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Abstract 
 

A series of Cu-Fe-base kaolin samples were prepared using the sol-gel method for semi hydrogenation of acetylene. The 
catalysts were comprehensively characterized with scanning electron microscope (SEM), X-ray diffraction (XRD), X-ray 
photoelectron spectroscopy (XPS) and H2-temperature programmed reduction (H2-TPR). The rough structures of the catalysts 
support acetylene movement on the catalyst’s surface and the desorption of ethylene. The catalysts promote ethylene 
selectivity and yield remarkably. The changes in the morphology of the modified kaolin with Cu-Fe improved the mass 
transport of reactants and products. The observed slight shift of the characteristic peak of Cu to a lower energy level in the 
XPS profile indicates changes in the electronic structure. These changes could stem from interactions of Cu with Fe and Kaolin 
or changes in the catalyst’s surface. The prepared catalyst was tested for semi-hydrogenation of C2H2 within the temperature 
range of 100 to 200 ℃. In general, CuxFe0.5/Kaolin catalysts exhibited good activity. The Cu3Fe0.5/kaolin ratio gave the highest 
yield, with >95% selectivity and >93% conversion, which is due to the shift in the Cu binding energy towards low energy which 
was more evident in this ratio. These results will enrich the use of non-precious metals as industrial catalysts for thermal 
conversion of C2H2 to ethylene. 
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1. Introduction 

Ethylene (C2H4) is one of the most important precursors in the 

chemical industry[1-3] with an annual global demand of over 

185 Mt.[4] It is used mainly as a precursor for polymers such as 

vinyl chloride, polyethylene, ethylene benzene, etc. C2H4 is a 

prominent intermediate in the synthesis of drugs, pesticides, 

and other valuable chemicals.[5] A high percentage of C2H4 is 

polymerized to form polyethylene; the rising demand for 

ethylene in the chemical industry is demonstrated by the 

diverse output of the end products from this product.[6] 

The methods of producing C2H4 include naphtha stream 

cracking, dehydrogenation of saturated counterparts (ethane), 

ethanol dehydration, electrochemical conversion 

of greenhouse gases (mainly CO2 and CH4) and hydrogenation 

of acetylene. Hydrogenation catalysis stands as the basis of the 

chemical industry; it serves as one of its pillar reactions.[7,8] 

Selective hydrogenation of acetylene (C2H2) to C2H4 

without promoting further hydrogenation to ethane or other 

side reactions[9] is of high commercial importance. The 

separation of C2H2 from ethylene by traditional fractional 

distribution is not economically favorable because of the high 

energy demand. Thus, selective hydrogenation of C2H2 is also 

an appropriate method in the purification of ethylene in the 

C2H2 - C2H4 stream when C2H2 poses a threat for further use 

(such as polymerization) of C2H4 feedstock.[10] Selective 

catalytic hydrogenation requires a task-specific approach. The 

catalyst employed must allow high acetylene conversion, high 
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selectivity concerning C2H4, high stability and regeneration, 

easy preparation and relatively low cost.[6] Over the years, 

suitable catalysts for the conversion of C2H2 to C2H4, such as 

Ni, Au, Pd, Cd, Ba, Ca, Zn, Mg, Ag, Cu, Fe, Pt, and Ir,[11-13] 

have been used. The conditions responsible for high 

performance have also been severely studied due to the 

industrial interest in ethylene. However, these catalysts have 

been reported to suffer from the formation of oligomer,[14] high 

activation energy,[15] and catalyst deactivation.[16,17] 

Among other monometallic catalysts, Pd metal has shown 

outstanding activity of ≈ 97% C2H2 conversion. However, Pd 

has poor selectivity towards C2H4, SC2H4 ≈ 62%,[18] which led 

to the modification with Ag,[19] Ga,[20] Au,[21] Cu,[22,23] and Zn[24] 

using Al2O3, SiO2, CaCO3, TiO2 etc. as support.[19] However, 

partial hydrogenation of acetylene appears challenging with 

Pd based-catalyst due to the formation of sub-surface H in the 

form of β-PdH, coke build-up on the active Pd sites and 

deactivation of catalysis during hydrogenation of C2H2.[25-27] 

Therefore, it is more realistic to search for stable catalysts that 

reduce the oligomer formation to the minimum, maximize the 

rate of ethylene formation, and enhance the ethylene 

desorption and at a relatively low cost. 

