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Nanolayer of gold is obtained by the method of physical vapour deposition
as a thermal barrier on a nickel-base superalloy. The effect of this layer
on the aluminizing process and the efficiency for hot-corrosion resistance
is studied by comparing two sets of samples: the first set, which is con-
tained of the gold layer, while the second set is aluminized without this
layer. The aluminizing process is carried out for both sets, using the pack-
cementation method at a temperature of 1000°C. The samples coated with
nanogold show a different behaviour from those samples, which are alu-
minized only, where the use of nanogold oxide improves the alloy ability
to withstand hot-corrosion conditions.

Hanommap 3os0Ta 6yJio ofiep:KaHo MeTOqOM (Di3MUHOTO OCa:KeHHSA 3 IMapoBOi
(asu Ak TemoBuit 6ap'ep Ha HiKJIEBOMY cymepcTolmi. Biius 1mporo mapy Ha
ImpoIllec aJdOMiHyBaHHA W e()eKTUBHICTH CTIMKOCTH OO rapsadoi Koposii 6yJo
JOCJIII}KEeHO IILJISXOM IIOPiBHAHHS MBOX HAOOpPiB 3paskiB: mepinumit HAGip Mi-
CTHB IIIap 30JI0Ta, a Apyruii Habip OyB aJOMiHOBaHMU 0e3 IILOTO IIapy.
IIpomec amomMiHyBaHHSA IMPOBOAUBCA IJA 000X HaOOPiB METONOM MaKyBaJb-
HOl nemeHTarnii 3a Temmneparypu y 1000°C. 3pasku, HOKpUTi HaAHO30J0TOM,
IEeMOHCTPYBaJI iHIITy HMOBEAiHKY, Hi)K Ti, 1o OyJyim JiuIe ajilOMiHOBaHi, ne
BUKOPUCTAHHA HAHOOKCHUAY AypyMy MNOJINOINIO 3ZATHICTH CTOIY BUTPUMY-
BaTH YMOBH rapA4oi Kopoaii.
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1. INTRODUCTION

Diffusion coatings were developed firstly and are used primarily to
enrich the surface of the superalloy with aluminium. These coatings
proved very successful and in the early to mid-1960s, this coating
technique was applied to turbine blades made of nickel alloys [1-3].
There are a number of methods of forming aluminide coatings such
as slurry spraying followed by high temperature diffusion, electroly-
sis and pack cementation. Of all these methods, pack cementation is
the one widely used, as it is inexpensive and ideally suited for coat-
ing small components [4—6]. Despite the mentioned features, the dif-
fusion of Ni from the superalloy and that of Al from the overlay
causes, however, structural changes capable of causing spall off of
the protecting layer [7]. Diffusion barrier coating systems have ex-
cellent mechanical properties (creep and fatigue), improving alloy
substrate performance, and enhance the anti-exfoliation properties of
YSZ in thermal barrier coatings (TBC) in addition to providing excel-
lent oxidation resistance [8]. Adding a layer of yttrium oxide (Y,0;)
to the alloy Fe—30 Cr before the aluminizing process improves its re-
sistance to oxidation, as the yttrium oxide layer acts as a diffusion
barrier that prevents the spread of aluminium from the coating layer
into the alloy and preventing the spread of the alloy elements out-
ward. The concentration of the element yttrium has an effect on the
properties of the coating resulting from the aluminizing process,
small amounts of it act as nucleation sites that impede the growth of
granules, while adding large amounts of it leads to delaying the
phase transformation 0-Al,0; — a-Al,O; [9]. The diffusion barrier
may partially prevent the interdiffusion of the alloy elements, thus
improving the oxidation resistance of thermal barrier coatings
(TBCs), where the content of aluminium and chromium was higher,
while the rest of the alloy elements were lower in the mixture coat-
ing material for the sample with the diffusion barrier compared to
the one without the barrier [10]. In this research, adding a nanogold
layer as a thermal barrier to a nickel-based alloy and study the effect
of that layer on the aluminizing process and efficiency of hot corro-
sion for the BV-18 nickel-based superalloy. The resulting coatings
were analysed quantitatively and qualitatively for both types of coat-
ing using x-ray spectroscopy (XRD), (SEM), and (EDX) techniques to
determine the compounds that make up the coating and their phases.

2. EXPERIMENTAL METHODS
2.1. Materials

In this study, the superalloy BV-18 is used, which is one of the
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blades of turbine engines used in gas stations to generate electrical
power; its quantitative and qualitative specifications are shown in
Table 1.

2.2, Coating Processes

In this study, two types of coating techniques are used.

2.2.1. Pack Cementation

Aluminizing is performed in a tube furnace under vacuum, which is
maintained throughout the process (heating, holding, and cooling).

