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Abstract: 

 
High surface area with catalyst was the most required in the catalytic converter due to the 
harmful gas emission reduction effectively. Therefore, the aim of this paper is to show the 
effect of pretreatment using ultrasonic technique with SiC or Al2O3 on high temperature 
oxidation behavior of the FeCrAl. The pretreatment conducted by agitating the FeCrAl in 
the methanol solution consisting of SiC or Al2O3 followed with ultrasonic process. Nickel 
electroplating used for deposited nickel as catalyst application. Oxidation test then were 
carried out and the morphology of oxidized specimens was examined using scanning 
electron microscope (SEM) in combination with energy dispersive X-ray spectroscopy 
(EDS). The pretreatment using ultrasonic technique with SiC on FeCrAl continued nickel 
electroplating exhibited the highest oxidation resistance compared to Al2O3. The 
pretreatment using ultrasonic with SiC or Al2O3 provides roughness on FeCrAl surface 
which is influenced to the nickel electroplating homogenity and stability. The pretreatment 
using ultrasonic with SiC shows the nickel electroplating deposition more homogeneous 
and stable so that better high temperature oxidation resistance.  
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1. Introduction: 

 
FeCrAl foils become the most popular material than ceramics in the fabrication of catalytic 
converter monolith due to it advantages for high temperature resistance. It also easy 
manufactured as honeycomb substrate with thinner walls, so that obtains a lower pressure 
drop and higher contact surface area [1]. In order to form catalytic converter monolith, 
FeCrAl was shaped through corrugate processing and spiral processing.  Literature [2] 
and [3] mentioned that the corrugated and spiral shaped tools have been successfully 
designed and developed for manufacturing the hand-made full scale catalytic converter. 
 
Next problem is how to develop washcoat on the substrate. The washcoat was known as 
a kind of ceramics layer (oxide layer) which has specific surface area and serves a 
support for catalyst materials [4]. Although the FeCrAl substrate foil contains Al that could 
form oxide layer (Al2O3) with simple high temperature treatment, but, many investigation 
was done to solve this problem. In previous investigation, alumina washcoat was 
deposited by precipitation method, impregnation method [5] and dip-coating method [6].  
 
Ultrasonic wave or sound will generate cavitation bubbles in a liquid system. The 
explosion of the cavitation bubbles will produce a jet flash energy that can damage the 
surface of a solid material [7]. Dissolution of SiC or Al2O3 powders in liquid, are expected 
to assist in the process of surface destruction. The particles of powders can be driven by 
the jet flash energy and hit the surface of the material (FeCrAl). Thus, the irregular surface 
roughness occurs. In addition, these particles are also expected to stick into the surface of 
the material, which can be improved the washcoat development due to the oxide formed.  
  
The focus of this paper presents the effect of pretreatment using ultrasonic technique with 
SiC or Al2O3 on high temperature oxidation behavior of the FeCrAl plating with nickel. The 
nickel plating conducted to deposited nickel as catalyst on FeCrAl substrate [8]. The early 
oxidation test of FeCrAl and structure of oxide layer growth after oxidation test were 
analyzed. 
  
2. Experimental procedure: 

 
2.1  Material  
 
FeCrAl foils with 0.1 mm thickness supplied by Tyssen Krupp VDM. The substrates were 
cut in 2 cm X 1 cm. Three processes were conducted to the substrate i.e. ultrasonic for 
pretreatment, nickel electroplating, and oxidation test. 
 
2.2  Ultrasonic pretreatment 
 
The FeCrAl foils were treated ultrasonically using Laborette 17 ultrasonic cleaning bath 
with: Voltage 230 V/1~, input power 2 x 240 W/period, frequency 50-60 Hz and the 
ultrasound frequency 35 kHz. The bath was filled fully water. The specimens were placed 
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into a beaker with methanol and SiC or Al2O3 as liquid solution. The concentration of 
solution made 0.2 mg/ml or by dissolve 20 mg SiC or Al2O3 into 100 ml methanol. The 
specimens then were processed into the ultrasonic bath for 0.5 hour. The illustration of 
ultrasound pretreatment was presented in Figure 1. 
 

