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Abstract  
One of the most technologically advanced methods for developing 
and adhering catalysts to the FeCrAl substrate is electrophoretic 
deposition. However, it faces a problem: low thermal stability at high 

temperatures of 10000 °C, caused by a lack of a protective oxide 
layer. The goal of this study is to investigate the protective oxide 
layers formed by Al2O3 and NiO coatings on FeCrAl metallic material 
for catalytic converters (CATCO). The electrolyte was prepared with 

distilled water at a constant temperature of 40±50 °C. The pH was 
adjusted to 5 with HCl and NaOH reagents. The electrolyte was 
prepared at 40 ± 50 °C and stirred for 1 minute using a magnetic 

stirrer. A 50mm x 10mm Ni plate substrate served as the anode, while 

a 40mm x 20mm FeCrAl cathode was used. The spacing between 
the anode and cathode was set at 25mm. The electroplating was 
conducted for several variation times of 15, 30, 45, 60 and 75 
minutes, current density of 8 A/dm2, 3g γ-Al2O3 was inserted into the 
beaker for each sample and the total surface area was 1600mm2 on 

both sides. Drying was performed after electroplating at 600 °C for 
12 hours.  Raman spectroscopy revealed that several compounds 
observed during the experimental stages, such as FeCrAl, γ-Al2O3, 
NiO, NaO2, NiAl2O4, NiCr2O4, and FeCr2O3, were also present in the 

coated FeCrAl CATCO, with distinct peaks. Therefore, it can be 
concluded that the UB+EL 30 min successfully deposited the γ-Al2O3 
and NiO on the FeCrAl substrate after CATCO fabrication. 
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INTRODUCTION  

Exhaust technology had been a major focus 
among researchers, and it had been used by 
automotive manufacturers all over the world [1][2]. 
There are three (3) principal pollutants in the 
exhaust emission system of a gasoline engine: 
carbon monoxide (CO), nitrogen oxides (NOx), 
and hydrocarbon (HC) as unburned components. 
These pollutants were high in the atmosphere 
because the CATCO components in the exhaust 
emission system were inefficient at reducing 

exhaust gas emissions. To fulfil strength standard, 
the Catalytic converter (CATCO) is redesigned 
and investigated using simulation, material, and 
method selection to characterize the monolith 
substrate and optimize the CATCO [3]. A common 
CATCO design was the Three Way Catalytic 
(TWC) converter, which conducts reduction-
oxidation simultaneously.  

There are three key components of 
CATCO: washcoat material, substrate, and 
catalyst. Currently, metallic CATCO was an 
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interesting component to investigate in 
comparison to ceramic material. As a result, the 
predominant CATCO component in this 
investigation was the FeCrAl metallic substrate. 
FeCrAl is commonly referred to as metallic 
substrates due to their great thermal stability and 
corrosion resistance, as well as the strong 
adherence of oxide film to the substrate's surface 
when the suitable surface treatment is done [4, 5, 
6, 7, 8]. Excellent oxidation catalyst materials have 
often been based on precious metals. However, 
these materials are expensive, in short supply [8, 
9, 10], have a high specific activity, are easily 
oxidized, and break easily at temperatures 
ranging from 500 to 9000C [11]. 

Catalyst layers on metallic surfaces are 
emerging as one of the most important coating 
technologies for producing structures like metallic 
honeycombs and micro reactors. Pressure drop, 
heat and mechanical resistance are frequently 
important concerns in catalytic reactors, and 
metallic honeycombs (monoliths) are an effective 
solution under extreme settings, such as 
automotive catalyst converters with cold start and 
exhaust velocity fluctuation [9][12]. 

Recently, mesoporous Ni-Al oxide was 
synthesized using a one-pot synthesis, resulting in 
a high BET surface area of 385m2/g and increased 
thermal stability. High BET surface area for 
mesoporous Ni-Al is in range of 350-409 m2/g [6]. 
The related oxides were originally used to partially 
oxidize methane into synthesis gas at ambient 
pressure. It was observed that a rather strong 
contact between the nickel species and alumina 
substrate resulted in finely dispersed nickel 
particles on the catalyst surface, which prevented 
coke formation [1,13,14]. 

According to [15, 16, 17] that the most 
popular method for developing an oxide coating 
layer on a metallic substrate is dip coating. Before 
applying the washcoat, it is paired with a shorter 

diffusion route [17]. The FeCrAl alloy is prepared 
by the other researchers via sol-gel, spray-
pyrolysis, and co-precipitation techniques [4]. In 
addition, the FeCrAl substrate is developed and 
bound to the catalyst through the use of in-situ 

hydrothermal [7], ultrasonic [18, 19, 20, –21], 
magnetron sputtering [22], and on-step hybrid 
deposition [23]. That approach is limited, though, 
in cases where NiO does not penetrate straight to 

the substrate. Therefore, this research is 
purposed to penetrate the NiO and γ-Al2O3 on 
FeCrAl in order to develop compound as 
protective layer that believe give a significant 
improvement on the thermal stability. 