Hybrid catalysts offer several advantages,[28] such as 

improved catalytic performance, increased stability, tunable 

selectivity, and stability. The essential components of hybrid 

catalysts can be synthetically controlled, investigated in a wide 

range of reaction conditions, and optimized to obtain the 

maximum catalytic performance. Cu is earth-abundant and has 

been severely studied as an electrocatalyst[29,30] and thermo-

catalyst[31] for its high activity towards acetylene 

hydrogenation. Although Fe has been less commonly used for 

the semi-hydrogenation of acetylene, it nevertheless serves as 

a good promoter for Cu by increasing the activity of Cu. Here, 

kaolin is utilized due to its natural abundance, relatively 

inexpensive,[32] thermally stable and structural porosity. This 

porosity enhances the accessibility of reactants to the catalytic 

sites and dispersions of catalytic active sites, promoting 

efficient reaction kinetics and reducing mass transfer 

limitations. Precious metals are expensive, relatively scarce 

and sensitive to sulfur poisoning.[33] Photothermal 

hydrogenation of acetylene to ethylene using atomically 

dispersed Pd2+ on a nitrogen-doped graphene support has been 

reported with good conversion and selectivity.[34] However, 

utilization of precious metals as catalysts relatively increases 

the overall cost of C2H2 production. Therefore, there is a need 

to synthesize a relatively low-cost catalyst with high 

performance. 

In this work, CuxFe0.5/Kaolin was prepared using the sol-

gel method with naturally abundant metals/materials to lower 

the production cost. The effect of varying Cu loading on kaolin 

was studied while keeping the Fe content constant. The choice 

of the hybrid catalyst in this work is not only for its high 

tendency for selective hydrogenation of acetylene but also for 

its low environmental toxicity and cost-effectiveness to pave 

the way for rational design of highly selective catalysts for 

acetylene hydrogenation to make more ethylene. The variation 

in the Cu loading and its interaction with Fe and the kaolin 

support was studied by characterizing the catalyst with 

techniques such as scanning electron microscope (SEM), X-

ray diffraction (XRD), X-ray photoelectron spectroscopy 

(XPS) and H2-temperature programmed reduction (H2-TPR). 

 

2. Experimental section 

2.1 Catalyst preparation 

Kaolin was purchased from Shanghai Macklin Biochemical 

Co., Ltd and was modified using NaOH. All precursors 

(Fe(acac)2, 98.5% purity, procured from Sinopharm Chemical 

Reagent Co., Ltd and Cu(acac)2, 97% purity, purchased from 

Macklin) were used as purchased with no further purification.  

A series of CuxFe0.5/Kaolin catalysts were prepared with 

different Cu loading using sol-gel method. To prepare 2% of 

Cu and 0.5% of Fe(acac)2 loading in 10g of kaolin, 0.83 g of 

Cu(acac)2 and 0.22 g Fe precursor were dissolved in ethanol 

with 10 g of base-modified kaolin as support. The mixture was 

stirred for 1 hour at room temperature, and ammonia solution 

was added both as a gel-forming agent and to adjust the pH of 

the mix. Citric acid was added as a complexing agent, and the 

mixture was stirred for another 2 hours at 60 ℃ temperature 

to ensure even distribution. After which, it was made to dry in 

an oven at 100 ℃ for 12 hours. The prepared catalyst was 

further calcined at 500 ℃ for 3 hours under air atmosphere. 

