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Abstract 

The study investigated the mechanical and thermal properties of catalytic honeycomb constructed from 

locally sourced Mfensi clay which was blended with silica, feldspar and Kaolin.  

Feldspar, primarily made up of K-Feldspar and Gordonite, provides crucial mechanical strength and 

thermal stability, according to morphological and chemical characterization such as XRD studies. At high 

temperatures, Mfensi clay's substantial quartz component improves its refractoriness and structural 

stability. The presence of silicate and aluminate networks in the feldspar and Mfensi clay was also 

confirmed by the FTIR results; these networks have a significant impact on the material's thermal 

characteristics and ion exchange. They are quite important for the converter's effective catalytic activities. 

Distinct angular particles with smooth surface texture was identified by the SEM, this was confirmed by 

the EDX upon revealing the existence of oxygen, silicate and aluminum. The structure of Mfensi clay was 

elongated, columnar, and plate-like, with a somewhat uniform arrangement. The primary elements of 

silicon (Si), oxygen (O), and aluminum (Al) were validated by EDX analysis. Following a number of 

processing procedures, such as  molding, controlled drying and firing at 1180 ℃, a fired shrinkage of  

6.85% was obtained and this fired shrinkage could be a sign of good thermal integrity and dimensional 

stability, as well as temperature swings. The study's porosity of 33.1%  obtained is within the ideal range 

of 25–45% for catalytic honeycombs. The compressive strength was 65.5 KN/mm⁻² (6.55 MPa) and the 

thermal conductivity was 0.37 W/mK. These values are in line with those utilized for catalytic converter 

substrates based on mullite or alumina. 

 

1.0. Introduction 

The growing global challenge in air pollution has necessitated the need to look  out for sustainable 

pathways through which emission from automobiles engines can be worked on, so that they come out 

clean into the environment (Patel et al., 2014), (Bergek et al., 2014). After combustion in the engine 

compartment , poisonous gases, such as carbon mono oxide, unburnt hydrocarbon and oxides of nitrogen  

are  Produce and released eventually into the environment. Upon the release of these poisonous gases into 

the environment, they turn out to pose a great treat to the environment and its habitants (Patel et al., 2022). 

For instance, the carbon mono oxide released into the environment combine with the hemoglobin of the 

blood of humans when inhaled to form carboxyhemoglobin which is poisonous and could  lead to the 

serious health issues and in worse cases causing death. 

http://www.ijfmr.com/
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Pathways , needs to be developed to salvage the environment from such catastrophic pollutants. Catalytic 

converter have been known to be the most effective too that have been used over the years to control and 

covert these gases to less poisonous and environment friendly gases. The catalytic convertor has a 

honeycomb substrate that is responsible for the conversion  of the pollutants. There are two main types, 

and they are the two-way and the three-way catalytic converters. The three way is mostly uses in 

automobile with petrol engines while the two way is aligned with the diesel engines. The TWC is 

responsible for two main reactions . They are responsible for oxidizing carbon monoxide into carbon 

dioxide , oxidizing the unburnt hydrocarbon into carbon dioxide and water and reducing the oxides of 

nitrogen into nitrogen gas (Gambarotta et al., 2019). 

The substrate in the TWC is a ceramic product, which is manufactured from cordierite and mullite. These 

base materials are selected based on their excellent  mechanical and  thermal stability(Susan & Shukla, 

2023).but their production and processing line makes the final product expensive. notwithstanding the fact 

that  it is expensive, the TWC can also  fail after it has been used for over one-hundred thousand kilometers 

(10000km) and when they fail, it becomes difficult for especially automobile users in developing countries 

like Ghana to purchase and replace. At the end the failed substrate is removed, and poisonous gasses are 

allowed  directly into the environment without been converted. For the purposed of continuity, researchers 

are working around the clock to locate materials that are more accessible, preferably locally sourced, 

sustainable , cheap , excellent mechanical property and thermal stability to replace the existing ones 

(Twigg & Webster, 1998). 