 

  

METHOD 
Ultrasonic bath is conducted to FeCrAl foil 

that cuted in size of 40 mm x 20 mm and coating 
material is γ-Al2O3 powder. The samples are 

submerged in ethanol for five minutes. A 
frequency of 35 kHz and different ultrasonic times 
of 1, 1.5, 2, 2.5, and 3 hours are enforced during 
the ultrasonic process. The samples are 

submerged in a beaker containing 3 g of γ-Al2O3 
powder per sample and 20 g/l of ethanol as shown 
in Figure 1. The next step is drying, which is done 
for 12 hours in an oven set at 600C. 

Electrolyte, anti-pitting agent, anode, and 
cathode are some of the components used in the 
electroplating process as shown in Figure 2. The 
electrolyte medium utilized was sulphamate type, 

which is composed of sodium dodecyl sulphate 
(C12H25OSO3.Na), boric acid (H3BO3), nickel (ii) 
chloride (NiCl2·6H2O), and nickel (ii) sulphate 6-
hydrate (NiSO4.6H2O). Table 1. shows the 

composition of this mixture. The electrolyte was 
made with distilled water and kept at a steady 40 
to 500C. The pH of the solution was then brought 

to 5 with the help of HCl and NaOH reagent. With 
a magnetic stirrer, the electrolyte was stirred. A 50 
mm × 10 mm nickel (Ni) plate substrate served as 
the anode, and a 40 mm x 20 mm FeCrAl served 
as the cathode. The adjustment was made to the 

anode and cathode distance at 25 mm. 
Electroplating was done for 15, 30, 45, 60, and 75 
minutes with an 8 A/dm2 current density, 3 g γ-
Al2O3 in the beaker, and a total surface area of 

1600 mm2 on both sides. Following the 
electroplating process, a 12-hour drying process 
was carried out at 600C.  

 
 

Figure 1. Schematic diagram of ultrasonic bath 
during electroplating; (1) Ultrasonic bath tank; (2) 

water; (3) biker; (4) sulphamate type electrolyte 
and (5) ultrasonic source 

 



 

p-ISSN: 1410-2331  e-ISSN: 2460-1217 

 

 

I. Hidayat et al., Compound development as a protective layer on FeCrAl substrate by … 25 

 

 

Figure 2. Schematic diagram of electroplating 
process 

 
Table 1. Chemical composition of electrolyte  

Electrolyte solution 
Composition 

(%) 

NiSO4.6H2O 51.25 
NiCl 6H2O 0.85 

H2BO3 5.12 
C12H25SO4Na 42.73 

 
The Raman spectroscopy machine 

(HORIBA Xplora Plus Raman Microscope) was 
used under environmental conditions. The 

materials used in this test were Coated FeCrAl 
CATCO by UB+EL 30 minutes, which had been 
produced and coated. According to [24] that the 
UB+EL 30 minutes has the best coating structure, 
fully embedded coating material on substrate than 

other parameters. The testing material had 

dimensions of 10 x 10mm (LxW), a thickness of 
0.13mm, and a sinusoidal wave surface on the 
coated FeCrAl substrate. The goal is to ensure 

that washcoat material is deposited in all areas of 
the FeCrAl substrate. This testing was conducted 
at magnification of 50 times, laser strength of 
1064/532 nm, slit 100 µm, accumulation of 2, and 
grating of 1200 (500 nm) as well as source of 

spectrum is from HORIBA scientific. Before 
Raman spectroscopy selected, the evaluation has 
been conducted to other testing and the result not 
as complete as Raman Spectroscopy.    

 

RESULTS AND DISCUSSION 

XRD testing of UB samples  
Figure 3 displays the XRD study of FeCrAl 

substrate coated with γ-Al2O3 using ultrasonic 
method with holding times of 1, 1.5, 2, 2.5, and 3 
hours. Major compounds found in UB samples 
include FeCrAl, FeO, γ-Al2O3, and FeCr2O3. The 
presence of FeCrAl and γ-Al2O3 in these samples 
indicates that the ultrasonic bath approach did not 
result in phase transition. 

Broader peaks on strong line peaks are 

observed at the maximum of UB 1.5 h and 
gradually sharpen up to ultrasonic time of 3 h, 
indicating that UB 1.5 h has the lowest crystallite 
size when compared to other UB samples. 

However, in UB 2 h, low diffraction peaks occur 
due to displacement inaccuracy and the sample is 
located below the diffractometer's focal plane.  

