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ABSTRACT 

In this work, stainless steel wire cloth (SSWC) for metallic support was thermally treated to 

increase the adhesive strength of Al2O3 by improving superficial roughness. After coating Al2O3

on SSWC, Pt particles as a catalytic component were deposited on the Al2O3/SSWC. These 

supports and catalysts were characterized by N2 gas adsorption, X-ray diffraction (XRD), 

scanning electron microscopy (SEM) in conjunction with energy dispersive spectroscopy (EDS), 

and scanning transmission electron microscopy (STEM). The catalytic performance was tested in 

the ethylene oxidation. The effect of space velocity (GHSV = 2,000 - 8,000 h
-1

) at different 

temperatures (190  and 210 ) and reproducibility were investigated. The superficial 

roughness of SSWC was markedly increased by thermal oxidation at 800  for 12 h, and good 

adherence of Al2O3 to the SSWC was observed. The obtained Pt/Al2O3/SSWC800 catalyst 

showed excellent catalytic activity in the ethylene oxidation and showed a good reproducibility 

and stability even after repeated use. 

Keywords: Metallic support; Thermal treatment; SEM; Ethylene oxidation 
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1. Introduction 

For pollution abatement applications it is common to utilize a monolithic honeycomb 

structured catalyst to minimize the pressure drop associated with high flow rates [1,2]. The 

honeycomb is usually inside a steel housing and physically fixed in the exhaust. This allows the 

process effluent gases to pass uniformly through the channels of the honeycomb. Monolithic 

honeycomb materials offer a number of advantages over more traditional pellet-shaped catalysts 

and, thus, are widely used as supports in environmental applications [3]. The preparation of 

monolithic catalysts consists of the two-step process: mainly, the deposition of the oxide layer 

(or primer) with high surface area on the channel walls because it has large pores and low 

surface area, and deposition of the active metal on the oxide layer. This is referred to as the 

wash-coat. Generally, the most commonly used primer is -Al2O3 due to the chemical, 

hydrothermal, and mechanical stability in order to improve surface areas [4]. In these processes, 

the main problems are obtaining homogeneity with a good adhesion of the oxide layer and 

achieving high dispersion of the active metal on that oxide layer.  

Monolithic supports are typically made of either ceramics or metals. Ceramic supports have 

been widely used due to the ease of the deposition of the active metal. They have been used as a 

support for controlling emissions of air pollutants in exhaust gases, e.g. selective catalytic 

reduction of NOx, combustion of VOCs, and three way catalysts [5,6], but have  some 

drawbacks as well: the low heat-transfer rate and the high price [7]. Recently, much attention 

was paid to the practical use of metallic supports such as stainless steel [8-10,14-23] and 

aluminum [11-13]. The main advantages of metallic supports, particular stainless steel, compared 

with ceramic support can be summarized as follows: high anticorrosion, high mechanical 

strength, high thermal conductively, endurance, and lower cost [8-23]. However, the metallic 

supports could not be applied in practice because of a low adherence of the primer to the metallic 

support. The coefficient of thermal expansion of the metallic support is different from the oxide 

layer, so a suitable pretreatment method for the metallic substrate is required in order to improve 

the primer adherence.  

Many different methods have been proposed for improving adherence, such as wet oxidation 

by acid [8-11], anodic oxidation [12-14], and thermal oxidation [15-23], especially thermal 

oxidation at high temperature has been considered because it requires a simple apparatus. These 

metallic supports just used in lab scale processes include the hydrogenation of acetophenone [8], 
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photo-catalytic decomposition of ammonia [10], Fisher-Tropsch process [11], CO oxidation 

[13,15-17], partial oxidation of methane [18], selective catalytic reduction of NOx [17,19], and 

decomposition of VOCs [9,12,14,20,21]. Also, catalytic activity depended strongly upon the 

shape of support, which may relate to mass/heat transfer rates and contact time with reactant gas 

in the higher space velocity system. Although plate shape [10,14] and cylinder shape [11-13,15-

23] were examined, mesh shaped metallic support [8,9,24] has a good mass/heat transfer 

performance as well as low pressure drop during the higher space velocity, therefore exhibiting a 

higher activity than the ceramic honeycomb.  

