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SYNTHESIS AND CHARACTERIZATION OF EFB CLINKER SUPPORTED 

NICKEL CATALYST FOR SYNGAS PRODUCTION FROM REACTIVE 

FLUID MIXTURE OF CO2-CH4 
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Methane dry reforming is environmental friendly due to the potential sequestration of CO2. 

Therefore, substantial research works have been carried out to develop reforming catalysts that 

exhibit high catalytic performance and excellent longevity. The current work reports on the 

synthesis of 20wt%Co/80wt%EFB clinker and 20wt%Ni/80wt%EFB clinker catalysts via wet-

impregnation technique, followed by various characterization techniques such as BET, XRD, 

XRF, TGA and FESEM. The BET specific surface area of Co/EFB clinker and Ni/EFB clinker 

catalyst were 2.83 m
2
g

-1
 and 2.37 m

2
g

-1
, respectively. In addition, XRD diffractogram of EFB 

clinker showed two highest peaks at around 2θ = 27.2° and 31.5°, which can be attributed to 

CaO and K2O species, respectively. This finding was also consistent with XRF analysis where 

potassium (K) and calcium (Ca) were positively identified. Subsequently, methane dry 

reforming studies revealed that Ni/EFB clinker catalyst always yielded higher formation rates of 

H2 and CO. Indeed, the rate was maximum at CO2:CH4 feed ratio of unity. The average 

conversion of CH4 for reactions using Co/EFB clinker and Ni/EFB clinker catalyst are obtained 

to be 78.26 % and 78.19 % respectively. Meanwhile, the average conversion of CO2 for 

reactions using Co/EFB clinker and Ni/EFB clinker catalyst are 80.40 % and 81.17 % 

respectively. When reaction temperatures were varied, the activation energy over Co/EFB 

clinker was 124.4 kJ mol
-1

 while that for the reaction over the Ni/EFB clinker catalyst was 113.0 

kJ mol
-1

. Post reforming reaction, oxidation profiles of the used catalysts indicated carbon-free 

condition. This was corroborated by the FESEM images for both sets of used catalysts, where 

no carbon whisker was found. 
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ABSTRAK 

Tindak balas metana dan karbon dioksida merupakan satu proses yang mesra alam. 

Oleh itu, banyak penyelidikan telah dijalankan bagi menghasilkan pemangkin yang 

berprestasi tinggi dan berhayat panjang. Kerja ini bertujuan untuk menghasilkan 

pemangkin yang berasaskan Ni dan Co yang disokong oleh klinker tandan buah sawit 

melalui kaedah impregnasi basah dengan formulasi yang 20-80. Pelbagai teknik 

pencirian seperti BET, XRD, XRF, TGA, FESEM dan EDX telah digunakan untuk 

mendapatkan ciri-ciri pemangkin yang dihasil. Kajian BET mendapati bahawa kawasan 

permukaan tertentu BET untuk pemangkin Co/EFB klinker dan Ni/EFB klinker adalah 

2.83 m
2
g

-1
 and 2.37 m

2
g

-1
 masing-masing. Di samping itu, diffractogram XRD EFB 

klinker menunjukkan dua puncak di 2θ = 27.2 ° dan 31.5 °, yang boleh dikaitkan 

dengan spesis Cao dan K2O. Carian ini juga konsisten dengan analisis XRF iaitu kalium 

(K) dan kalsium (Ca) dapat dikenal pasti secara positif. Selain itu, kajian tindak balas 

metana dan karbon dioksida mendedahkan bahawa pemangkin Ni/EFB klinker sentiasa 

menghasilkan kadar penghasilan H2 dan CO yang lebih tinggi. Sesungguhnya, kadar itu 

adalah maksimum pada CO2:CH4 bernisbah 1:1. Penukaran purata CH4 untuk tindak 

balas menggunakan pemangkin Co/EFB klinker dan Ni/EFB klinker didapati ialah 

78.26% dan 78.19% masing-masing. Sementara itu, penukaran purata CO2 untuk tindak 

balas menggunakan pemangkin Co/EFB klinker dan Ni/EFB klinker didapati ialah 

80.40% dan 81.17% masing-masing. Apabila suhu tindak balas telah diubah, tenaga 

pengaktifan bagi Co/EFB klinker adalah 124.4 kJmol
-1

 manakala bagi tindak balas yang 

pakai pemangkin Ni/EFB klinker adalah 113.0 kJmol
-1

. Kedua-dua pemangkin yang 

telah dipakai digunakan untuk manjalankan analisis profil pengoksidaan. Analisis bagi 

kedua-dua pemangkin mendapati bahawa kedua-dua set pemangkin yang diguna tidak 

menhadapi masalah pemendapan karbon yang kritikal. 
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1 INTRODUCTION 
 

1.1 Background 

Synthesis gas is a fuel gas mixture comprised of CO and H2. It is a vital feedstock for 

downstream petrochemical industries i.e. gasoline, ammonia, methanol etc. As the world 

grapples with potentially-devastating energy crunch situation, renewable energy such as 

synthesis gas has been touted as a potential saviour.  

 

Significantly, in Malaysia palm oil mill effluent or also known as POME is a highly polluting 

wastewater with high chemical oxygen demand (COD) and biochemical oxygen demand (BOD) 

(Lam & Lee, 2011). Under ambient conditions, degradation of POME usually releases a large 

amount of CH4 and CO2 (collectively known as biogas) into the atmosphere, which may worsen 

the global warming (Schuchardt et al., 2008). Carbon dioxide (CO2) has been identified as one 

of the most significant greenhouse gases arising from anthropogenic activities. Hence, mankind 

needs to curb CO2 emissions in order to counteract global warming (Er-rbib et al., 2012). One 

of the propositions is to utilize CH4 and CO2 simultaneously via dry (CO2) reforming pathway. 