Natural aluminosilicate clay is in abundance and cheap as well. It can therefore be sourced as an alternative 

to the existing cordierite base honeycomb (Kovacev, 2022). Mfensi clay, a locally sourced clay    from 

Ghana, was employed in this study as the base material for a catalytic substrate. The Mfensi clay was 

carefully combined  with  additives, such as silica to improve refractoriness, feldspar to promote liquid-

phase sintering and densification, and kaolin to provide essential plasticity for honeycomb extrusion, the 

clay's potential was achieved. High porosity for effective gas diffusion, sufficient compressive strength to 

withstand mechanical shock, and outstanding thermal stability to withstand temperatures above 1000oC 

are all functional requirements for the final composite (Ross et al., 2025). 

By developing this new way to build catalytic honeycomb substrate from Mfensi clay, we are bridging the 

gap between local resources and high-tech engineering. This study's specific goals were to successfully 

produce a honeycomb substrate from the Mfensi clay composite using enhanced extrusion and high-

temperature firing protocols; precisely measure mechanical and thermal properties, such as fired 

shrinkage, apparent porosity, compressive strength, and thermal conductivity; validate these parameters 

against established specifications for conventional catalytic substrates; and perform mineralogical and 

structural characterization of the material using XRD, FTIR, SEM, and EDX to confirm phase stability 

and microstructural integrity. Finally, this research aims to validate Mfensi clay as a resilient, sustainable, 

and cost-effective alternative to conventional catalytic converter substrates, promoting local resource use  

and supporting cleaner automotive emissions. 

 

2.0. Methodology 

The primary materials used in the development of the honeycomb structures included Mfensi clay, kaolin, 

feldspar, silica sand, zeolite, and water. In addition to these, several auxiliary materials and tools were 

employed during the preparation process, such as plaster of Paris (P.O.P), sieves of varying mesh sizes, 

and metal molds. 

http://www.ijfmr.com/
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The clay obtained from Mfensi was dried, crushed and then sieved with a mesh to obtain very fine particle. 

The clay size was not uniform,  because some particle sizes were finer than others. 

The feldspar was extracted from its parent rock, then crushed, ground, and sieved to obtain the desired 

particle size. A mesh sieve was used to ensure uniformity, resulting in the required granulometry for the 

intended application The sand was also ground and sieved to obtain the required sizes. The method used 

was similar to the one used above. The kaolin was obtained in its raw state. In other to know that the 

primary materials   (Mfensi clay and the feldspar) were viable for the preparation of a catalytic honeycomb  

, the following characterization were done: XRD, FTIR, SEM and EDX. 

2.1. Preparation of the catalytic honeycomb 

Table 1: The Various Compositions of Raw Materials Expressed In Percentages 

Materials  A B C D E 

Clay  42.1 36.8 31.8 26.3 21.1 

Feldspar  5.3 5.3 5.3 5.3 5.3 

Silica  10.5 10.5 10.5 10.5 10.5 

Kaolin 42.1 43.4 53.3 57.9 63.2 

Five different compositions  of clay, feldspar, silica and kaolin as shown in Table 1. A typical catalytic 

converter honeycomb was produced through the process of forming , drying, firing at temperatures of 

1050oC and 1180oC 

The Mfensi clay, feldspar, silica and kaolin after they have been prepared were mixed until a uniform 

mixture was obtained. Some quantity was added to the prepared mixture until it attained the state at which 

casting could be done. The prepared clay mixture was transferred to a worktable where various molds had 

been set up for casting the honeycomb structures. Since the honeycomb differs in size from one automobile 

to the other different sample shapes were casted for the different samples used. 

After forming, the honeycomb was dried, as much moisture as possible was removed from the honeycomb 

structure to prevent cracking or explosion in the kiln. The drying process involved the careful removal of 

moisture from the wet material to ensure uniform drying from the inside out. To enhance drying efficiency 

and uniformity, the honeycombs were periodically repositioned throughout the drying period.  