  
 

Figure 3. XRD peaks of UB samples 
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The association between compound 
analysis and thermal stability and conductivity 
study revealed that the UB sample has a lower 
mass change of 17.46 mg and a greater 

conductivity of 2.80E-04 S/cm when compared to 
the raw material of 23.39 mg and 4.65E-05 S/cm, 
respectively. In UB samples, a few compounds 
produced via the UB process were found to boost 

thermal stability at 10000C as well as material 
conductivity. 

Microstructure investigation confirms γ-
Al2O3 deposition on FeCrAl substrate, revealing 
embedded particles. The association between 

chemical analysis and cross section analysis of 
UB samples reveals a coating layer that protects 
the substrate material from high temperature 
operation and harsh conditions in the exhaust 

emission system. Coating thickness study 
confirms that UB samples had the highest coating 
thickness of 2.8 µm, while raw material has no 
coating thickness since no coating process was 
undertaken. The thickness data was automatically 

measured by XRD machine and it validated in 

other result that has been published [24]   

XRD testing of UB+EL samples 
The UB+EL approach was used to boost 

compound development and coating thickness of 
substrate material because it involves two 
deposition processes. The first deposition was 
done using the UB approach, with ethanol as the 
electrolyte and γ-Al2O3 as the coating material. 
The second deposition was carried out using the 

EL approach with a sulphamate solution as an NiO 
as the anode and FeCrAl as the cathode. 
Compound analysis of UB+EL samples, as 
illustrated in Figure 4. 

UB+EL samples have yielded numerous 
compounds, including FeCrAl, FeO, γ-Al2O3, 

FeCr2O3, NiO, NaO2, NiAl2O4, and NiCr2O4. 
FeCrAl contains γ-Al2O3. That compound was fully 
examined in UB+EL for 30 minutes, and significant 
diffraction peaks were found. Diffraction peaks 
widened with increasing UB+EL duration, 

indicating that γ-Al2O3 causes plastic deformation. 
Microstructure investigation confirmed that 
increased particle embedding leads to longer 
UB+EL holding times. In the lower UB+EL holding 

time, the lower particle is embedded on the FeCrAl 
substrate. 

Fe-based alloys and Ni-based alloys have 
been found in high concentrations on coated 
FeCrAl substrates. These alloys are highly 

thermally stable at temperatures as high as 
14000C. The coating substance formed a 
protective oxide layer, which was used to shield 
FeCrAl CATCO from the harsh conditions of the 

exhaust emission system. This was approved by 
[16][19], who stated that the coating material was 
used as a media for catalyst activation to develop 
a protective oxide layer. [3] also stated that Ni 
electroplating is performed for finishing 

technology, which is commonly used in the 
automobile industry. As a result, the combination 
of two processes has proven an intriguing way to 
manufacture FeCrAl CATCO.  

 
 

Figure 4. XRD peaks of UB+EL samples 
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An appropriate chemical concentration 
seen in UB+EL samples lead to the UB+EL 
sample's higher thermal stability, with a mass 

change of 2.85 mg when compared to UB and 
UBdEL samples. The coating material and 
catalyst were embedded on the FeCrAl substrate 
in the UB+EL samples, as confirmed by cross 
section analysis and coating thickness analysis. 

The UB+EL samples had the highest coating 
thickness of 13 µm when compared to UB, UBdEL, 
and EL. This result suggests that the UB+EL 
approach was effective in increasing thermal 

stability by increasing the protective oxide layer on 
the FeCrAl substrate, as seen by the increased 
coating thickness. 

 

XRD testing of EL samples 
Figure 5 shows the XRD examination of a 

FeCrAl substrate covered with an electroplating 
process for 15, 30, 45, 60, and 75 minutes. The 
three strongest diffraction peaks are situated at 
dispersed angles 2θ of 37.10, 44.70, 63.70, and 
65.50. Na is present in these samples because it 
is incorporated into the electrolyte solution, which 
is a sulphamate solution. This solution is utilized 
with specific compositions such as 51.25% 
NiSO4.6H2O, 0.85% NiCl 6H2O, 5.12% H2BO3, 
and 42.73% C12H25SO4 Na. As a result, significant 
Ni and Na concentrations were found in EL 
samples. 

Boric Acid (H2BO3) is used as a Process 
Control Agent (PCA) in sulphamate types to 

prevent agglomeration of solid forms (γ-Al2O3 

powder). It acts as an absorber on particles with 
low surface tension. PCA can reduce γ-Al2O3 
particle size by 2-3 times compared to its initial 

size. It supported by previous study that the 
particle size is significantly decrease by 
minimizing the agglomeration [24, 25, 26]  

Several compounds appear on all 
diffraction peaks, including FeCrAl, FeO, γ-Al2O3, 

FeCr2O3, NiO, NiAlO4, NiCr2O4, and NaO2. Strong 
line peaks for FeCrAl and γ-Al2O3 indicate that no 
phase transition occurred during electroplating. 
Those chemicals were seen in EL 30 minutes to 

create a material with improved heat stability [14].  
The thermal stability of EL samples is 

influenced by compound formation throughout the 
coating process. The data shows that EL samples 

had a higher thermal stability of 3.99µm than raw 
material, UB, and UBdEL samples. Higher thermal 
stability is achieved by combining NiO with 
electrolyte solution, which increases compound 
formation during the process.  

