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Abstract: Diesel particulate filter (DPF) plays a direct role in creating cleaner air and reducing public health risks.
Filters made from FeCrAl sintered metal fibers (SMFs) offer outstanding mechanical strength and thermal
conductivity. DPF depends primarily on its available surface area. In addition, surface area regulates the density of
active catalytic sites for the oxidation process. The current study focuses on the optimization of the FeCrAl SMFs
surface area through controlled thermal oxidation. Thermal oxidation process leads to the formation of a high-area
aluminum oxide layer. Experimental results, using Brunauer-Emmett-Tiller (BET) analysis, Investigate the impact
of oxidation temperature on SMF surface area. In this investigation, Sample 5 (oxidized at 1000 °C) showed the
smallest surface area of 107 cm?/g. This indicates that thermal oxidation at 1000 °C represents a thin or poorly
developed oxide layer. Samples 2 and 4, oxidized thermally at 800 °C and (930-960-990) °C respectively, produced
intermediate surface areas, ranging from 210 cm?/g to 300 cm?/g. This shows that these temperatures facilitate
greater oxide growth than 1000 °C, but do not achieve the maximum possible surface area development. Sample 3,
oxidized at 900 °C, achieved the highest surface area of 1569 cm?/g, demonstrating that 900 °C is highly effective in
high-surface-area oxide form. This study confirms that oxidation temperature is an important factor in optimizing
the surface area of FeCrAl metal microfibers.
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I. INTRODUCTION

Structured catalytic supports based on SMFs offer excellent advantages in chemical process engineering, including high
porosity, superior mechanical strength, and improved heat and mass transfer properties. FeCrAl alloys have developed as a
preferred material for high-temperature applications due to their exceptional resistance to oxidation [1]. Thermal oxidation
represents an approach to overcome this limitation by transforming the smooth metal surface into a nano-structured oxide
layer with high surface area. Thermal oxidation generates a well-integrated and well bonded layer with a high surface area
directly from the solid [2]. Accurate measurement of this surface area increases the value of the process optimization,
making BET analysis an essential tool in this development [3]. The most common method for describing surface area is the
analysis of BET surface area. The BET indicates to Stephen Brunauer, Paul Hugh Emmett, and Edward Teller, the
researchers who conducted a 1938 study on the theory used to estimate surface area. BET assumptions are based on a
homogeneous surface, limited molecular interactions, kinetically limited process, and unlimited adsorption at saturation [4].
The BET surface area model equation. [5]:

P 1 C-1(P _
Va(Po—P)  CVi + CViy (E) Equation (1)
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where:

P is the pressure of the adsorbate

P, is the vapor pressure of the adsorbate,

V. is the adsorbed volume,

Vnm is the monolayer volume,

and C is a constant related to the heat of adsorption and condensation.

This research provides investigation of the thermal oxidation parameters of FeCrAl SMFs, using BET methodology to
establish specific relationships between processing of thermal oxidation and surface area development. The current study
focuses particularly on applying BET theory to understand structure growth and verify the practical effects on FeCrAl SMFs
surface area.

Il. LITERATURE REVIEW

The Brunauer-Emmett-Teller (BET) theory, introduced in 1938, has kept as a based on surface area measurement for porous
materials using physical gas absorption measurements [4]. Performing BET analysis on surface-modified metallic materials
presents unique methodological challenges. Studies on FeCrAl alloy foils have shown that degassing conditions critically
influence BET measurements of oxidized surfaces [6]. Research has also revealed that the C constant BET equation provides
valuable insights into the properties of the oxide layer, with higher C constant values associated with well-developed
intermediate porosity [7]. Several researchers used BET analysis to measure the developed surface area in thermally
oxidized FeCrAl sintered metal fibers. Jedamski et al. analytically investigated the relationship between oxidation
parameters and BET surface area, noting that heat treatment in range of 950 °C and 1050 °C produced the good improvement
[8]. The strategic application of thermal oxidation to FeCrAl sintered metal fibers to enhance their surface area is a well-
established methodology in materials engineering for use as filtration substrates [9]. Experimental study by Nitschka and
Clark confirmed that thermal oxidation of FeCrAl sintered fiber filters in air at temperatures in range between 900 °C and
1100 °C leads to the growth of complex surface topography dominated by aluminum plates [10].

Quantification of surface area enhancement resulting from thermal oxidation is measured with high precision using gas
absorption techniques. The Brunauer-Emmett-Tiller method applied to nitrogen absorption curves is considered the standard
for determining the specific surface area of these high-surface-area oxides [4]. In addition, Study on FeCrAl alloys showed
that the surface area obtained by the BET method is dependent on the isothermal oxidation temperature, with a characteristic
peak observed at an intermediate temperature before a sharp decline [11]. Improving thermal oxidation parameters is a
essential step in engineering high-performance catalytic filtration media made from SMFs [12]. Current research confirms
the existence of a specific thermal limit for achieving maximum surface area.

I11. EXPERIMENTAL SECTION

The SMFs samples were cut to a diameter of 1 cm and cleaned using methanol in an ultrasonic bath for 1/2 hour. Then,
samples were dried in an oven at 120 °C for 1 hour. The heat treatment process was carried out at the Nanotechnology
Laboratories at Kuwait University. Two procedures were used for heating the samples: (1) For Samples 1,2,3,and 5 , a
single-stage heat treatment was conducted at fixed temperatures of 700 °C, 800 °C, 900 °C, and 1000 °C for 4 hours; (2)
For Sample 4, a multi-stage heat treatment was carried out at gradual temperatures of 930 °C, 960 °C, and 990 °C for 1, 1,
and 2 hours, respectively. Table | summarizes the heat treatment processes. The heat treatments were performed in a covered
electric furnace (Model No. JMSF-270) as shown in Fig .