The firing process proceeded the drying. An electric kiln was used for firing the honeycomb samples. The 

kiln operated on a 220 V power supply and could reach temperatures up to 1500oC. For this study, the kiln 

was set to two specific firing temperatures of 1050 °C and 1180oC depending on the sample batch. A 

honeycomb fabricated is as shown in figure 1 

http://www.ijfmr.com/
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Figure 1: A picture of the fabricated honeycomb 

 
2.2. Characterization of raw materials and fired honeycomb 

Mfensi clay and feldspar were characterized using Xray diffraction. This was done by using a Bruker D2 

Phaser instrument, operating at 30 kV and 10 mA with Cu Kα radiation for crystalline phase 

identification. Patterns were systematically collected across the 5o to 70o (2θ)range, utilizing a fine step 

size of 0.02o and a 2-second counting time per step to ensure high angular resolution. Fourier Transform 

Infrared Spectroscopy (FTIR) was conducted on a Bruker TENSOR 27 spectrometer in Attenuated Total 

Reflectance (ATR) mode to identify molecular functional groups. Spectra were recorded 

from 4500 to 500 cm−1 with an 8 cm−1 resolution and 128 scans, utilizing background subtraction for 

optimal signal-to-noise ratio. Finally, the surface morphology was studied using  Scanning Electron 

Microscopy (SEM), here, a Nova NanoSEM 450 field-emission instrument at 20 KV was used and 

simultaneously the semi-quantitative elemental composition was determined through integrated Energy 

Dispersive X-ray Spectroscopy (EDX). 

2.3. Physical, mechanical and thermal characterization of the honeycomb 

Percentage dry and fired shrinkages were determined by first determining the green length, ambient dried  

length and the fired length. Prior to this, cubes were formed which were used in the determination of the 

shrinkages. After the green cube has been formed, a meter rule and a sharp object was used in drawing 

two diagonal line on top of the cube. Marks were made at the extreme vertices of the diagonals. The 

distance between these  points was measured and recorded at three distinct stages of thermal processing.  

These included, points measured immediately after cube formation (Green length), points ,measured after 

sample has reached a constant dry stage(Dry length) and points measured after required fired treatment 

temperatures (Fired  length).  

The dry shrinkage and fired shrinkage were determined using equation 1 as shown below.  

% 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 =
𝑔𝑟𝑒𝑒𝑛 𝑙𝑒𝑛𝑔𝑡ℎ−𝑑𝑟𝑦 𝑜𝑟𝑓𝑖𝑟𝑒𝑑 𝑙𝑒𝑛𝑔𝑡ℎ

𝑔𝑟𝑒𝑒𝑛 𝑙𝑒𝑛𝑔𝑡ℎ
× 100                          (1) 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260377001 Volume 8, Issue 3, May-June 2026 5 

 

The apparent porosity (PA) was determined through the Archimedes method (Moradi et al., 2014), 

calculating the ratio of the open pore volume to the bulk volume after 24-hourwater saturation and 

equation 2 was used in computing the values. 

                                 % 𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =
𝑊𝑠−𝑊𝑎

𝑊𝑠−𝑊𝑤
× 100 %.             (2) 

Wa=Weight of dry sample in air 

WW = Weight of saturated sample in water 

WS = Weight of saturated sample in air 

 Compressive strength was assessed by determining the top and down areas and their average A was 

recorded . A  load was applied  to the measured surface area until structural failure, yielding the ultimate 

strength in MPa as described in equations below. The comprehensive strength was measured 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝐶𝑟𝑢𝑠ℎ𝑖𝑛𝑔 𝐿𝑜𝑎𝑑

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑜𝑛 𝑡ℎ𝑒 𝑝𝑙𝑎𝑡𝑒𝑠
                        (3) 

Where the crushing load is given by failure multiplied by machine factor (0.0258) 

Finally, thermal conductivity (K) was measured using the Lee's Disc method under steady-state 

conditions, where the stabilized temperatures (T1, T2) allowed for the calculation of heat transfer through 

the clay composite (Mohapatra et al., 2014).  