The as-prepared catalysts are designated as CuxFe0.5/Kaolin, 

where x refers to the percentage loading of Cu. Subsequently, 

3%, 4% and 5% were prepared according to the loading of Cu 

in kaolin while the amount of Fe is kept constant (0.22 g). 

 

2.2 Characterization 

To measure the crystalline structures of the catalysts, XRD 

was performed with the aid of a Rigaku, Tokyo, Japan, Ultima 

IV diffractometer with a Cu Kα monochromatized radiation (λ 

= 1.54056 Å) at a scanning speed of 0.05° s−1 within 2θ range 

of 5° to 90° at 40.0 mA, and 40.0 kV. The results were 

analyzed using PANalytical X'Pert Pro. JEOL-JSM-7800F 

prime-LV high-resolution microscope with acceleration 

voltages of 25.0 kV was used to investigate the morphology of 

the catalyst. XPS was recorded on an ESCALAB 250 

spectrometer (Thermo Fisher Scientific, Al Kα, hν =1486.6 eV) 

under a vacuum of ∼2×10−7 Pa and a spot size of 500.0μm, for 
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ionic and elemental composition of the prepared catalyst. H2-

TPR was performed to analyze the reducibility of the catalysts. 

A 0.09 g sample was placed in a quartz reactor connected to a 

conventional TPR apparatus. The reactor was heated from 50 

- 900 ℃ at a heating rate of 10 ℃/min, and a thermal 

conductivity detector (TCD) was used to measure the amount 

of H2 uptake during the reduction. NH3-TPD was also 

performed to ascertain the surface acidity of the catalyst. 

 

2.3 Catalytic test 

Selective hydrogenation of C2H2 was performed using a fixed-

bed reactor. 0.2 g of the CuxFe0.5/Kaolin catalyst was loaded 

in the center of a quartz tube guided by silica wool on both 

sides. The catalyst was reduced in H2/He at 250 ℃ for 30 

minutes. In this study, a gas mixture of C2H2, C2H4, H2 and He 

in the ratio of 1:10:10:79 was used as feedstock, making a total 

flow rate of 50 SCCM controlled with Mass flow controllers. 

The products were analyzed at different temperatures such as 

100 ℃, 125 ℃, 150 ℃, 175 ℃, and 200 ℃. The products 

were analysed by an online gas chromatograph (GC), and a 

flame ionization detector (FID) was used to detect and 

quantify the product separated by the chromatographic column. 

The conversion of acetylene (Xacetylene), selectivity of 

ethylene (Sethylene) and yield (𝑌𝑖) were calculated using:  

𝑋𝑎𝑐𝑒𝑡𝑦𝑙𝑒𝑛𝑒 =
𝐶2𝐻2(𝑖𝑛)−𝐶2𝐻2 (𝑜𝑢𝑡)

𝐶2𝐻2 (𝑖𝑛)
 100                  (1) 

𝑆𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒 = (1 −
∑P𝑖

𝐶2𝐻2 (𝑓𝑒𝑒𝑑)−𝐶2𝐻2 
) 100                 (2) 

𝑌𝑖 =  
𝑋𝑎𝑐𝑒𝑡𝑦𝑙𝑒𝑛𝑒 𝑆𝑒𝑡ℎ𝑦𝑙𝑒𝑛𝑒

100
                             (3) 

 

3. Result and discussion 

3.1 Phase Identification 

XRD analysis was conducted to show the crystal pattern of the 

prepared catalysts. As shown in Fig. 1, the prominent 

diffraction peaks for kaolin (Aluminum silicon oxide) 

appeared at 2θ of 16.4°, 25.9°, and 26.2° (PDF# 01-082-0037). 

