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Abstract. Carbon dioxide (CO2) commonly exists as undesirable component in natural gas streams. 

The continuous growing of the global demand makes it necessary to overcome the high CO2 content 

obstacle of stranded reserves. A wide variety of acid gas removal technologies have been 

developed, including chemical and physical absorption processes but none of them can combine the 

high efficiency and economic energy consumption. Each process has its own advantages and 

disadvantages. Using of adsorbents increasingly being selected for newer projects, especially for 

applications that have large flow, high CO2 content and located in remote locations such as offshore 

where compact and highly effective technology is required. This review highlights the importance 

of adsorbent modification on CO2 removal from natural gas reserve at high pressure and 

temperature using physical adsorbents such as zeolite and molecular sieve. Then, the focus is turned 

on the adsorbents chemical modification using organic amines to improve the adsorption efficiency 

towards CO2.  

Introduction 

Malaysia has a vast reserve of natural gas, which places the country as the 14
th

 largest gas reserves 

in the world. Malaysia’s gas reserves stood at 88 trillion standard cubic feet in 2008, 33.5 trillion 

cubic feet (tscf) or 38% is found off the East coast of Peninsular Malaysia, 41.8% tscf (48%) 

offshore Sarawak and the remaining 12.7 tscf (14%) offshore Sabah. At the current production rate, 

the gas reserve is estimated to last another 36 years [1]. Recently, Malaysia is increasingly turning 

to natural gas from oil, not only as a source of energy, but also as a raw material in the manufacture 

of various petrochemical products. A numerous separation processes must be performed for natural 

gas to remove components such as hydrocarbons, water, sulfur, carbon dioxide, nitrogen, mercury 

and other impurities. Hence, there is a need to exploit cost-effective separation processes to produce 

a gas with required specification. Carbon dioxide, which falls into the category of acid gas, is 

commonly found in stranded natural gas reserves at levels as high as 80%. It is highly corrosive to 

pipelines and also reduces the heating value of a natural gas stream and wastes pipeline capacity. 

CO2 also must be removed to prevent hydrate formation in the low-temperature chillers during 

liquefaction process to produce Liquefied natural gas (LNG) at (-160 °C). Varieties of processes 

have been developed over the years to meet the requirement of natural gas treatment with the aim of 

optimizing capital cost and operating cost as well as meet acceptable gas specifications. Figure 1 

shows various separation technologies developed for carbon dioxide separation from natural gas. 

Among the processes available, amine based chemical absorption has been used extensively for 

CO2 removal plant. However, the liquid amine based processes pose operating difficulties due to the 

challenge of keeping solvent clean and operating within the process constraints of the system. 

Besides, this process also suffers from high regeneration energy, large equipment size, solvent 

leakage from piping system and also equipment corrosion problem. However, in offshore 

operations, the CO2 capture unit is designed to minimize losses of amine and maximize CO2 

captured stream [3]. Membrane separation system also has been applied recently for CO2 removal 
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