 

3.0. Results and Discussions 

3.1. Physical and chemical composition of Mfensi clay composite that makes it possible to be used 

for the manufacture of a catalytic honeycomb substrate 

The composite leverages Mfensi clay as the primary aluminosilicate source, the addition of  silica and 

control feldspar acted as a critical fluxing agent to promote liquid-phase sintering (Smith & Jones, 2023). 

When the composite was fired to a temperature above 1000 ℃, the composite was now dominated by a 

crystalline phase mullite  (3Al2O3⋅2SiO2) and residual quartz bound by an amorphous vitreous matrix (Lee 

& Chen, 2024, Adom & Mensah, 2022). This microstructure of the composite at this stage  delivered the 

required high compressive strength and controlled, interconnected apparent porosity essential for exhaust 

gas flow and catalyst wash coat adhesion. The Mullite phase exhibited  a low coefficient of thermal 

expansion, which then gave the composite the superior thermal shock resistance required  of catalytic 

honeycomb substrates (Rodriguez & Patel, 2021). The morphological, physical, mechanical and thermal 

characterization of the Mfensi clay composite are discussed as shown below. 

 

3.2. Morphological and Chemical Characterization of Raw Materials  

3.2.1.X-Ray Diffractometry (XRD) 

The mineralogical compositions identified from the XRD spectra are presented in Figure 2. 

http://www.ijfmr.com/
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Figure 2. XRD spectra marked with major mineral components of (a) feldspar and (b) Mfensi clay. 

 

The XRD analysis of the feldspar sample in Figure 2(a) revealed a composition dominated by K-feldspar 

(35.1%) and Gordonite (25.1%), with minor phases including mica and quartz. The composition of the 

feldspar sample in Figure 2(a) was found to be dominated by K-feldspar (35.1%) and Gordonite (25.1%), 

with mica and quartz being minor phases. Feldspar is composed of a family of tough minerals, including 

Gordonite and K-Feldspar, according to the testing (Kratz, 2022). These minerals serve as the crucial 

foundation for catalytic converters rather than being directly in charge of exhaust purification. They 

provide the rock-solid support that holds the catalyst such as platinum, palladium ,and rhodium together, 

ensuring these catalyst can perform their core functions even in the intense heat of an engine. Feldspar 

also influences the mechanical and thermal stability of the composite. a high content of K-Feldspar and 

Gordonite within the feldspar, prevents material degradation and mechanical failure in harsh thermal 

vibratory environment of a catalytic converter. This harsh thermal vibratory environment originates from 

continuous thermal expansion and contraction cycles (Upadhyay, 2025). This intrinsic properties of 

feldspar makes it a component for emission control device (Mrowczynski et al., 2023).  

the XRD pattern in figure 2b for Mfensi clay identifies the following:62.9 % of quartz, 22.8 % of kaolinite, 

11% of muscovite. This clearly makes quartz the predominant mineral. The sharp distinct peaks associated 

with quartz, confirms its crystalline nature. Quar4tzs being a hard crystalline with a Mohs hardness of 7 

(Omotoyinbo et al., 2014) and taking into accounts its content in the Mfensi clay, would improve the 

properties of the clay. 

furthermore, the high percentage of quartz in the Mfensi clay would enhance the clays chemical resistance 

and improve its refractoriness. As catalytic processes occurs at elevated temperatures, a high refractoriness 

of Mfensi clay would be an advantage (Lil et al., 2024). More importantly, mechanical stability, perfect 

gas flow and favorable catalytic reaction would be improved due to the presences of quartz (Hans-

Joachim,1992). 

http://www.ijfmr.com/
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3.2.2 Fourier-transform Infrared (FTIR) Spectroscopy 

The presence of functional groups, which can greatly affect the materials' adsorption characteristics and 

general chemical behavior, was determined through FTIR analysis. Figure 3 (a) and (b) shows the FTIR 

spectra obtained. 