The cementation process was carried out for all prepared samples
and for the superalloy BV-18 using a mixture of aluminium powder
30% as the coating material, aluminium oxide (alumina) 66% as a
material that helps prevent agglomeration of the mixture, and am-
monium chloride powder. With a percentage of 4% as an activating
material, the mixture is placed after good mixing inside the pod
gradually, while placing the samples to be coated in it. The pod is
closed and placed inside a vacuum oven according to Fig. 1.

The temperature of the oven is set at the required degree 1000°C.
Cementing takes place for a period of 6 hours, and after the comple-
tion of the coating process, the samples are cooled inside the oven
until the temperature (of 200°C) reaches, while continuing to oper-
ate the vacuum device. Then, the samples are taken out, cleaned,
then weighed and stored well until tests are conducted on them.

TABLE 1. Composition [wt.%] of superalloy BV-18 used in the experi-
ments.

Element | Ni | Cr | Ti [ Co [Mo]| Al | ¢ [ si | s
wt.%  balance 17.85 4.15 5.31 2.28 10.53 8.79 4.99 3.57

/
Electrical [ R : {Rotary pump
furnace 4

Mixture of samples | [Aluminia tube
and coating powder

Fig. 1. Schematic drawing of the coating system.
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Fig. 2. Q150R ES device used to deposit nanogold layer.

TABLE 2. Composition [wt.% ] of the coated superalloy BV-18.

Type of coating | Element | Al | Ni | Co | Cr | Au | Si | Mo
Single aluminizing wt.% 21.21 25.52 16.08 8.18 Non 0.42 0.66
Nanogold wt.% 24.00 12.62 3.01 2.32 1.99 0.76 0.00

2.2.2. Nanogold Layer Coating

There are different techniques for fixing the diffusion barrier ma-
terial on the surface of the sample, including chemical evaporation
(CVD) or physical (PVD) coating, laser coating, and others. In this
study, the sputtering coating technique was used. This method is
one of the physical evaporation (PVD) methods and is a widely used
technique. To deposit thin films, a nanogold layer was deposited on
some samples of the alloy BV-18 targeted in our study using a de-
vice (Q150R ES), the image of which is shown in Fig. 2. Sputter
target/disc style 57 mmx0.1 mm thick gold.

3. RESULTS AND DISCUSSION
3.1. Surface Morphology

The results were obtained after aluminizing the superalloy BV-18
with pack-cementation process through a single aluminizing process
and aluminizing in the presence of the nanogold at a temperature of
1000°C and for time period of 6 h. For each processing mode, single
set of parameter was used: high temperature with high Al activity
(HTHA).

The results of the analysis of the scanning electron microscopy
(SEM) shown in Fig. 3 for the two types of coatings showed a ho-
mogeneous spread of aluminium.

From spectroscopic analysis of the EDS (Figs. 4, 5), there are
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Fig. 3. Surface morphology of aluminizing with: a—single aluminizing;
b—nanogold.

Fig. 4. EDS for aluminizing coating for single aluminizing of BV-18 su-
peralloy at 1000°C for 6 h.
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Fig. 5. EDS for aluminizing coating in the presence of nanogold layer for
BV-18 superalloy at 1000°C for 6 h.

many peaks for the elements, including aluminium, nickel and co-
balt, and the highest intensity of these peaks is the element alumin-
ium, which represents the basic element for the coating layer.

This is what appeared in the data of Table 3 for quantitative and
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TABLE 3. Average mass gain and average thickness of aluminized samples
by single aluminizing and nanogold for BV-18 superalloy for 6 h at 1000°C.

Type of coating Av. thickness of coating, pym | Mass gain, mg/cm?
Single aluminizing 350 48.63
Nanogold 358 40.57

TABLE 4. The phases are possible to form in single aluminizing coating.

Ref. Code Compound Name Chemical Formula
03-065-0672 Aluminium Cobalt AlCo
00-002-1261 Aluminium Nickel AINi
00-002-1239 Aluminium Chromium AlCr,
00-021-0008 Aluminium Nickel AlNig
00-038-1026 Aluminium Chromium AlgCry,
03-065-3454 Aluminium Nickel Al;Ni,
03-065-7336 Aluminium Chromium Al 955Cr 017
03-065-8530 Aluminium Molybdenum AlMog
00-042-1467 Cobalt Oxide Co;0,
00-032-0285 Chromium Oxide CrO,

TABLE 5. The phases are possible to form in aluminizing process in pres-
ence of nanogold layer.

