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Abstract 

Present work focuses on application of nano zinc oxide on the adsorption removal of H2S from gas oil fuel. Evaluation is done 

by experimental catalytic bed. Some correlations are presented to help the assessments in the H2S adsorption process in this 

paper. Furthermore, bioassay experiments are done to measure the amount of Bromine and Chloride in Gas oil. Results are 

applicable in manufacturing nano catalytic zinc oxide reactor and performance prediction of typical catalytic bed. The 

correlations for Br and Cl versus H2S removal are presented in this study. 
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1. Introduction 

The damage to apparatus will be serious if the elements in 

fuel are not pure. Undoubtedly, the bio assay components and 

hydrogen sulphide content of fuel can consider in the 

literature, seriously. 

1.1. Desulphurization Processes 

In the past two decades petroleum refining has changed 

extensively and the fortunes of hydro treating, in particular, 

have witnessed a sea change (Akono and Randall, 2012). 

Hydro-treaters now occupy a central role in modern 

refineries and more than 50% of all refinery streams now 

pass through hydro-treaters for conversion, finishing, and 

pre-treatment purposes. Hydro-desulphurization is the largest 

application of catalytic technology in terms of the volume of 

material processed. On the basis of usage volume, HDS 

catalysts are ranked third behind catalysts used for 

automobile emission control and FCC. Commercial hydro 

treating catalysts are, typically, Zn, Co or Mo (Miller et al., 

2011). For example, Mo, known for its high hydrogenation 

activities, is preferred as a promoter when feed stocks 

containing high amounts of nitrogen and aromatics need to 

be processed. It seems, nano particles such as metal oxides 

can promote the heating and cooling process. For example, 

the nano substances like; metal oxides can enhanced the 

thermal stability of some of materials (Goldstein, 2008). 

Today, about 90 percent of vehicular fuel needs are met by 

oil. Petroleum and Gas oil also makes up 40 percent of total 

energy consumption in the United States, but is responsible 

for only 1 percent of electricity generation (Wong and 

Buenfeld, 2006). Petroleum's worth as a portable, dense 

energy source powering the vast majority of vehicles and as 

the base of many industrial chemicals makes it one of the 

world's most important commodities. Viability of the oil 

commodity is controlled by several key parameters, number 

of vehicles in the world competing for fuel, quantity of oil 

exported to the world market (Export Land Model), Net 
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Energy Gain (economically useful energy provided minus 

energy consumed), political stability of gas oil exporting 

nations and ability to defend gas oil supply lines (Abuhaikal 

et al., 2011). The top three gas oil producing countries are 

Russia, Saudi Arabia and the United States. About 80 percent 

of the world's readily accessible reserves are located in the 

Middle East, with 62.5 percent coming from the Arab 5: 

Saudi Arabia, UAE, Iraq, Qatar and Kuwait. A large portion 

of the world's total gas oil exists as unconventional sources, 

such as bitumen in Canada and extra heavy gas oil in 

Venezuela (Lothenbach, 2007). While significant volumes of 

gas oil are extracted from oil sands, particularly in Canada, 

logistical and technical hurdles remain, as oil extraction 

requires large amounts of heat and water, making its net 

energy content quite low relative to conventional crude oil. 

Thus, Canada's oil sands are not expected to provide more 

than a few million barrels per day in the foreseeable future 

(Richardson, 2208). In its strictest sense, petroleum includes 

only crude oil, but in common usage it includes all liquid, 

gaseous, and solid hydrocarbons. Under surface pressure and 

temperature conditions, lighter hydrocarbons methane, 

ethane, propane and butane occur as gases, while pentane and 

heavier ones are in the form of liquids or solids. However, in 

an underground oil reservoir the proportions of gas, liquid, 

and solid depend on subsurface conditions and on the phase 

diagram of the petroleum mixture (Kjellsen, 1990). An oil 

well produces predominantly crude oil, with some natural gas 

dissolved in it. Because the pressure is lower at the surface 

than underground, some of the gas will come out of solution 

and be recovered (or burned) as associated gas or solution 

gas. A gas well produces predominantly natural gas 

(Jennings, 2007). However, because the underground 

temperature and pressure are higher than at the surface, the 

gas may contain heavier hydrocarbons such as pentane, 

hexane, and heptane in the gaseous state. At surface 

conditions these will condense out of the gas to form natural 

gas condensate, often shortened to condensate. Condensate 

resembles petrol in appearance and is similar in composition 

to some volatile light crude oils (Valenza and Thomas, 2012). 