  

Figure 3: Fourier-transform Infrared (FTIR) spectra of the mineral components of (a) Feldspar and 

(b) Mfensi clay. 

 

3.2.2.1. Feldspar FTIR Analysis  

Si-O-Si stretching vibrations are characterized by a high, broad peak at 1011.76 cm−1 (Sagar & Singh, 

2025), proving the existence of a strong silicate network that provides the structural backbone of quartz 

and feldspar and greatly adds to the material's mechanical strength. Al-O-Si vibrations are represented by 

weaker medium peaks at 734.34 cm−1 (Krishnamurthy et al., 2021), suggesting that aluminum has replaced 

silicon in the silicate network. The high aluminum content, which corresponds to Al-O-Al bonding, is 

further confirmed by the peak at 520.16 cm−1. As shown in Figure 3(a), the feldspar spectra showed a 

shoulder medium band at 3612.57 cm−1. Since pure feldspar normally lacks OH groups, this indicates the 

stretching of OH molecules, which is probably connected to muscovite or other hydroxyl impurities within 

the material (Wickramasuriya et al., 2021). These silicate and aluminate networks have a significant effect 

on the material's ion exchange and thermal characteristics, which are crucial for effective catalytic activity 

inside the converter 

3.2.2.1.2 Mfensi Clay FTIR Analysis  

The stretching vibrations of inner-surface hydroxyl groups, which are typical of kaolinite where aluminum 

primarily occupies octahedral locations, were represented by a spectral band at 3668.04cm−1 in the FTIR 

spectrum of Mfensi clay, as shown in Figure 3(b) (Mgbemere et al., 2020). Al-O bending, which is 

frequently seen in aluminosilicate minerals, is identified by a peak at 993.4 cm−1, whereas the band at 

913.85 cm−1 represents Al-O stretching that is typical of the kaolinite structure (Ncube et al., 2020). The 

presence of complex aluminosilicates typical of clays is reinforced by peaks at 673.15 cm−1 and 530.36 

cm-1, respectively, which are attributed to Si-O and Si-O-Fe stretches (Ncube et al., 2020, Nayak &Singh, 

2007). 

These structural components and functional groups are essential in determining the material's surface 

chemistry and gas interactions, which directly affect catalytic activity. Additionally, the O-H bending of 

http://www.ijfmr.com/
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water molecules is shown as a peak at 1615 cm−1. Kaolinite may have an innate ability to absorb pollutants 

due to its layered structure, which is beneficial for catalytic applications. 

3.2.3. Scanning Electron Microscopy (SEM) and Energy Dispersive X-Ray (EDS) Analysis 

The figures 4(a) and 4(b) show the results of  the composition of elements and microstructural 

characteristics of the raw material feldspar 

 

  
Figure 4a: Scanning electron microscopy (SEM) of feldspar. 

Figure 4b: EDX spectra of Feldspar. 

 

3.2.3.1. Feldspar Analysis 

As displayed in Figure 4(a), a SEM study of feldspar showed discrete angular particles with smooth 

surface textures. Aluminum, silicate, and oxygen were confirmed to be present in the EDX spectra 

displayed in Figure 4(b). Also, certain impurities like potassium, carbon, and sodium were present. The 

angular shape of these particles improves shear strength and particle interlocking within the green body, 

which is advantageous for ceramic processing (Dong et al., 2021). From a catalytic standpoint, angular 

shapes' sharp edges and larger surface area can enhance mass transfer by creating more gas molecule 

collision points. This improves catalytic activity and boosts thermal stability by reducing sintering and 

increasing mechanical strength (Aldefae et al., 2020). 

3.2.3.2. Scanning Electron Microscopy (SEM) and Energy Dispersive X-Ray (EDS) Analysis of 

Mfensi Clay 

Figure 5 (a) and 5(b)shows the microstructural features and elemental composition of the raw material 

Mfensi clay 

 

http://www.ijfmr.com/
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Figure 5(a): Scanning electron microscopy (SEM) of Mfensi clay. 

Figure 5(b): EDX spectra of Mfensi clay. 