After CuFe was loaded, a sharp crystalline peak of CuO, 

monoclinic with a space group of C2/c (PDF# 01-089-2530) 

emerged at 2θ of 35.2 ° , 35.5 ° , 38.5 ° , 38.9 °  and 48.7 ° 

corresponding to the crystal planes of (-111), (002), (111), 

(200), and (-202) respectively. While Fe2O3 peaks (PDF# 01-

073-0603), rhombohedral with space group R-3c 

corresponding to the crystal plane of (110), whose peak 

overlapped at 2θ of 35.6o with that of CuO was highly 

dispersed in all prepared catalyst. The sharp and narrow peaks 

observed indicate a good crystallinity level and that 

CuxFe/kaolin was synthesized successfully. A similar XRD 

profile obtained here was observed in the work where 

FeCu/Kaolin was used as an electrode.[35] 

 

3.2 Morphology 

It was shown in the SEM image (Fig. 2) that CuxFe/kaolin of 

different Cu loadings synthesized under similar conditions 

have slightly different morphologies. The difference in 

morphology of the catalysts was seen as an increase in 

superficial roughness from pure kaolin in Fig. 2a to the 

modification with CuxFe (Figs. 2b, c, d and e). This increased 

roughness promotes better contact between the catalyst, 

reactant and product. Thereby, facilitating mass transport of 

reactants to active sites and the removal of products from the 

catalyst surface.[36] The irregularities in the surface possibly 

create a pathway for the interaction between the reactants, the 

active sites and the product desorption, thus enhancing 

catalytic efficiency. The results from the SEM-EDS agree with 

that of the XRD profile, confirming that CuxFe0.5/Kaolin was 

successfully synthesized. The irregularity in the shape of the 

catalyst as seen in the SEM image coupled with the surface 

roughness, could be a contributing factor facilitating mass 

transport of reactants to active sites and the removal of 

products from the catalyst surface, thereby, improving mass 

transport of reactants and products. 

 

Fig. 1 XRD Profile for CuxFe0.5/Kaolin. 

 

3.3 Composition and ionic states 

XPS spectra peak of Cu 2p was deconvoluted to correspond to 

the binding energy of electrons in the Cu 2p3/2 and Cu 2p1/2 

energy level at 933.63 - 934.74 eV and 953.18 - 954.46 eV, 

respectively.[37] The characteristic peak of Cu was observed to 

shift slightly to a lower energy level; this is more evident in 

Cu3Fe0.5/Kaolin. The observed slight shift to a lower energy 
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Fig. 2 SEM Image (a) kaolin; (b) Cu2/kaolin; (c) Cu3Fe0.5/kaolin; (d) Cu4Fe0.5/kaolin; (e) Cu5Fe0.5/kaolin. 

 

level indicates changes in the electronic structure; also, the 

reduction could stem from interactions of Cu with Fe and Al-

Si in kaolin or changes in the catalyst's surface environment. 

Furthermore, the 3d orbital of Fe is partially filled, Cu could 

act as an electron donor because of the partially filled 4s band. 

In a Cu-Fe alloy, electrons could flow from Cu to Fe, leading 

to an orbital hybridization. The orbital hybridization can be 

said to influence the electronic structure of active sites. This 

fact is in agreement with the orbital hybridization theory. Cu 

2p3/2 peaks of CuxFe/Kaolin samples shift slightly to a lower 

binding energy of 934.85 eV. The Cu3Fe0.5/Kaolin also shows 

the highest ratio of Cu2+ among the prepared catalysts (Table 

1). The XPS signal from the Fe 2p core level in CuxFe/Kaolin 

samples is shown in Fig. 3b. The Fe 2p XPS signal was 

deconvoluted into the Fe 2p1/2 at 723.56 ± 1 eV and Fe 2p3/2 

at 713.69 ± 1 eV. At 2% Cu loading, the ratio of Fe 2p1/2 was 

found to decrease with increasing Cu loading but then 

increased at 5% Cu loading. Serrano et al. explained that both 

Fe 2p1/2 and Fe 2p3/2 play roles as catalyst promoters in the 

semi-hydrogenation of acetylene to ethylene and both can act 

as active sites for the hydrogenation of acetylene to ethylene.[38]  

 

3.4 Redox properties 

Hydrogen Temperature-Programmed Reduction was used to 

study the reducibility of metal oxide species in the prepared 

CuxFe0.5/Kaolin catalyst by monitoring their reaction with 

hydrogen gas at different temperatures. It gave insights into 

the redox properties of the catalyst and the interactions 

amongst the metal species and the support, as shown in Fig. 4. 