 
 

Figure (1): Schematic diagram of ultrasound pretreatment process 
(1) Methanol; (2) Specimen; (3) Beaker; (4) Water; (5) Bath; (6) Ultrasonic source 

 
Nickel electroplating used for depositing nickel as catalyst on the FeCrAl substrate. The 
process refers to previous project [8]. 
 
2.3  Oxidation test 
 
The early oxidation test conducted as the catalytic converter application approach for the 
cold start condition, the engine running not more than 8 hours [9]. The specimens were 
cut in 2 mm x 2 mm. The specimens were carried out to oxidation test using thermal 
gravimetric analysis (TGA; Pyris Diamond, Perkin Elmer) at 10000C for 360 minutes. The 
TGA measures the weight change of a material upon heating in a highly sensitive balance. 
The weight changes in every minute were recorded. The graph of weight gain versus time 
was used to present the results. Then the kinetics reaction value of the oxidation process 
was obtained. For clarification, the oxide layer developed in this early oxidation test then 
were observed using JEOL scanning electron microscopy (SEM) model JSM-6380LA in 
combination with energy dispersive X-ray spectroscopy (EDS). The experimental condition 
of pretreatment using ultrasonic with SiC or Al2O3 is summarized in Table 1.   
 

Table (1): Experimental conditions 
 
Sample 
(FeCrAl) 

 Ultrasonic 
pretreatment 

 Nickel electroplating [8]  Oxidation test 

 Diluted 
materials  

Time 
(h) 

 Current 
density 
(A/dm2) 

PH Temp 
(oC) 

Time  
(h) 

 Temp 
(oC) 

Time 
(min) 

1  SiC 0.5  3  2.5-4.5 40 0.5  1000 380 
2  Al2O3 0.5  3 2.5-4.5 40 0.5  1000 380 

 
3. Results: 
 
3.1 Oxidation test.  
 
Figure 2 shows the TGA curves of FeCrAl foils pretreatment using ultrasonic with SiC and 
Al2O3. The weight of FeCrAl foils increased rapidly on the beginning of the oxidation 
process at approximately first 50 minutes. It means that the oxide layer was formed on the 
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FeCrAl substrate. The weight of specimen pretreatment using ultrasonic with SiC 
decreased until minus at 100 minutes to 250 minutes. The graph attributed to the flake off 
phenomenon (spallation) of the oxide layer in great amounts and increase after reaches at 
250 minutes. It indicated that the oxide layer start formed again. Differ with FeCrAl foils 
pretreatment using ultrasonic with SiC, the weight gain of specimen pretreatment using 
ultrasonic with Al2O3 decreased at about 150 minutes until 250 minutes. However, the 
graph did not reach minus point. It indicated that the oxide layer has lower spallation. But 
there was equal condition for FeCrAl foils pretreatment using ultrasonic with Al2O3 with the 
other treatment (SiC). The pretreatment using ultrasonic with Al2O3 increased after heated 
for 250 minutes. It concludes that the weight gain of specimen pretreatment using 
ultrasonic with Al2O3 greater than with SiC.  

 
 

Figure (2): TG of FeCrAl pretreatment using ultrasonic with SiC or Al2O3 

 
 3.2 The parabolic rate constant (kp) of the kinetics of oxidation.  
 
The parabolic rate constant (Kp) used to predict the time to failure of the FeCrAl materials 
[10]. The formation rate of an oxide scale, growing on the surface of a FeCrAl foils at the 
beginning of the oxidation test agrees with Wagner theory. At high temperature oxide films 
thicken according to the parabolic rate law, x2 α t and the mechanism by which thickening 
proceeds has been explained by Wagner [11-12]. The parabolic growth equation of the 
film thickness with time occurs:  
 

x2 = Kpt                                                                                                                       (1) 
 
Where x is the layer thickness or the weight gain; t is the oxidation treatment time; Kp is 
parabolic rate constant.  In this study the weight gain (x) resulted from mass gain per unit 

surface area of specimens  
A
W  [12]. Then we can write an equation to be: 

 

 
A
W

2
 = Kpt                                                                                                               (2) 