In this work, first stainless steel wire cloth (SSWC) for metallic support was thermally treated 

to increase the adhesive strength of Al2O3 as a primer by improving superficial roughness. After 

wash-coat of Al2O3, highly dispersed active metal, Pt was deposited. Catalytic performances for 

ethylene oxidation over Pt/Al2O3 supported on thermally treated SSWC were investigated for 

potential use as an environmental catalyst system. 

2. Experimental 

2.1. Preparation of catalysts 

Commercial 304 stainless steel wire cloth (SSWC, 40 mesh, wire diameter: 0.18 mm) was 

used as a raw material. The 304 SSWC was mainly composed of Cr (18.2wt%), Ni (8.6wt%), 

and Mn (1.5wt%) in Fe balance. SSWC was cut to the size of 0.9 cm 11.5 cm (1.44 g) as 

needed, and then cleaned in an acetone solution for 0.5 h with an ultrasonic cleaner.

In a previous work, SSWC was pretreated by thermal oxidation, and the optimal surface 

roughness was achieved at 800  for 12 h [25]. Before wash-coat of Al2O3, SSWC was 

pretreated by thermal oxidation at 800  for 12 h in static air atmosphere (SSWC800). The 

SSWC800 was immersed into the aqueous solution of Al(NO3)3·9H2O (100 ml, 1.87 M, Junsei) 

for 0.5 h, and lifted at a constant speed of 3 cm/h, followed by maintaining at room temperature 

for 12 h. Then it was dried at 100  in an oven for 24 h, and calcined at 500  for 5 h in static 

air. Hereafter, Al2O3 coated SSWC800 is named as Al2O3/SSWC800. Pt on Al2O3/SSWC800 

(Pt/Al2O3/SSWC800) was prepared by an impregnation method as follows. Al2O3/SSWC800 

was put into 100 mL of distilled water, and then an aqueous solution of H2PtCl6·5H2O (7 ml, 
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1.35  10
-3

 M, Kojima) was added slowly dropwise with continuous stirring at room temperature, 

followed by maintaining at room temperature for 12 h. After drawing SSWC out, it was dried at 

100  in oven for 24 h, and calcined at 500  for 5 h in static air. The Pt/Al2O3/SSWC800 was 

compared with the powdered Pt/Al2O3 catalyst. The Pt/Al2O3 catalyst was prepared by 

conventional impregnation method [26], and that has about 4.3wt% of Pt loading content.

2.2. Characterization 

The BET surface area, total pore volume and average pore diameter were measured using N2

gas adsorption analyzer (ASAP 2010, Micromeritics) at -196 . Before the analysis, the sample 

was pretreated with helium at 200  for 2 h. The BET surface areas were computed using the 

BET equation from the amount of N2 physisorbed at different relative pressures (P/P0). The total 

pore volume and average pore diameter were calculated by the Horvath Kawazoe (HK) method. 

The crystalline phases were identified by X-ray diffraction (XRD, XPERT-PRO, Philips) 

operating at 40 kV and a current of 30 mA with Cu-K 1 radiation (0.154 nm) in the 2  scan 

range from 20  to 80  with a step size of 0.04 . The measured XRD patterns were compared with 

the JCPDS file [27]. The surface morphology was observed by scanning electron microscope 

(SEM, S4700, Hitachi) using 20-25 kV accelerating voltage. The chemical composition was 

analyzed by energy dispersive spectroscopy (EDS, Xflash Detector 4010, Bruker AXS). The Pt 

loading was measured using inductively coupled plasma-atom emission spectrometry (ICP-AES, 

D-TIME 3000 DC, Perkin Elmer). The sample was digested with a mixture of HNO3 (70 %) and 