A broad undefined peak at about 45 ℃ to 668 ℃ was 

Table 1. XPS analysis of CuxFe0.5/Kaolin. 

Catalysts 
Elemental 

status 
Cu 2p3/2 Cu 2p1/2 Fe 2p1/2  Fe 2p3/2 

Cu2Fe0.5/Kaolin 

Species Cu2+ Satellite Cu2+ Satellite Fe2+ Satellite Fe3+ 

BE (eV) 934.74 942.85 954.46 962.71 723.56  713.69 

Area 15947.50 9068.03 8789.97 5750.59 7755.35  5785.33 

RA (%) 63.75 36.25 60.45 39.55 57.27  42.73 

Cu3Fe0.5/Kaolin 

BE (eV) 933.63 941.89 953.18 961.81 724.82 716.61 711.76 

Area 11625.60 5967.78 4971.81 3616.67 10492.30 5754.79 10774.3 

RA (%) 66.08 33.92 57.89 42.11 38.82 21.29 39.89 

Cu4Fe0.5/Kaolin 

BE (eV) 933.72 942.42 953.51 962.11 725.05 715.90 711.49 

Area 9041.68 5070.61 4847.05 4842.35 6963.87 6497.91 6911.41 

RA (%) 64.07 35.93 50.03 49.97 34.18 31.89 33.93 

Cu5Fe0.5/Kaolin 

BE (eV) 933.82 942.09 953.45 961.85 724.32 716.66 711.89 

Area 8500.43 5112.25 3769.28 2355.99 10277.50 1406.03 8908.78 

RA (%) 62.44 37.56 61.54 38.46 49.91 6.83 43.26 
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Fig. 3 XPS deconvolution of (a) Cu 2p and (b) Fe 2p of CuxFe0.5/Kaolin samples. 

 

observed with kaolin. However, after adding CuFe, a shift to 

lower temperature was observed for Cu2Fe0.5/kaolin with two 

peaks at 290 ℃ and 370 ℃ corresponding to CuO and Fe2O3 

peaks respectively. However, as the loading of Cu increased 

from 2% to 3%, a further shift to a lower temperature with a 

sharp peak was observed, indicating that copper oxide 

reduction was promoted with well-dispersed Fe2O3. The shift 

to a lower temperature peak suggests that additional copper 

created more easily reducible species on the support’s surface. 

It also shows a strong interaction between Cu and Fe species, 

forming intermetallic compounds.[39] The broad, partially 

defined peak observed for Cu2Fe might indicate the synergistic 

effects of copper and iron on the redox properties of the 

CuxFe0.5/Kaolin catalyst. The changes in peak positions, 

intensities, and broadening indicate the complex interactions 

between the metal species and their effects on the catalyst's 

reducibility. The H2-TPR result agrees with the XRD result, 

showing a well-dispersed Fe2O3 at Cu loading greater than 2%. 

 

