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Abstract: Adsorption finds application in reaction engineering, environmental engineering and petrochemical 

engineering. Removal of many components of flue gases can be carried out by adsorption. The research on 

removal of heavy metals, dyes has also been carried out by number of investigators. The studies on batch 

adsorption mainly include isotherm, kinetics and effect of various parameters. In petrochemical industries, the 

catalyzed reactions involve adsorption. Also the recovery of oil from wastewater can be carried out by 

adsorption. The removal of sulphur or desulphurization also can be carried out by adsorption. Removal of 

various pollutants from flue gases and wastewater can be carried out by adsorption. The present review 

summarizes the research carried out on adsorption related to its application in petrochemical and refining 

industries. 
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1. INTRODUCTION 

Adsorption is one of the easiest and efficient separation methods used in chemical, petrochemical and 

pharmaceutical industries. Adsorption is classified based on the mechanism as physical and chemical 

adsorption. Physical adsorption is because of Vanderwaal’s forces and chemisorption is due to 

chemical forces, bonds. Adsorption finds application in reaction engineering, environmental 

engineering and petrochemical engineering. Removal of many components of flue gases can be 

carried out by adsorption [1,2,3,4]. Reactive adsorption is also important area of investigation 

[5,6,7,8]. In catalysis, adsorption is very important phenomenon [9,10]. Removal of organic matter by 

using adsorption is widely studied research area [11,12,13]. The research on removal of heavy metals, 

dyes has also been carried out by number of investigators [14,15]. The studies on batch adsorption 

mainly include isotherm, kinetics and effect of various parameters [16,17,18]. The packed bed studies 

include effect of affecting parameters like bed height, initial concentration and flow rate [19,20]. Also 

the modeling for breakthrough is very important aspect of this research. Removal of many pollutants 

from petroleum industries and refineries can be carried out by using adsorption. Adsorption can also 

be used for recovery of oil from wastewater. Removal of sulphur can also be accomplished by 

adsorption. It can be realized that adsorption has huge potential regarding its application in petroleum 

industries and refineries. The present review summarizes the application of adsorption in petroleum 

refineries and petroleum industries. 

2. RESEARCH ON ADSORPTION IN PETROLEUM INDUSTRIES AND REFINERIES 

Adey et.al. carried out an investigation on desulphurization of crude oil by using different materials 

for adsorption [21]. They used manganese dioxide and zinc oxide for the adsorption. They also carried 

out kinetic and equilibrium studies. They observed that manganese dioxide has more adsorption 

capacity than zinc oxide. Also the adsorption followed pseudo second order kinetics. The analysis 

indicated that chemisorption may be rate limiting step. Alavi and Hashemi reviewed the research and 

studies on use of adsorption for desulphurization[22].These studies indicated that the sorbents like 

alumina, silica gel, zeolite molecular sieves, active carbon (AC), carbon molecular sieves, 

impregnated carbons (Cu-chlorides - CO separation), clays (natural and pillared clays), resins, 

polymers (biological, ions, large molecules) and carbon nanotube have ability to adsorb sulphur on 

them. They discussed the adsorption process step wise. The steps they identified included addition of 

feed solution to adsorbents, mixing, separation and elution. Emam used activated carbon and 

bentonite clay from hydrocarbon treatment of waste [23]. They prepared synthetic wastewater by 

emulsifying oil in water. They analyzed usual batch adsorption parameters like contact time, 
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adsorbent dose, initial concentration and pH. They observed that the adsorption of the oil depends 

heavily on pH. They observed that organic bentonite was best among the adsorbents used.  

Wang et.al. used granular activated carbon for adsorption of methane [24]. They measured methane 

content by volumetric method. They observed that the physical characteristics such as BET surface 

area, micropore volume, packing density and pore size distribution play an important role in the 

adsorption process. Zubaidy et.al. used carbonized date palm kernel powder and commercial activated 

carbon for sulphur removal from diesel oil[25]. With activated carbon, they were able to remove half 

of the sulphur content. Mohammad et.al. used rice husk carbon for removal of phenol from petroleum 

refinery wastewater[26]. In packed column, they studied effect of bed depth and flow rate on 

adsorption. For explaining break through curves they used bed depth service time model and Yoon 

Nelson model. According to them, these two models can be employed for the adsorber design. They 

observed that, with time, there was increase in the adsorption capacity. Also they observed that the 

breakthrough time increased with bed depth. Feng et.al. studied the effect of pore structure and 

surface chemistry on adsorption of hydrogen sulphide[27]. Zubaidi et.al. carried out an investigation 

on  adsorption of sulphur from diesel oil using granular activated carbon[28].They analyzed the 

adsorbent material using  scanning electron microscopy (SEM) integrated with energy dispersive 

spectroscopy (EDS). They observed 20.9 percent sulphur reduction during adsorption. Patil et.al. 

carried out an investigation on removal of sulphur by adsorption[29].Stirring was done to reduce 

intraparticle resistance. Scanning electron microscope (SEM) and X-ray diffraction studies (XRD) 

analysis was carried out for analysis of adsorbent. They observed that there was an increase in 

adsorbed quantity with increase in sulphur concentration. It was also observed that increase in the 

stirring speed from 1800 rpm to 2600 rpm doesn’t have any effect on adsorption. Kukwa et.al. used 

NH4Cl-modified primitive clay for adsorption of Nickel and Vanadium[30]. They observed that the 

adsorption increased with initial concentration and adsorbent dose. They also found that the 

adsorption was pseudo second order. Wastewater from oil refinery was treated by using activated 

carbon by Hosseini et.al.[31]. They attempted to remove organic matter (COD) from the wastewater. 

They modeled the equilibrium data by using Langmuir adsorption isotherm. They observed that 

model results showed fair agreement with experimental data. Behnood et.al. used natural sorbents like 

phragmites australis, sugarcane leaves straw, and sugarcane bagasse for crude oil adsorption[32]. 

They observed that bagasse has higher adsorption capacity among these adsorbents. It was able to 

remove 8 gram of oil per gram of bagasse. 

Li et.al. studied integrated adsorption and microbial methods for desulphurization of diesel[33].They 

observed that the integrated method was able to remove sulphur more efficiently than other methods. 

Turgman-Cohen et.al. used flat silica surfaces for the adsorption of asphaltenes[34]. They modified 

the silica surfaces with self-assembled monolayers (SAMs) of alkyltrichlorosilanes of varying 

thickness. They observed that asphaltene adsorption decreased with an increase in NC, the number of 

carbon atoms. They also observed that the adsorption increased with decrease in the Hildebrand 

solubility parameter of the solvent. Abdel-Jabber et.al. Carried out an investigation on use of various 

low cost materials for adsorption in waste lubricating oil[35]. They used adsorbents such as egg shale 

powder, date palm kernel powder, and acid activated date palm kernel powder. The date palm kernel 

powder was found to be best adsorbent for refining of waste lubricating oil. They also observed that 4 

hours contact time gave best results for different adsorbents. They also found that the carbon  residue, 

ash content, and aspheltene content were decreased up to 68.2 wt%, 72.9wt%, and 92.3wt% 

respectively by the date palm kernels powder . 

3. CONCLUSION 

Adsorption is very important operation in petroleum sector. It can be used for recovery or removal of 

sulphur from oil. Also, in catalytic reactions, adsorption is involved. Removal of many pollutants 

from wastewater can be carried out by adsorption. Waste gas treatment can also be carried out by 

adsorption. Many of these applications are practically carried out in many industries. There is also 

scope for economizing these operations by using new low cost adsorbent and using efficient 

regeneration methods. 
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