TABLE I: THERMAL OXIDATION AND TIME

Sample No. Thermal oxidation Temperature Time (hours)

1 700 °C Four

2 800 °C Four

3 900 °C Four

4 930 °C, 960 °C, and 990 °C One, one, and two
5 1000 °C Four
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Fig. 1 The heat treatments were performed in a covered electric furnace (Model No. JIMSF-270)

A two step of a nano coating protocol was carried out to apply a nanolayer wash on a series of samples labelled as Samples
1to 5. The initial stage involved the deposition of a mixed oxide layer. This was achieved by coating the five samples with
aluminum oxide (Al.Os) with a nominal particle diameter of 50 nm, and yttrium oxide (Y20s) with an average diameter of
approximately 10 nm. After deposition, the coated samples were dried at 120 °C. The drying process was followed by a
subsequent calcination step, where the calcination temperature was systematically increased across the sample set, with
Samples 1 to 5 subjected to heat treatment at 700 to 1000 °C. The secondary stage consisted of an aqueous infiltration
process. In this step, all samples were evenly coated with a solution containing ammonium meta tungstate,
(NHa4)s[H2W12040].nH20. At a concentration of five percent by weight. The samples were then dried again at 120 °C and
the process ended with heating at constant temperature of 700 °C.

process of N, adsorption was applied in this investigation, and a surface area analyzer from the Gemini VII 2390 series
from Micromeritics Instrument Corporation was utilized in the current measurements is shown in Fig. I1. It’s also illustrating
the process of weighing samples using a glass rod and a sensitive balance device. Before degassing, the samples were
weighed three times, and then the average weight was calculated. The degassing process of the samples is shown using a
heating bath at 400 °C with an air evacuation procedure, followed by re-weighing the samples to obtain gas-free samples.

A Dewar sample cell is illustrated, with at least half filled with N7 in liquid form, after entering the parameters, the relative
pressure of N, adsorption ratio is determined using the standard multi-point Brunauer-Emmett-Teller (BET) method for
surface area evaluation, where the relative pressure equation:

(i) Equation (2)

Fig. Il surface area analyzer from the Gemini V11 2390 series from Micromeritics Instrument Corporation was
utilized in the current study
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IV. RESULTS AND DISCUSSION

In this study, the BET surface area analysis is considered to investigate and determine the surface area of samples. All SMFs
samples have the same nanocoating, but they differ in the pattern of Al,O3 layer formation spread over the metallic surface.
BET surface area tests were applied to the coated samples, which were further supported with aluminum-yttrium oxides
(Al203-Y203) and nano tungsten (W) coatings.

Table II: THERMAL OXIDATION TEMPERATURES AND SURFACE AREA

Sample No. | Thermal oxidation Temperature Surface area (cm2/g)
1 700 °C Unmeasurable
2 800°C 210
3 900 °C 1569
4 930 °C, 960 °C, and 990 °C 300
5 1000 °C 107
(950-960-950) *C —
s 000 ¢ -
700°C
BET Surface Araa (Cm/g)
Fig. 111 The BET surface area determinations for the coated samples

The BET surface area determinations for the coated samples were displayed in Fig. 111 and Table Il, where the maximum
and minimum BET surface area values were Sample 3 with 1569 cm?/g and Sample 5 with 107 cm?/g, respectively.
Additionally, the surface area values for Samples 2 and 4 ranged between 210 cmz2/g and 300 cm?/g. On the contrary, Sample
1 was not measurable using the BET surface area estimation. Surface area analysis using the BET method revealed
significant differences in the physical structure of 5 nano coated Samples. Thermal treatment during this initial stage
determines the final microstructure. Sample 3, which showed the highest surface area of 1569 cm?/g, gained from a heating
temperature of 900 °C. This finding is consistent with the work of previous study, which demonstrated that carefully
controlled heating rates can create highly porous alumina structures with large surface areas [13]. The more moderate
surface areas that observed for Samples 2 and 4, ranging between 210 and 300 cm?/g, indicate a less ideal porous structure.
This aligns with the observations of another investigation mentioned that thermal conditions can lead to partial collapse of
pores in mixed-pellet alumina systems, reducing the available surface area [14]. The low surface area of Sample 5 (107
cm?/g) is a common sign of high temperature. Moreover, a study effectively demonstrated, temperatures approaching 1000
°C can cause severe sintering in nanocoating, when particles stick together with heat, their edges melt slightly and merge
into one solid piece. This makes the empty spaces and holes between them disappear, resulting in a solid, dense object. [15].
Finally, the unmeasured surface area of Sample 1 indicates a layer that was either very dense or non-porous, in all probability
because the heating temperature process was low to properly form a stable porous surface, a phenomenon previously
observed by earlier study [16]. Thermal oxidation and the application of a nanoscale wash-coat can help to achieve A high
surface area. Small particles, such as nanoparticles, have a high surface-to-volume ratio, which can lead to a large surface
area that enhances catalyst activity.
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V. CONCLUSION

Based on the analysis of the five samples, the heat treatment process directly controls the surface area of the nano-coating.
The measured surface areas varied greatly, from a very high 1569 cm?/g to a very low 107 cm?/g. This variation shows that
the heat treatment changes the material's physical structure. Sample 3, with the highest surface area, shows that the correct
heating creates a porous structure ideal for catalysis. Samples 2 and 4, with moderate surface areas, have a less developed
porous structure. Sample 5 with low surface area indicates that excessive heat caused particles to fuse, reducing porosity.
Sample 1 could not be measured, meaning its coating was too dense, likely because the heating temperature was too low to
form pores. In summary, achieving a high-surface-area coating depends entirely on carefully controlling the heat treatment.
To develop an effective catalyst, the heating process must be optimized to create and maintain the necessary porous
structure.
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