3.5 Surface acidity 

The surface acidity distribution and strengths of the 

CuxFe0.5/Kaolin catalyst samples were determined by 

analyzing their acidic properties using NH3-TPD analysis. The 

NH3 desorption peaks were observed at 167 °C, 284 °C, and 

508 °C. These peaks were categorized as weak, medium, and 

strong acid sites, respectively.[40] The distribution of acid sites 

varies with Cu loading. As observed from the NH3-TPD 

profile in Fig. 5, the weak acidic site observed in kaolin 

support shifted to a lower temperature from 166 °C to 150 °C 

after 2% Cu was added. Although there was a slight shift 

towards high temperatures observed at 3% Cu, the density of 

acidic sites on the catalyst surface in the weak acidic site was 

the highest at this Cu concentration. A decrease in temperature 

towards the weak acidic site was observed with increasing Cu 

loading. The broad peaks observed indicate higher number of 

sites. The peak at the weak acidic sites could facilitates the 

adsorption/desorption of acetylene, the medium and strong 

acidic sites can activate the acetylene molecule for 

hydrogenation. The presence of different acidity strengths 

allows for selective activation of acetylene while minimizing 

undesired side reactions.[41] According to the reports, the 

presence of acid sites with lower strength facilitates the 

desorption of the product. A notable example is observed in 

the Fe/ZSM-12 catalyst, which exhibits relatively weaker 

surface acidity, resulting in rapid desorption of ethylene upon 

its formation. This observation highlights the influence of the 

catalyst surface acidity on the binding affinity of the ethylene 

product.[40] 
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Fig. 4 H2-TPR Profiles of CuxFe0.5/Kaolin. 

 
Fig. 5 NH3 TPD profile of CuxFe0.5/Kaolin of different ratios of Cu loading. 
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4. Catalytic performance 

4.1 Effect of temperature and metal loading on catalyst 

performance 

Acetylene conversion increased with increasing temperature, 

as shown in Fig. 6a. The Cu and Fe oxides within the catalyst 

displayed a synergistic effect, which ultimately led to an 

enhancement in conversion rates to a maximum. Nevertheless, 

the introduction of additional Cu loading resulted in a 

subsequent decrease in conversion rates. To achieve a better 

understanding of the relationship between the structures of the 

catalysts and the catalytic performances, the influence of the 

CuxFe atomic ratios on the catalyst’s conversion, selectivity, 

and yield was shown in Fig. 6b. It is worth noting that the 

highest conversion (93.27%), selectivity (95.79%) and yield 

(89.34%) was observed with Cu loading of 3% 

(Cu3Fe0.5/kaolin) at 200 ℃. 

The effect of Cu loading on CuxFe0.5/kaolin was studied at 

200 ℃ and demonstrated in Fig. 6c. The percentage 

conversion of C2H2 increased from 27.18% with kaolin to a 

maximum of 93.27% with Cu3Fe0.5/kaolin, after which 

acetylene conversion started decreasing with further loading 

of Cu. A similar trend of rising and falling with an increase in 

Cu loading was observed with the percentage selectivity of the 

desired product. 

In Fig. 7 shows a decrease in selectivity as the temperature 

rises from 100 °C to 200 °C. This phenomenon occurs because 

as the temperature increases, the proportion of side products 

obtained from the reaction using CuxFe/kaolin becomes 

significant. Notwithstanding, a selectivity of 95.79% was 

observed at 200 ℃ for Cu3Fe0.5/kaolin. A graph of selectivity 

of all products (desired and by-products (Fig. 6d)) obtained 

was also plotted. The percentage of 1,3-butadiene was 

observed to be the highest competing by-product with a 

maximum value of 5% at 5% Cu loading and 6% on kaolin 

support. 

Higher acetylene conversion was achieved at higher 

temperatures, but as the increase in the main reaction rate was 

observed, it enhanced the rate of side reactions. This trend was 

also reported in previous studies.[27]   

 

4.2 Comparison with other literature 

The activity of the catalyst in this work was compared to those 

from previous works. The activity of Cu3Fe0.5/kaolin was 

competitive with the conversion and selectivity of other work 

containing the precious metal catalyst. Although 100% 

conversion has been achieved using Pd2Ga1-xSnx
[42] and 

Pd1/ND@G)[43] as shown in Fig. 8 nevertheless, the synthesis 

of these catalysts involves the use of precious metal, which

 
Fig. 6 Catalytic performance of CuxFe0.5/Kaolin: (a) Temperature and loading effect on percentage conversion of C2H2; (b) Percentage 

conversion, selectivity and yield at 200 ℃; (c) conversion at 200 ℃; (d) Selectivity of desired and by-products at 200 ℃. 
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Fig. 7 Ethylene selectivity against temperature. 