 
Kp was obtained from the slope of a linear regression-fitted line of  

A
W

2
  vs t plot. Figure 3 

shows the nature of the fit of the parabolic rate law of the early oxidation test of FeCrAl 
foils pretreatment using ultrasonic with SiC or Al2O3 at 10000C. The analysis conducted on 
the first 60 minutes. The parabolic rate constants obtained from the present experiments 

-0.100

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0 50 100 150 200 250 300 350 400

Time (min)

W
e
ig

h
t 

G
a
in

 (
m

g
/m

m
2
)

FeCrAl pretreatment using ultrasonic with SiC

FeCrAl pretreatment using ultrasonic with Al2O3

spallation 



Proceeding of the 14th AMME Conference, 25 -27 May 2010 Paper   MS - 5 5 

 

 

are listed in Table 2. FeCrAl foils pretreatment using ultrasonic with SiC has the lower Kp 
than the FeCrAl foils pretreatment using ultrasonic with Al2O3 at 10000C of oxidation test. 
The low of Kp value indicated the long time to failure of FeCrAl substrate [10]. 
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Figure (3):  
A
W

2
  vs time plotted for oxidation of FeCrAl pretreatment using ultrasonic with 

SiC or Al2O3 
 
Table (2): Parabolic rate constants for FeCrAl pretreatment using ultrasonic with SiC or 

Al2O3 
 

Materials kp x 10-3 mg2mm-4s-1 (1000oC)  

FeCrAl foils pretreatment using ultrasonic with SiC 868.8 
FeCrAl foils pretreatment using ultrasonic with Al2O3 934.2 

 
3.3  Morphology of Al2O3 washcoat on the FeCrAl substrate. 
 
Figure 4. summarized the observations of the cross sectional morphology using scanning 
electron microscope examinations (SEM) of the FeCrAl foils pretreatment using ultrasonic 
with SiC and Al2O3 powder, after oxidation test. It can be seen that cross section of the 
FeCrAl foils pretreatment using ultrasonic with SiC and Al2O3 consist of four layers. The 
first layer from bottom to top is FeCrAl substrate followed by Al2O3 as second layer and 
the third is nickel layer, while the fourth layer is nickel oxide layer, respectively.  
 
The nickel electroplating on FeCrAl pretreatment using ultrasonic with SiC showed more 
homogeneous and stable than Al2O3. So that good density of nickel layer was achieved. It 
possible influenced by high surface roughness resulted from the FeCrAl substrate 
pretreatment using ultrasonic with SiC. The mean roughness measurement of FeCrAl 
without pretreatment, pretreatment using ultrasonic with SiC, and Al2O3 are 0.13μm, 
0.23μm, and 0.17μm respectively. The higher roughness of FeCrAl pretreatment using 
ultrasonic with SiC possible influenced by random particle size and it hardness properties.  
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(a) (b) 

 
Figure (4): On cross sectional morphology of FeCrAl pretreatment using ultrasonic with 

(a) SiC and (b) Al2O3 
 
3.4  Location of Al2O3 on the FeCrAl. 
 
The mapping application of SEM and EDS are implemented for clarifying the position of 
chemicals component that appeared on the crossection of FeCrAl after oxidation test. The 
picture presented at figure 5 for pretreatment using ultrasonic with SiC powder and 6 for 
Al2O3 powder. Both of them show the existing of Al2O3 layer (washcoat). The Al2O3 layer 
was exist very clear and look like as a united (layer) in the FeCrAl pretreatment using 
ultrasonic with SiC. It was existed between FeCrAl substrate and nickel layer. While, Al2O3 
layer exist not clear (scale) and look like separated in many area of FeCrAl pretreatment 
using ultrasonic with Al2O3. There was some phenomenon on the mapping observation. 
The first phenomenon was the expected SiO not appeared on the FeCrAl substrate, even 
though on pretreatment using ultrasonic with SiC (Figure 5). The second was Al2O3 scale 
also exists on the surface of nickel layer (Figure 6). It is possible the Al diffuse through the 
nickel layer then obtained the Al2O3 layer on the nickel layer surface. 
 