The dry reforming of methane results in product with a lower H2:CO ratio (< 2.0) which is more 

favourable for olefins or methanol synthesis compared to the yield from the conventional steam 

reforming which normally produces H2:CO ratios > 3.0 (Siahvashi & Adesina, 2013). Besides, 

the use of CO2 as co-reactant has also attracted growing attention due to the potential 

sequestration of CO2 and energy savings (Siahvashi & Adesina, 2013). 

 

Indeed, catalysts play a vital role in the aforementioned reaction. Catalyst is usually comprised 

of active metal and support. A supporter is usually a solid with a high surface area, to which a 

catalyst is affixed. Relentless efforts have been dedicated to maximize the surface area of a 

catalyst by distributing it over the support (McNaught & Wilkinson, 2014). Previous studies 

and reviews have been published on the Ni based metal with different supported catalysts 

employed in the light hydrocarbon dry reforming. An evaluative investigation of propane CO2 

reforming over bimetallic alumina supported 5%Mo-10%Ni catalyst has been carried out in a 

fixed bed reactor at 0.1 M Pa and temperatures ranging from 823 – 973K. It was found that Mo-

Ni is a stable and active catalyst at different temperature during the dry reforming process 

(Siahvashi et al., 2013). Besides, numerous supported catalysts have been tested, especially Ni- 

and noble metal-based catalysts, and they have been found to exhibit promising catalytic 
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performance. Conversion of CH4 and CO2 to synthesis gas, approaching those defined by 

thermodynamic equilibrium, can be obtained over the aforementioned catalysts as long as 

sufficient contact times are maintained.  

 

One of the major problems encountered during dry reforming is the deactivation of the catalysts 

dues to carbon deposition. To alleviate the deactivation problem arising from Ni catalysts 

coking, it has been shown that addition of alkali or alkaline earth oxide to the Ni based catalyst 

lead to drastic decrease in the number of sites for carbon formation, while sufficiently 

maintaining the active sites for the reforming (Lemonidou et al., 1998). From the EDX result of 

EFB clinker, it was found that EFB has a basic characteristic and it should be suitable to act as 

the supporter for the Ni-based and Co-based catalysts. 

1.2 Problem Statement and Motivation 

Oil palm is the most important commodity from Malaysia with significant contribution to its 

gross domestic product (GDP). Lignocelluosic biomass which is produced from the oil palm 

industries include parts such as oil palm trunks (OPT), oil palm fronds (OPF), empty fruit 

bunches (EFB) and palm oil mill effluent (POME). Nevertheless, the presence of these oil palm 

wastes has created a major disposal problem (Abdullah & Sulaiman, 2013). EFB are the main 

source of biomass that could be utilized by the power plant due to its ready-availability as daily 

biomass-waste. Most of the plantations use a small fraction of this EFB waste for internal use, 

with a large portion being put aside for either biodegrading into compost, or at times burnt to 

avoid space loss by storage (Matt et al., 2014). As a fuel, EFB is burnt in a furnace to generate 

heat and electricity for sustaining palm oil mill operation. The residue from this process is what 

is known as EFB clinker whereby it will be adopted for the first time in this work as supporter 

for Ni catalyst for methane dry reforming reaction. Most of the previous studies primarily 

investigated the development of catalyst for high catalytic performance and stability. Therefore, 

an optimum conversion of synthesis gas can be achieved. However, most of these works did not 

focus on the environment impact of the catalyst. To illustrate, an evaluative investigation of 

propane CO2 reforming over bimetallic alumina supported 5%Mo-10%Ni catalyst sounds 

promising in dry reforming (Siahvashi et al., 2013). In fact, calcium aluminate has been proven 

to be active with lower coke deposition for the reaction of reforming (Lemonidou et al., 1998). 

From the characterisation of EFB clinker, high percentage of K and Ca were found. Hence it is 

believed to be basic. A basic catalyst can reduce back pressure in the packed bed column as 

carbon deposition will be reduced substantially (Ranjbar & Rezaei, 2012b). Last but not least, it 
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is worth to explore the possibility of this palm oil industries waste as catalyst supporter in this 

study. 

1.3 Objective 

This research work is carried out to synthesize and characterize EFB clinker supported 20wt% 

Co and 20wt%Ni catalysts for methane dry reforming studies at atmospheric pressure. 

1.4 Scopes 

In order to achieve the outlined objective of this work, the following scopes have been 

identified: 

 

i) Catalysts Preparation:  

The 20wt%Co/80wt%EFB and 20wt%Ni/80wt%EFB catalysts were prepared via wet-

impregnation method.   

 

ii) Catalyst Characterisation:  

The methods applied in this study were BET, XRD, XRF, TGA, FESEM and EDX. 

BET was used to find out the specific surface are, pore volume and pore size 

distribution sample of catalysts. The crystalline structure and the size of crystallite 

diameter were determined via XRD. Besides, XRF was employed for analysis of major 

and trace elements in the EFB clinker. The catalyst-gas interaction profile was obtained 

from TGA instrument. In addition, TGA also allowed the determination of coke 

location as well. Lastly, the image of coke deposit structure at the sample catalysts can 

be observed via FESEM while EDX shows the composition of element that contained 

in the sample catalysts. 

 

 

iii) Catalyst Reaction:  

The catalytic screening was carried out by placing 0.3 g of catalyst into the stainless 

steel fixed-bed reactor (ID: 10 mm) supported by two layers of quartz wool. The feed 

comprised of the CH4 and CO2 mixture at equal proportion and the reaction temperature 

was set at 1173 K for catalyst screening studies. Subsequently, the CO2 to CH4 ratios 
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and temperatures were varied between 1073 – 1173 K to determine the ratio of product 

produced by the best catalyst. 
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