HCl (35 %) in the ratio of one to three. The Pt particle sizes in the Pt/Al2O3/SSWC800 were 

observed using scanning transmission electron microscopy (STEM, 2010F, Jeol) operating at 

200 kV. The Pt/Al2O3 layer was raked out from Pt/Al2O3/SSWC800, and it was dispersed in 

ethanol by sonication and dropped on a copper grid with a carbon film. Histograms of the 

particle size distribution were obtained by counting in the micrographs, and the average particle 

diameter (dM) was calculated using the formula dM = di·ni/ ni, where ni was the number of 

particles of diameter di [28]. The adherence of the alumina layer on SSWC was tested using the 

ultrasonic method [29]. The sample was treated in acetone for 1 h at room temperature with 

ultrasonic cleaner. And then it was dried at 100  in oven for 12 h, and calcined at 500  for 3 
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h in static air atmosphere. Adherence was determined as the ratio of different weight loss before 

and after the ultrasonic test.

2.3. Activity test 

The ethylene oxidation was carried out in a fixed-bed reactor, a rectangular-shape quartz (1 

cm  1 cm  0.4 cm) reactor packed with 1.5 g of sample. A standard feed gas of 1.0 vol% 

ethylene in air was passed through the catalyst bed under atmospheric pressure. And the flow 

rate of reactant gas was controlled to 40 ml/min with mass flow controller. The temperature of 

the stream line was maintained at 100  by using a heating band and insulating material. A 

thermocouple (Al-Cr) was inserted into the catalyst bed to control the reaction temperature. All 

the samples were pretreated with He flow at 200  for 1 h before the catalytic test. The 

conversion of ethylene was determined through the thermal conductivity detector of gas 

chromatograph (DS-6200, Donam Instrument) with a Porapak Q column (1/8˝, 6 ft, ss), and was 

calculated from the decrease of ethylene detected by the chromatographs. The conversion of 

ethylene was obtained at steady state (usually 0.5 h after the temperature stabilized), and the 

experiments were repeated three times to check the reproducibility. The Pt/Al2O3/SSWC800 

sample was also studied under different gas hourly space velocity (GHSV) in the range of 2,000 

- 8,000 h
-1

, and reproducibility test was performed four times at GHSV = 5,920 h
-1

. Measurement 

of catalytic activity using powdered catalyst (Pt/Al2O3) to compare to the metallic support was 

carried out in the same operating conditions. The Pt/Al2O3 with 4.3wt% Pt loading is the same Pt 

loading content as that of the catalytic layer deposited on the metallic support 

(Al2O3/SSWC800). The Pt/Al2O3 was packed with glass balls equal to the volume occupied by 

the metallic support devices.  

3. Results and discussion 

3.1. Characterization 

Textural properties such as BET surface area, total pore volumes and average pore diameters 

of all the samples were investigated by N2 gas adsorption, and the results are shown in Table 1. It 

was observed that the BET surface area of the untreated SSWC used as a raw material was 2.6 ± 

0.08 m
2
/g, and it was increased by 1.5 times (4.0 ± 0.13 m

2
/g) when it was pretreated by thermal 
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oxidation at 800  for 12 h. This increased surface area corresponds to an improved surface 

roughness, which is expected to improve adhesive ability of Al2O3 to SSWC surface. BET 

surface area of Al2O3/SSWC800 was markedly increased to 16.9 ± 0.21 m
2
/g, and the 

Pt/Al2O3/SSWC800 was 17.0 ± 0.18 m
2
/g which is almost the same as Al2O3/SSWC800,

indicating that the Pt particles have a negligible effect on the textural properties. The total pore 

volume was increased with increasing BET surface area. The average pore diameter of all 

samples had similar values, in the range of 2.1 - 2.6 nm. The N2 adsorption isotherm (Fig. 1) of 

the Al2O3/SSWC800 and Pt/Al2O3/SSWC800 shows the typical mesoporous materials, according 

to the Brunauer-Deming-Deming-Teller classification [30]. 