The proportion of light hydrocarbons in the petroleum 

mixture varies greatly among different oil fields, ranging 

from as much as 97 percent by weight in the lighter oils to as 

little as 50 percent in the heavier oils and bitumen’s. The 

hydrocarbons in gas oil are mostly paraffins, aromatics, 

alkanes, cycloalkanes and various sulphur aromatic 

hydrocarbons while the other organic compounds contain 

nitrogen, oxygen and sulphur, and trace amounts of metals 

such as iron, nickel, copper and vanadium (Ulm and James, 

2011). The exact molecular composition varies widely from 

formation to formation but the proportion of chemical 

elements varies over fairly narrow limits as follows. 

Distillation, the process by which oil is heated and separated 

in different components, is the first stage in refining. Gas oil 

is any naturally-occurring flammable mixture of 

hydrocarbons found in geologic formations, such as rock 

strata. Most petroleum is a fossil fuel, formed from the action 

of intense pressure and heat on buried dead zooplankton and 

algae. Technically, the term petroleum only refers to crude 

oil, but sometimes it is applied to describe any solid, liquid or 

gaseous hydrocarbons. Petroleum consists primarily of 

paraffins and naphthenes, with a smaller amount of aromatics 

and asphaltics. The exact chemical composition is a sort of 

fingerprint for the source of the petroleum (Akono et al., 

2011). 

1.2. The Present Work 

In this work, ZnO nano catalyst is applied for sweetening 

process of sample of gas oil which contains H2S contaminant. 

So, the correlations for statement of relations between 

bioassay content of gas oil and sulphide hydrogen are 

presented in this work. 

2. Materials and Method 

Storage tank is equipped with a hot water jacket and a stirrer 

to increase the gas oil temperature uniformly, moving easily 

through the set up. Surely, temperature and pressure is 

controlled in feed tank, necessarily. The gas oil is pumped 

upward and passes through a filter and then is fed into the 

reactor with an adjusted flow rate. The maximum power of 

pump is 0.5 horse power and feed gas oil is distributed on the 

catalytic bed by a glass distributor. The reactor is a vessel 

with 1.25-2.5cm diameter and 3cm height. Changing the 

diameter of the catalytic bed, the hydrogen sulphur removal 

is investigated. A hot water jacket keeps the reactor 

temperature at the adjusted experimental temperature. Table 

1 shows the API density and amount of H2S in four types of 

sour oil. 

Table 1. Characteristics of gas oil sample used in this work. 

Type of gas oil Boiling range Amount of sulphur (wt%) 

Mid (C26-C30) 300-415C 2 

2.1. Synthesize of Zinc Oxide Nano 
Particles 

At the first the nano powder of Zinc oxide is made and then 

this powder is mixed by the base fluid. Zinc metal is used to 

make a solution containing one molar 2
Zn

+ ion. At first, this 

solution is purified, and then a type of surface-active reagent 

0.05 M and approximately 10 per cent of ethanol is added 

under the ultrasonic conditions. The produced solution as 

agitated in certain time periodic. Same reagents are added to
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Na CO , 1M solution under the same conditions. Then two 

produced aqueous solutions are mixed proportionally and 

agitating for half hour under the ultrasonic action. 

Sequentially, adding another surface-active reagent and 

agitating for half hour again, filtering and washing several 

times with distillation water and ethanol alternately under the 

ultrasonic action. The produced substance is prepared to dry 

for fifty minutes at 80 C° . Then it roasted at 450 C°  for forty 

fifty minutes to obtain zinc oxide nanoparticles. Totally, the 

produced zinc oxide have light yellow colour. The obtained 

metal oxides can be characterized by XRD and TEM. 

Produced spherical particles with the average diameter of 57-

87 nm  in size are observed approximately. Figure 1, shows 

SEM, TEM and XRD photos of zinc oxide nano particles. 

 

Figure 1. (a, b, c, d, e, f and g). The XRD, SEM, TEM and BET of zinc oxide nano particles. 

2.2. Bioassay Evaluation of Gas Oil 

Refined gas oil mixed with distilled water is used to evaluate 

the amount of contaminants in gas oil. Experiments are held 

using feed which includes one part gas oil and 9 parts 

distilled water, addition of acetic acid adjust the pH value in 

ranges of 7.8 to 9. Then sample is mixed for 5 min and is 

kept still for a bout 1 hour to precipitate suspended solids. 

