2
wt% AlCl3 or NH4Cl and 96. wt% Al2O3. It was ob-
served that the microstructure was similar for coatings
formed in both AlCl3 and NH4Cl packs and there was
no evidence of coating dissolution in the NH4Cl pack as
occurred when aluminising the un-plated steel at 650◦C

Figure 12 Cross-sectional SEM image and element concentration pro-
files in a coating formed on an alloy steel by a combination of electroless
Ni plating and pack aluminising at 650◦C.

(Section 3.1). Fig. 12 presents the cross-sectional mi-
crostructure and element concentration profiles for a
coating produced in the NH4Cl activated pack. It shows
a coherent coating consisting of an outer Ni2Al3 layer
(16 µm) and an inner Fe2Al5 layer (17 µm) with no
spallation or microcracking. The XRD measurement
from the as-coated surface confirmed that the phase in
the outer layer was Ni2Al3.

It has thus been demonstrated that the approach out-
lined for producing nickel aluminide coatings on steels
at temperatures below 700◦C is indeed technically vi-
able. It can also be easily demonstrated that the mi-
crostructure of the coatings produced by the demon-
strated process need not to be limited to the one shown
in Fig. 12. Instead, it can be made to consist of an outer
Ni2Al3 layer and an inner Ni layer by varying the initial
Ni plating thickness and/or adjusting the pack alumin-
ising parameters. Further research is in progress to in-
vestigate the growth kinetics of this type of coatings in
packs of varying compositions and the corresponding
microstructures of the coatings formed.

5. Conclusions
1. Among the halide salts studied (AlCl3, NH4Cl,

AlF3 and NH4F), AlCl3 is the only suitable activator for
inducing stable growth of aluminide coatings on alloy
steels at 650◦C. Formation of the solid AlF3 phase on
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the substrate surface hinders the coating growth process
in the AlF3 or NH4F activated packs at 650◦C whereas
simultaneous processes of coating formation and dis-
solution destabilise the coating growth process in the
NH4Cl activated pack at 650◦C.

2. With the AlCl3 activated packs, coatings form at
650◦C through an inward Al reaction-diffusion mech-
anism. Increase in the pack Al content would increase
the rate of coating growth, but would not affect the level
of Al concentration at the surface or characteristics of
the Al depth profile in the coating layer or the formation
mechanism of the coatings.

3. It is technically feasible to form nickel aluminide
coatings on alloy steels at temperatures below 700◦C
using a two step process of electroless or electro Ni
plating followed by pack aluminising.
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