 

3.2.3.2.1 Mfensi Clay Analysis 

An extended columnar and plate-like morphology with a fairly regular arrangement was the main 

characteristic of the microstructure of the Mfensi clay, as shown in Figure 5(a) (Lawanwadeekul et al., 

2023). The EDX analysis displayed in Figure 5(b) confirmed silicon (Si), oxygen (O), and aluminum (Al) 

as important elements, which  was in line with earlier FTIR and XRD studies. Trace amounts of iron 

confirmed the presence of ferrous compounds (Gualtieri et al., 2013). The synergistic effect of this dual 

elongated columnar and platelike form is very beneficial for catalytic converter materials. In the end, by 

promoting optimal particle packing and porosity are both necessary for efficient gas flow and molecular 

diffusion, this combination shape increases overall catalytic efficiency and selectivity (Deng et al., 2023). 

In addition, through microstructural modification, this innate synergy offers the potential to adjust catalytic 

properties for specific uses 

 

3.3. Physical characterization 

3.3.1. Fired Shrinkage 

Table 2: Average % Fired Shrinkage of Casted Samples at 1050 ℃  and 1180 ℃ 

Sample % Average Shrinkage at 1050 ℃ % Average Shrinkage at 1180 ℃ 

A 6.29 8.57 

B 5.27 8.86 

C 5.71 6.85 

D 5.43 7.42 

E 6.0 10.0 

 

Fired shrinkage is caused by progressive physiochemical densification, which is initiated by initial 

sintering below 1000 °C and further accelerated above this temperature by feldspar vitrification (Torres et 

al., 2025). Feldspar acts as a flux, filling pores with a glassy liquid phase that promotes the formation of 

mullite and interparticle bonding. This consistently resulted in significantly more shrinkage at 1180 °C 

(6.85 % to 10.0%) than at 1050 °C (5.27 % to 6.29 %). This discernible volume decrease at higher 

temperatures indicates the formation of a denser and more compact microstructure. Dimensional precision 

depends on maintaining small but enough shrinkage; Sample C's 6.85 % shrinkage at 1180 °C is within 

http://www.ijfmr.com/
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acceptable bounds for ceramic substrates, indicating promising dimensional stability (Saleh and Hasan, 

2025). 

3.3.2. Apparent Porosity 

The accessible surface area for catalyst wash coat deposition and gas flow dynamics are directly impacted 

by apparent porosity, a crucial indicator of the empty space within a ceramic material. 

Table  shows the average apparent porosity for casted samples at different firing temperatures 

 

Table 3 : Average % Apparent Porosity of Casted Samples at 1050 ℃ and 1180 ℃ 

Sample % Average Apparent Porosity at 1050 ℃ % Average Apparent Porosity at 1180 ℃ 

A 37.3          32.9 

B 46.2          40.3 

C 41.3          33.1 

D 39.8          39.4 

E 51.4          44.1 

 

Apparent porosity consistently decreased at the higher firing temperature of 1180 ℃ and 1050 ℃. A direct 

result of improved vitrification and sintering that decreased the volume of linked pores in both sample 

types. The feldspar fluxing agent, which encourages the formation of a liquid phase at 1180 ℃ and results 

in superior densification and a subsequent decrease in water absorption capacity, is responsible for this 

temperature-dependent reduction. For catalytic honeycomb substrates, reaching the ideal porosity range 

of 25–45 % is essential. 

3.4. Mechanical Characterization 

3.4.1. Compressive Strength 

A critical mechanical property of ceramic substrates is their compressive strength, which shows 

 their ability to bear axial loads and survive breakage under operational pressures. Compressive strength 

testing were carried out in this study in compliance with ASTM C standards. 