Ref. Code | Compound Name Chemical Formula
03-065-8473 Aluminium Gold AlLLAu
01-075-1865 Aluminium Oxide Al O,
00-029-0021 Aluminium Cobalt AlCo
00-002-1261 Aluminium Nickel AINi
00-047-1410 Aluminium Titanium AlTi,
01-089-3697 Gold Au

qualitative analysis by the scanning electron device (EDS).

The percentage of aluminium and nickel is shown in Table 5. This
supports the analysis of XRD spectrum in obtaining the intermedi-
ate compounds of nickel-aluminium, as well as obtaining some in-
termediate compounds of cobalt—aluminium, with a weight ratio
[wt.% ] of cobalt.

3.2. Optical Microscopy Examination

The samples that were coated with single aluminium using the pack-
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Fig. 6. Microstructure of the samples coated with two types of aluminizing
coatings: (a) single aluminizing; (b) nanogold at temperature of 1000°C for
6 h.

cementations method showed the appearance of three areas of coat-
ing: the outer layer, the inner region and, interdiffusion zone,
which is a narrow area free of deposits. The cross-section of the
samples was photographed as shown in Fig. 6 for two types of coat-
ings (a—single aluminizing; b—nanogold). The thickness of coating
with single aluminizing and nanogold with mass gain value are
shown in Table 3.

The microscopic examination of the coating after 6 h showed the
presence of two regions, the outer region containing dark structures,
which may be secondary phases, and the inner region having light-
coloured structures, somewhat narrow and a little thick at the bot-
tom, i.e., the interdiffusion zone. This is known as the diffusive ex-
change zone. It is also noted that the microscopic structure of the re-
sulting coatings is characterized by the presence of more than one
phase in the coating layer, and the outer coating layer consists of
phases rich in aluminium.

3.3. XRD Analysis

It must be remembered that the alloy used in the research is nickel-
based, and its coating with aluminium leads to the formation of one
of the phases of intermediate compounds nickel-aluminium, and
this has already happened. The results of XRD analysis revealed
many complications in terms of the number of resulting phases, but
they confirmed the formation of the aluminium-rich phase Ni—Al
and Ni,Al; are mainly in the coatings produced after 6 hours this is
consistent with what was stated in Ref. [11] for high temperature—
high activity aluminize coating.

The results of the x-ray diffraction analysis of the coated sample
for a period of 6 hours, as was shown from the diffraction model in
Fig. 7, the appearance of peaks by returning to the phase diagrams
for both systems nickel-aluminium and aluminium—gold. In Figures
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Fig. 7. X-ray diffraction plot of a sample coated with: (a) single aluminiz-
ing; (b) nanogold at 1000°C for 6 hours.
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Fig. 8. Comparison of the results of X-ray analysis that are formed in a
single aluminizing coating for BV-18 superalloy at 1000°C for 6 h with
those stored in the X’Pert High Score Plus program.

8 and 9, we find that the phases are possible to form at this tem-
perature. Tables 4 and 5 show the phases, which are possible to
form in single aluminizing and with nanogold layer.

3.4. Hot-Corrosion Test

This test was conducted with the aim of identifying the resistance of
the single aluminized sample compared to the aluminized sample in
presence of nanogold layer for hot corrosion conditions, and the test
results have been shown by studying (the change of mass with time)
in salt vapour at 900°C. As shown in Fig. 10, the sample aluminized
with single aluminizing suffered some decreasing in mass in the first
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Fig. 9. Comparison of the results of x-ray analysis, which are obtained for
the aluminizing coating in the presence of nanogold layer for BV-18 su-
peralloy at 1000°C for 6 h, with those stored in the X’Pert High Score

Plus program.
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Fig. 10. Cyclic oxidation kinetics of single aluminizing coating and in
presence of nanogold layer in salt vapour at 900°C.

50 hours of exposure, while stability in mass was observed with alloy
that coated with nanogold layer before aluminizing process.

4. CONCLUSIONS

In this research, the effect of adding nanogold layer as a thermal
barrier on (aluminizing process and resisting hot corrosion) was
studied. It is indicated from the (Microscopic, XRD, SEM-EDS)
analysis that inward diffusion of Al and outward diffusion of Co,
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Ni and Cr have led to the formation of multilayer with different
phases, the addition of nanogold produce some different phases
such as Al,Au and stable alumina phase (Ref. Code 01-075-1865),
namely, o-Al,0;. By monitoring the weight loss and the data ob-
tained from the kinetics of oxidation, it was shown that the coating
in the presence of nanogold has the best resistance to hot corrosion
and had less change in mass during the test compared to single
aluminized, and the protective oxidation scale a-Al,O; has very good
adhesion and stability during exposure time. Overall, for the above,
this thermal barrier is considered with a high efficiency in resisting
the harsh operating conditions of engineering equipment.
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