NiO and γ-Al2O3 powder embedded on 
FeCrAl substrate resulted in increased surface 
roughness of 0.69 µm in EL samples compared to 
raw material and UB samples, indicating improved 

bonding activity. Cross-sectional examination 
confirms stronger bonding between NiO and γ-
Al2O3 powder, revealing a coating layer following 
Ni-electroplating. Coating thickness study 
revealed that EL samples had a higher coating 

thickness of 11.3 µm compared to raw material, 

UB, and UBdEL samples. 

 

 

Figure 5. XRD peaks of EL samples  
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Raman spectroscopy testing  
In Raman spectroscopy analysis, there are 

5 samples from Coated FeCrAl CATCO which has 
been fabricated in sinusoidal wave. The samples 
selected from different location of FeCrAl CATCO 
which is 2 samples from side position and 3 

samples from middle position which purposed to 
prove that coating activity of γ-Al2O3 and NiO on 
FeCrAl CATCO has been successfully embedded. 
Raman spectrum of side position was shown in 

Figure 6. Meanwhile for Raman spectrum of 
middle position was shown in Figure 7. 

Raman Spectrum is a plot of intensity of 
Raman scattered radiation as a function of its 
frequency differences from the incident radiation 

where that differences were called by wave 
number. Raman spectrum of this samples was 
consists of 4 strong peaks that shows by wave 
number of 550-580 cm-1, 700-750 cm-1, 1100-1500 

cm-1 and 200-300 cm-1. Raman spectrum of 

coated FeCrAl CATCO mainly consists of FeCrAl, 
NaO2, FeCr2O3, NiAl2O4, NiCr2O3 and γ-Al2O3. The 
highest spectrum of side position at 733cm-1 and 
742cm-1 that consists of FeCr2O3 compound. In 

lower wave number which consists of NaO2 at 
577.133cm-1 and 566.169cm-1 as well as FeCrAl 
at 226.258cm-1.  

Figure 6 shows that NiAl2O4 and γ-Al2O3 at 

1438.388cm-1 and 2918.892cm-1, respectively. 
High intensity of side position of coated FeCrAl 
CATCO caused by high coating activity that 
occurred during UB+EL coating process. 
Therefore, Ni, Na and γ-Al2O3 strongly observed in 

these spectrums. Cr2O3 scale which combined 
with Fe and Ni promote the increment thermal 
stability at high temperature up to 10000C [26]. 
The compound that observed in XRD and Raman 

Spectroscopy testing is potentially improve 
thermal stability as stated in previous research 
[24][26].   

 
 

Figure 6. Raman spectrum of Coated FeCrAl CATCO (side position) 
 

 

Figure 7. Raman spectrum of Coated FeCrAl CATCO (middle position) 
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The Raman spectrum of coated FeCrAl 
CATCO in middle position are shown in Figure 7 
that mainly consists of 4 strong peaks which 

observed several compounds such as FeCr2O3 in 
strongest peaks, NaO2 in wave number of 553.186 
cm-1, 562.174cm-1 and 517.139cm-1, FeCrAl 
observed at 395.864cm-1 and 380.582cm-1. 
Moreover, NiAl2O4 compound also observed at 

range of 1226 to 1490 cm-1, NiCr2O3 at 2077 to 
2200 cm-1 as well as γ-Al2O3 observed at the last 
peaks of 3006.164 cm-1. 

 

CONCLUSION 
Metallic FeCrAl catalytic converter without 

coating shows the weakness regarding on thermal 
stability that caused by minimum protective oxide 

layer and to improve it, the FeCrAl catalytic 
converter is produced and coated using the proper 
procedure and parameter, UB+EL 30 minute. The 
prototype has dimensions of 65 x 125 mm (length 
x diameter). To ensure the deposition of washcoat 

material, Raman spectroscopy studies were done 
to analyze compound development following the 
production and coating processes. Raman 
spectroscopy examination revealed the presence 

of FeCrAl, γ-Al2O3, NiO, NaO2, NiAl2O4, NiCr2O4, 
and FeCr2O3 in coated FeCrAl CATCO with 
significant peaks. After CATCO manufacturing, 
UB+EL for 30 minutes successfully deposited γ-
Al2O3 and NiO on FeCrAl substrate. 
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