The XRD patterns of untreated SSWC (Fig. 2 (a)) shows only the diffraction peaks of the 

austenitic phase (2  = 43.7
o
, 51.0

o
, 74.7

o
). The intensity of these peaks for austenitic phase 

decreases due to the formation of an oxide layer by thermal treatment (Fig. 2 (b)). These new 

diffraction peaks from the oxide layer can be attributed to martensite (2  = 44.7
o
, 65.3

o
), skolaite 

(Cr2O3, 2  = 24.5
o
, 33.6

o
, 54.6

o
), and Mn1+xCr2 xO4 x (2  = 33.5

o
, 63.0

o
), according to JCPDS 

file [26]. XRD patterns in Fig. 2 (c) confirm that crystalline -Al2O3 has been deposited on 

SSWC800 after wash-coat with a aqueous solution of Al(NO3)3·9H2O and calcinations. 

Furthermore, in the case of Pt/Al2O3/SSWC800 (Fig. 2 (d)), the major peak (111 plane) of Pt at 

2  = 39.8
o
 could not be observed due to the overlap with Al2O3 of the support, Al2O3/SSWC 

[25].

Fig. 3 shows the SEM images of SSWC, SSWC800, Al2O3/SSWC, and Pt/Al2O3/SSWC800 

samples. Fig. 3 (b) shows clearly that the roughness of the surface was improved by thermal 

treatment compared to untreated SSWC (Fig. 3 (a)). The generated oxide layer was formed with 

irregular shaped crystals with diameter ranging from 0.5 to 1 µm. The XRD results suggest that 

these crystals correspond to Cr rich oxides and Cr-Mn compounds. Al2O3 deposited on untreated 

SSWC in Fig. 3 (c) was irregularly aggregated in the corners of the channels. Al2O3/SSWC in 

Fig. 3 (c) shows homogeneously deposited Al2O3 layer using Al(NO3)3·9H2O solution as a 

precursor, and adhesion of 92 % of the Al2O3. The adhesion was increased to 95 % when the 

SSWC was thermally treated at 800  for 12 h which can be attributed to the improvement of 

superficial roughness.

Fig. 4 shows magnified SEM images of Al2O3/SSWC800 and Pt/Al2O3/SSWC800 by wash-
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coat in order to see the morphology and metal compositions on the oxide layer. The SEM images 

show clearly that the oxide layer (mainly Al2O3) was forming cracks on SSWC800, and that the 

layer has an irregular shape and size. It was thought that this was attributable to the thermal 

expansion coefficient of the metallic support is different from the oxide layer. After the Pt wash-

coat, the oxide layer of Pt/Al2O3/SSWC800 had many complex structures which could have 

contributed to the increased BET surface area (Fig. 1). The EDS sum spectra result for Fig. 4 (a) 

and Fig. 4 (b) are presented as the composition for Al, Cr, Mn, Fe, Ni, Pt, and O elements in 

Table 2. From the EDS result, it can be seen that the Pt was detected in Fig. 4 (b), and the Pt 

particles with 2.67wt% were deposited on Al2O3 mixed with oxide layer. However, the particle 

size of Pt on the metal oxide layer could not be determined from SEM image. For this reason, the 

crushed Pt/Al2O3 layer on SSWC800 was observed by TEM image and result are shown in Fig. 

5. Nanosized Pt particles with different sizes could be found in Pt/Al2O3, and homogeneous 

existed in almost below 10 nm. It was also found that the sizes of Pt particles were observed in 

the range from 2 nm to 8 nm, and an average particle size was 4.5 nm from histogram of particle 

size (Fig. 5 (b)). Pt loading measured by ICP-AES was 4.3wt%, quite close to the theoretical 

value (5.0wt%). 