Table 4 shows the average compressive strength values for both cast and pressed samples, fired at 1050 

°C and 1180 °C 

 

Table 4 : Compressive Strength of Casted Samples ( KNmm-2 X 10-4) 

Casted 

Sample 

Average Compressive Strength at 

1050 ℃ 

Average Compressive Strength at 1180 

℃ 

A 18.9 95.5 

B 22.0 80.5 

C 22.9 65.5 

D 16.82 56.69 

E 14.26 63.6 

 

It is observed that the compressive strength of Mfensi clay casted was higher at higher temperature. For 

example, the compressive strength of casted sample c increased from 22.9×10−4 KN/mm at 1050oC to 

65.5×10−4 KN/mm2 at 1180 (Abushama et al., 2023). At higher temperature, there is a decrease in the 

empty spaces in the material, and this may be the reason why a higher compressive strength is observed. 

Feldspar vitrification also  creates a glassy liquid phase that helps in increasing the particle bond 

http://www.ijfmr.com/
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encourages strong inter-particle bonding, which in this case increases the compressive strength [(Ben et 

al., 1998, Milisevic et al., 2019). The material’s ability to withstand extreme mechanical stresses in 

automotive applications is confirmed by the high compressive strength values that arise, which satisfy the 

specifications for a lasting catalytic converter substrates. 

 

3.5 Thermal Characterization 

3.5.1. Thermal Conductivity 

Thermal conductivity is an important characteristic of a catalytic honeycomb substrate. It is responsible 

for the regulation of heat inside the catalytic bed. It directly influences the reaction kinematics, reduces 

hot spot creation and ensures overall catalytic efficiency and thermal stability. The average thermal 

conductivity of casted samples is as shown in table 5 below. 

 

Table 5 : Average Thermal Conductivity of Casted Samples at 1050 ℃ and 1180 ℃ (W/mK) 

Casted 

Sample 

Average Thermal Conductivity at 1050 
OC 

Average Thermal Conductivity at 1180 
OC 

A 0.44 0.32 

B 0.41 0.38 

C 0.38 0.37 

D 0.45 0.41 

E 0.62 0.56 

 

An ideal thermal conductivity is essential for efficient heat management in catalytic applications, this is 

because, it controls temperature gradients over the catalyst bed and inhibits the development of localized 

hotspots that lead to catalyst deactivation (Folorunso et al., 2015). Overall catalytic stability and effective 

reaction kinetics depends on an even heat profile. A thermal conductivity value of 0.37W/mK by Mfensi 

clay composite aligns with standard catalytic honeycomb values (Onwusa et al., 2025),this makes the 

Mfensi clay composite a potential material for the use as catalytic converter substrate in in automobile 

 

4.0. CONCLUSION 

The manufacturing of catalytic converter honeycomb structures using  Mfensi clay improved with 

feldspar, kaolin, and silica was successfully established in this work. Mineralogical and elemental 

compositions were confirmed by material characterization using X-ray diffraction (XRD), scanning 

electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX), confirming the suitability 

of Mfensi clay for the intended use.  

At a firing temperature of 1180 ℃ an apparent porosity of 33.1 % and a low fired shrinkage of 6.85 % 

were attained. The reasonable shrinkage attained, suggests a good  dimensional stability over thermal 

changes, and the porosity value in a range of (25 %–45 %) falls  within an ideal range for catalytic 

substrates. Furthermore, the material exhibited a high compressive strength of 6.55 MPa (65.5 KN/mm2) 

and a thermal conductivity of 0.37 W/m³K.These results show the material's capability for high-

temperature and load-bearing conditions, as they are equivalent to those of traditional alumina or mullite-

based catalytic converter substrates. 

Importantly, different Mfensi clay compositions showed promising characteristics in all assessed metrics, 

suggesting a broad range of potential for this locally sourced resource. The reported relatively low thermal 
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conductivity may enhance heat distribution and control over catalytic reactions, even while the high 

compressive strength ensures durability and a longer service life. All things considered, this study 

demonstrates that Mfensi clay is a viable, economical, and sustainable alternative to the production of 

catalytic honeycomb. Future studies should focus on long-term durability under simulated operating 

conditions and investigating chemical interactions with various catalytic agents to fully realize its 

potential. 
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