 
Fig. 8 Comparison of the activity of CuxFe/Kaolin with those of Pd2Ga1-xSnx,[42] Mco-PdCu/MgAl-cHT,[44] InPd2,[45] PdCu/C-375,[46] 

AgPd0.01/SiO2,[47] Ag@PdAg/LDHs,[48] Pd1/ND@G),[43] Pd0.006Cu/SiO2,[49] CuNi7/ZSM-12,[40] GaPd,[50] GaPd2/CNT.[51] 
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might result in an overall high cost of ethylene production. 

It is worth noting that almost all catalysts alloyed with Pd 

had achieved the semi-hydrogenation of acetylene at a lower 

temperature, which is commendable; however, Pd is toxic, and 

the aim is to design a catalyst that is relatively inexpensive and 

environmentally benign. CuNi7/ZSM-12,[40] had also given a 

conversion of 100% at 250 ℃ but the selectivity is not as high 

as the selectivity obtained in this work, coupled with the fact 

that Ni is relatively toxic. 

 

5. Reaction mechanism 

C2H2 comes near the active site of CuxFe0.5/Kaolin by 

adsorbing onto the catalyst's surface; the triple bond in 

acetylene interacts with metal sites on the catalyst surface. 

Hydrogen (H2) molecules also adsorb onto the catalyst surface 

and migrate to the adsorbed acetylene. One hydrogen atom is 

added to one carbon of the C2H2, forming a vinyl intermediate.  

H2(g) + CuxFe/kaolin(s) → 2H[CuxFe/kaolin] 

C2H2(g) + CuxFe/kaolin(s) → C2H2[CuxFe/kaolin] 

C2H2[CuxFe/kaolin] + H[CuxFe/kaolin] → C2H3[CuxFe/kaolin] 

C2H3[CuxFe/kaolin] + H[CuxFe/kaolin] → C2H4[CuxFe/kaolin] 

C2H4[CuxFe/kaolin] → C2H4(g) + CuxFe/kaolin 

The vinyl intermediate undergoes further hydrogenation 

with another hydrogen atom adding to the vinyl intermediate 

on the surface of CuxFe/kaolin, forming ethylene. Ethylene 

and hydrogen desorb from the catalyst's surface, limiting 

further hydrogenation, thereby supporting high selectivity. 

The unique structure of the catalyst ensures the easy 

adsorption of acetylene on the surface of CuxFe/kaolin and the 

desorption of ethylene from the catalyst's surface, promoting 

plausible and remarkable selectivity and yield of ethylene 

rather than excess hydrogenation to ethane. The formation of 

higher hydrocarbons is neglected in the mechanism of this 

work because the by-products formed are negligible. Horiuti–

Polanyi mechanism[52] has been used to describe the 

mechanism in this work.  

 

6. Conclusion 

CuxFe0.5/Kaolin catalyst was successfully synthesized for the 

semi-hydrogenation of acetylene to ethylene. The effect of Cu 

loading and its interaction with kaolin support was studied by 

characterizing the catalyst with techniques such as SEM, 

XRD-EDS, XPS, H2-TPR and NH3-TPD techniques. This 

characterization gave insight into the structure and 

morphological changes with increased Cu loading. Changes in 

ionic states, electronic and binding energy were evident, as 

well as redox properties of CuxFe/Kaolin. The as-synthesized 

Cu3Fe0.5/kaolin catalyst not only demonstrates a highly 

competitive activity compared with the usage of precious 

metals such as Pd and Ag but also shows high activity for 

acetylene semi-hydrogenation and remarkable selectivity of ˃ 

95 towards ethylene, leading to increased yield. The relatively 

high selectivity obtained in this research could be attributed to 

ethylene desorption from the catalytic active sites of 

CuxFe0.5/kaolin catalyst. The further hydrogenation of 

ethylene to ethane was suppressed due to the absence of a 

hydrogen spill reservoir in the CuxFe0.5/kaolin catalyst. 
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