3.2. Catalytic activity 

Fig. 6 shows the catalytic activity for ethylene oxidation over all the samples as a function of 

reaction temperatures. Ethylene conversion for untreated SSWC was fairly low starting at 300 

and reaching 54 % of conversion at 500 . It shows clearly that the ethylene oxidation activity 

was increased by thermal treatment. The higher catalytic activity of SSWC800 may indicate that 

the oxide layer has an influence on catalytic activity [15,16,31]. However, Al2O3/SSWC800 was 

significantly less active than SSWC800, and that was practically inactive in the reaction 

temperature range examined. The addition of Pt particles to Al2O3/SSWC800 resulted in a 

significant increase of activity for ethylene oxidation. That is, ethylene conversion over 

Pt/Al2O3/SSWC800 was also increased with increasing reaction temperature and reached to 100 

% at ca. 220 . SEM image of Al2O3/SSWC800 (Fig. 2 (d)) suggests a better adhesion of the 

Al2O3 to SSWC800 than that to SSWC, which also contributes to improve the catalytic 

performances because Pt particles can be homogeneously deposited on Al2O3/SSWC800. As a 
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result, catalytic activity for ethylene oxidation showed a positive relationship with the Al2O3

adhesion.

Fig. 7 shows the catalytic activity for ethylene oxidation of the Pt/Al2O3/SSWC800 and 

powdered Pt/Al2O3 catalyst (GHSV = 2,960 h
-1

). The Pt/Al2O3/SSWC800 reaches complete 

oxidation in ethylene conversion at over 210 , while the powdered Pt/Al2O3 shows 100 % 

conversion at 170 . The higher catalytic activity of the powdered Pt/Al2O3 was considered the 

influence of the short contact time of the reactant. The Pt/Al2O3/SSWC has a lower activity than 

powdered Pt/Al2O3, but the metallic support can minimize the pressure drop associated with high 

flow rates. 

To check the reproducibility, repeated catalytic tests in the range from 150 to 220 � were 

performed four times over Pt/Al2O3/SSWC800 and were results shown in Fig. 8. It seems to be 

that the activity is decreased with the increased number of tests, but Pt/Al2O3/SSWC800 shows a 

negligible change of activity in ethylene conversion within the temperature range of ± 5 

during the reproducibility test.

Fig. 9 shows the effect of the GHSV in the range of 1,480 - 8,880 h
-1

 on ethylene conversion 

which was studied at different temperatures (190 and 210 ). As expected, the ethylene 

conversion is decreased with increased space velocity. For reference, the stability test was 

performed at 210  during 92 h with GHSV = 5,920 h
-1

 over Pt/Al2O3/SSWC800 in ethylene 

oxidation activity. It was confirmed that the Pt/Al2O3/SSWC800 has a good stability with 35 ± 

4.5 % of conversion (data not shown). Finally, the Pt/Al2O3/SSWC800 catalyst showed a good 

reproducibility and stability in ethylene oxidation, which means the SSWC support going 

through adequate pretreatment process could be known to be an effective support applicable to 

environmental catalyst system. 

4. Conclusions 

Here we reported that it is possible to use a stainless steel substrate for catalyst support. 

Pt/Al2O3 catalyst supported on SSWC was prepared and characterized, followed by catalytic 

activity in ethylene oxidation. When SSWC was pretreated by thermal oxidation, adhesive ability 

of the Al2O3 as primer and superficial roughness were gradually increased.  It was also observed 
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that the deposited Pt particles on Al2O3/SSWC by the wash-coat method described were well 

dispersed with homogeneous size below 10 nm. Pt/Al2O3/SSWC has a lower activity than 

powdered Pt/Al2O3, but the supported catalyst can minimize the pressure drop associated with 

high flow rates. Pt/Al2O3/SSWC800 has a good reproducibility and stability in ethylene 

oxidation, although the ethylene conversion is decreased with increasing space velocity. It has 

been shown that SSWC is an effective support for environmental catalysts when high flow rates 

are required. 
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Tables

Table 1. Textural properties of SSWC, SSWC800, Al2O3/SSWC800, and Pt/Al2O3/SSWC800  