Some part of clarified water is filtered from 0.45 micron 

filter. Bioassay experiments are held using separated liquid 

and solid phases. Measuring toxicity of gas oil is done using 

mixture of both solid and liquid phase includes mentioned 

matter. Toxicity of each matter used in gas oil can be 

measured identifying type of that matter. So, emulsifier is 

required to evaluate toxicity value of each component in gas 

oil which the manufacturer company determined the type of 

emulsifier initially and then the toxicity is valued due to the 

apparatus. 

2.2.1. Bromine Content 

Bromine is just non-metallic liquefied element at room 

temperature. This is a heavy liquid, fluid form with brown 

tended to red colour (as same colour as NO2) and evaporates 

at standard pressure and temperature with very unpleasant 

odour. Bromine is one halogen element, chemically similar to 

Cl however with lower activation energy than chloride 

activation energy. This component implies, relates and 

interacts with many other elements, high bleaching capacity. 

Bromine is severely toxic, touch or inhale of very little 

amounts (10 ppm) causes health problems and fast death. 

Bromine obtains eye and throat irritation, causes painful 

irritation after skin contacting. Improper utilization of this 

element is dangerous, seriously. So, requires stiff safety 

warnings. 

2.2.2. Chlorine Content 

Chloride with atomic number of 17 is shown as Cl and is in 

halogen's group in periodic table. Cl ions are part of salt and 

the other compounds so are found enormously in nature and 

have many applications. Standard form of Chloride element 

(Cl2) is a powerful oxidant for cloth bleaching and is a major 

factor in industry. Chloride gas colour is yellow tended to 

green, it is 2.5 times heavier than air and high toxic with 

suffocating odour. This element is oxidant, bleacher and 
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antiseptic. Chloride as a part of salt and other compounds 

existed in nature and many of creatures. Chloride is used 

commonly as a disinfectant in pools and sometimes 

chloride's compounds in upper atmosphere such as CFC 

destroyed Ozone layer. 

3. Results and Discussion 

The amount of hydrogen sulphide removal is calculated 

according to the equation 1. So, the obtained results are 

arranged according to this formula. 

H2S removal=1-C/C0                          (1) 

3.1. The Empirical Correlation of Heat 

Capacity Versus Volume Percentage of 
Nano Particles Aspects 

The effect of volume percentage of nano particles on values 

of bed heat of capacity is shown in Figure 2. Relation 

between the amount of volume percentage and amount of 

heat capacity of bed can be shown as correlation 2. 

Cp=0.349fi+1.925                            (2) 

Heat adsorption by nano particles can help to maintain the 

temperature of bed and to provide the better conditions for 

adsorption. So, the increase in the amount of nano particles 

increases the amounts of heat capacity. 

 

Figure 2. Heat capacity of bed versus vol% of nano particle. 

3.2. Bioassay Investigation 

3.2.1. Bromine Evaluation 

Some bioassay experiments are done to evaluate the amount 

of bromine due to amount of H2S in gas oil. Figure 3 

indicates on the increase in the amount of Bromine by 

increasing in the amount of H2S in gas oil. Experiment 

evaluation is done at the optimum values of operation 

conditions and nano particle diameter. 

 

Figure 3. Correlation between amount of Bromine and H2S content. 
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Changes in the amount of H2S from 54 ppm to 80 ppm 

increase the amounts of Bromine from 3 ppb to 9 ppb. 

Br=0.012(H2S)
2
+1.8373(H2S)-61.35         (3) 

Correlation 3 and 4 calculate the amount of Br and Cl, 

respectively. These equations predict the values of Br and Cl 

in unit ppb. The unit of hydrogen sulphide must be ppm. 

3.2.2. Chlorine Evaluation 

 

Figure 4. The effect of H2S content on the amount of Chlorine. 

The changes in the amount of another toxic compound of Cl2 

due to the amount of H2S are shown in Figure 4. Correlation 

4 shows this relation. 

Cl=-0.01(H2S)
2
+1.6707(H2S)-59.556         (4) 

4. Conclusions 

Adsorption process is so applicable in gas and oil separation 

processes. In this work, the nano catalytic adsorption is 

considered to evaluate the quantity of H2S removal from Gas 

oil fuel. 

Some different moderate operation temperatures and 

pressures are emerged on the catalytic bed. Also, some 

predictive correlations to assume the amount of bed heat of 

capacity versus the volume of nano catalyst, amounts of 

Bromine and Chloride (Toxic components) related to the 

amount of H2S are presented here. Two dimensionless height 

and diameter of bed are also introduced in this work which 

can simplify some of the manufacturing calculations. 
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