            
  

 
Figure (5): Mapping SEM and EDX observation for Al2O3 layer of FeCrAl pretreatment 

using ultrasonic with SiC 
 

Nickel oxide 

Nickel  

Al2O3 (washcoat) 

layer  
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Figure (6): Mapping SEM and EDX observation for Al2O3 layer of FeCrAl pretreatment 

using ultrasonic with Al2O3  
 
4. Conclusions: 
 
The pretreatment using ultrasonic technique with SiC obtained the lower parabolic rate 
constant (Kp) than with Al2O3. The pretreatment using ultrasonic with SiC powder resulted 
higher surface roughness compared to Al2O3. It is possible influenced by particle size and 
it hardness properties. The higher surface roughness of FeCrAl pretreatment using 
ultrasonic with SiC formed the nickel electroplating deposited more homogeneous and 
stable. The FeCrAl pretreatment using ultrasonic with SiC resulted better high temperature 
oxidation resistance compared with Al2O3.  
 
Aknowledgements: 
 
The authors would like to thank the Ministry of Higher Education Malaysia and Universiti 
Tun Hussein Onn Malaysia (UTHM) through the funding support of Fundamental 
Research Grant Scheme (FRGS), Vot no. 0265 and 0361. The authors would also like to 
thank the Thyssen Krupp VDM GmbH for supplying material. 
 
References: 

 
[1] X. Wu, D. Weng, S. Zhao, W, Chen, Influence of an aluminized intermediate layer 

on the adhesion of a γ-Al2O3 washcoat on FeCrAl, Surface & Coating Technology, 
190, P. 434-439,2005. 

[2] M. Fahrul, D. Sebayang, P. Untoro, Apparatus for producing a spiral catalyst 
substrate [Cor-ral Tool], International Technology Exhibition (ITEX), 2009. 

[3] M. Fahrul, D. Sebayang, P. Untoro, Apparatus for producing a spiral shape of 
corrugated Sheet metal for catalyst substrate of catalytic converter, International 
Conference on Advances in Mechanical Engineering (ICAME), 2009. 

 [4] S. Zhao, J. Zhang, D. Weng, X. Wu, A method to form well-adhered – a layers on 
FeCrAl metallic support, Surf and Coat  Technology, 167, P. 97-105, 2003. 

 [5] D Betta et al. at R.E.Hayes, & S.T. Kolaczkowski. Introduction to Catalytic 
Combustion, Amsterdam: Gordon and Breach Science Publishers, 1997. 

 [6] M. Valentini, G. Groppi, C. Cristiani et al., The deposition of γ-Al2O3 layers on 
ceramic and metallic supports for the preparation of structured catalysts, Catalysis 
Today, Vol. 69, Issue 1-4, P. 307-314, 2001. 

[7] V. Saez, T.J. Mason, Sonoelectrochemical synthesis of nanoparticle, Moleculs, 
ISSN 1420-3049, 2009. 



Proceeding of the 14th AMME Conference, 25 -27 May 2010 Paper   MS - 5 8 

 

 

 [8] D. Sebayang, P. Untoro, Y. Putrasari et.al., Influence of difference deposition 
technique of nickel on FeCrAl metallic monolith, Malaysian Metallurgical 
Conference, 2009. 

 [9] R. M. Heck, R. J. Farrauto, S.T. Gulati. Catalytic Air Pollution Control Commercial 
Technology 3rd ed, New Jersey: John Wiley & Sons, Inc., 2009. 

[10] J. Klower, A. Kolb-Telieps, H. Bode et. al. Development of High-temperature 
Corrosion Resistant FeCrAl Alloys for Automotive Catalytic Converters, Munich: 
Krupp VDM GmbH, 1998. 

[11] R.E. Smallman, & R.J. Bishop. Modern Physical Metallurgy and Materials 
Engineering Science, Process, Applications 6th ed., Reed Educational and 
Professional Publishing Ltd, 1999. 

[12] C. Badini, F. Lurella, Oxidation of FeCrAl alloy: influence of temperature and 
atmosphere on scale growth rate and mechanis, Surface and Coating Tecnology, 
135, P. 291-298, 2001. 

 