Samples SBET (m
2
/g)

a
 Vtotal (10

-3
 cm

3
/g)

b
 Daverage (nm)

c

SSWC 2.6 ± 0.08 0.1 2.1 

SSWC800 4.0 ± 0.13 2.2 2.6 

Al2O3/SSWC800 16.9 ± 0.21 14.1 2.5 

Pt/Al2O3/SSWC800 17.0 ± 0.18 14.4 2.5 

a
BET surface area, based on the linear part of the 5 point adsorption data at P/P0 = 0.06 - 0.20. 

b
Total pore volume, calculated by the HK method at P/P0 = 0.97. 

c
Average pore diameter, caculated by the HK method at P/P0 = 0.01 - 0.70. 
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Table 2. EDS sum spectra analysis for Fig. 4 (a) and Fig. 4 (b) 

Elements 
Composition (wt%) 

Fig. 4 (a) Fig. 4 (b) 

Al 6.68 19.87 

Cr 34.02 24.23 

Mn 10.78 7.83 

Fe 21.51 23.76 

Ni 3.66 - 

Pt - 2.67 

O 23.34 21.64 
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Figure captions

Fig. 1. N2 adsorption isotherms of SSWC, SSWC800, Al2O3/SSWC800, and Pt/Al2O3/SSWC800. 

Fig. 2. XRD patterns of SSWC (a), SSWC800 (b), Al2O3/SSWC800 (c), and Pt/Al2O3/SSWC800 

(d). 

Fig. 3. SEM images of SSWC (a), SSWC800 (b), Al2O3/SSWC (c), and Al2O3/SSWC800 (d). 

Fig. 4. SEM images of Al2O3/SSWC800 (a) and Pt/Al2O3/SSWC800 (b). 

Fig. 5. STEM image (a) and histogram of particle size (b) of Pt/Al2O3/SSWC800. 

Fig. 6. Effect of reaction temperature on catalytic activity for ethylene oxidation (GHSV = 5,920 

h
-1

).

Fig. 7. Comparisons of catalytic activity for ethylene oxidation between the powdered Pt/Al2O3

and Pt/Al2O3/SSWC800 (GHSV = 2,960 h
-1

).

Fig. 8. Reproducibility test on catalytic activity for ethylene oxidation over Pt/Al2O3/SSWC800 

(GHSV = 5,920 h
-1

).

Fig. 9. Effect of GHSV on ethylene conversion over Pt/Al2O3/SSWC800 at different 

temperatures. 
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Fig. 1. N2 adsorption isotherms of SSWC, SSWC800, Al2O3/SSWC800, and 

Pt/Al2O3/SSWC800. 
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Fig. 2. XRD patterns of SSWC (a), SSWC800 (b), Al2O3/SSWC800 (c), and Pt/Al2O3/SSWC800

(d). 



Page 18 of 24

Acc
ep

te
d 

M
an

us
cr

ip
t

18

   

   

  Fig. 3. SEM images of SSWC (a), SSWC800 (b), Al2O3/SSWC (c), and Al2O3/SSWC800 (d). 
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Fig. 4. SEM images of Al2O3/SSWC800 (a) and Pt/Al2O3/SSWC800 (b). 
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Fig. 6. Effect of reaction temperature on catalytic activity for ethylene oxidation (GHSV = 5,920 

h
-1

).
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Fig. 7. Comparisons of catalytic activity for ethylene oxidation between the powdered Pt/Al2O3

and Pt/Al2O3/SSWC800 (GHSV = 2,960 h
-1

).
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Fig. 8. Reproducibility test on catalytic activity for ethylene oxidation over Pt/Al2O3/SSWC800

(GHSV = 5,920 h
-1

).
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Fig. 9. Effect of GHSV on ethylene conversion over Pt/Al2O3/SSWC800 at different 

temperatures. 


