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Abstract   

Hydrogen sulfide is one of the most dangerous contaminants in crude oil and natural gas that have to be removed 

prior to the transfer and refining. In this study, hydrophobic ionic liquid, i.e. 1-ethyl-3-methylimidazolium 

methylflour, [EMIM] [NTf2], was used as scavenger for the reduction of the H2S. Due to its ionic nature, [EMIM] [NTf2] 

forms nanoemulsion in crude oil media and hence can dissolve H2S polar molecules within its core. Determination of 

H2S was carried out using well-known UOP-163 potentiometric titration. The effect of [EMIM] [NTf2] on the H2S 

concentration was investigated via two methods: dynamic and static. Dynamic method performed to check the effect 

of required dosage for the removal of H2S and also investigate effect of contact time. In the static methods a number of 

tests were designed with central composite design (CCD) to investigate the effect of three factors, i.e. scavenger 

dosage, reaction time and temperature, as well as the interaction between them on the concentration of H2S via 

response surface methodology (RSM). Among these three factors and according to the F value, scavenger dosage and 

time had the great influence on the response, respectively. In comparison, temperature had very low effect on the 

response. The resulted model was also statistically significant with non-important LOF index. 
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1. Introduction 
Usually the amount of sulfur in the crude oil that has been discovered between 0.05 to 5% by weight has
been reported. Crude oil contains some sulfur compounds, namely H2S which has a large number of
environmental hazards and sever corrosion effects in the oil industry. As a result, environmental
regulations reduced the legal standard amount of H2S in oil and gas to be transported, exported or refined.
There are several methods to reduce the concentration of H2S. Scavenger technology is one of the most
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common methods especially in low concentrations of H2S (500 ppmw >). Among the chemical scavengers, 
those that have fast reaction time, low HSE effects and low equivalent reaction ratio are the best choices.  
Ionic liquids are a new class of chemical compounds with outstanding properties and features such as 
non-flammable, Thermal stability, high electrical conductivity, low vapor pressure, high polarity, common 
organic solvent for extraction and high density. These compounds have a large/small organic cations and 
organic or inorganic anion, low melting point and are mainly in liquid state. The most important feature of 
these compounds is the possibility of modification   and tuning of their physical properties by changing 
the type of anion and cation. Ionic liquids are primarily based cationic imidazolium , pyridinum , 
perilydinum and phosphoniom with different chaines and anions such as tetraflourborate and 
hexaflourphosphate.  

2. Experimental
Recognized international standards ASTM, UOP, API, IP, DIN and ISO standard methods to identify and
measure sulfur compounds in oil and oil products have provided. One of the finest and most widely used
methods is UOP 163 standard method based on potentiometric titration which was used for the
measurement of H2S in crude oil in this project. But the rest of the sulfur-containing compounds must 
have to be measured using chromatography. However, in this study the operational methods of the static
method (under a constant concentration of scavenger) and dynamic (with variable concentration of
scavenger) used both methods are described below.

3. Results and discussion
3.1 Dynamic method
According to the evaluation method based on measuring and tracking changes in crude oil potential while
gradually increasing over a period of time is scavenger. This method is usually at intervals of one minute
about 10 μl Scavenger a certain amount of crude oil (5 gr about) is added and the potential changes with 
time as shown in Figure 6 is recorded.
Preliminary analysis indicates that the electrode potential of H2S in crude oil has been lowered as long as
scavenger added to the crude oil. Depending on the concentration of H2S electrode potential changes 
within a specific area is between -700 to -1000 mV. Therefore, this measure can monitor the amount of
H2S in crude oil. Experiments showed that when crude oil is free of H2S (< 1 ppm) electrode potential shift 
to higher than -700 mV.

Figure 1. Change of potential with increasing of scavenger in 10 microliter intervals and 1 minute reaction time for 
each addition. 
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3.2 Static method 
In this method, the amount of hydrogen sulfide in crude oil measured using UOP163, and for more 
detailed study of the absorption of H2S and evaluation of effective parameters and their interaction with 
response surface methodology was used to determine the effect of different factors. Three parameters 
that are expected to be a factor affecting absorption of H2S include scavenger dosage in the range of 2-10 , 
temperature from 25 to 50 °C and time from 15 to 45 minutes . For this purpose a series of experiments 
designed with CCD. The potential of crude oil was selected as a response in this project. The level of each 
of the factors is given in Table 1. These levels are based on previous experience worked in the laboratory. 

Table 1 The level of each of the factors discussed in the absorption of H2S. 
TIME min (C ) Temperature 0C (B) [scavenger] / [H2S] (A) Factor 

45 50 5 High level 
15 25 2 Low level 

Accordingly, using Design Expert7.1.3 software 18 tests were designed (given in Table 2). The result of 
each run was inserted into the software and data analysis was started. This design consists of 4 replicates. 

Table 2 Matrix tests and Response. 
Response (-mV) Time Temp [S]/[H2S] Run STD 

945 45 25 2 1 5 

956 15 37.5 6 2 13 

954 15 50 2 3 3 

960 30 25 6 4 11 

928 15 50 10 5 4 

970 15 25 2 6 1 

712 45 25 10 7 6 

900 30 37.5 6 8 16 

836 30 50 6 9 12 

923 30 37.5 6 10 17 

923 30 37.5 6 11 18 

872 15 25 10 12 2 

923 45 37.5 10 13 10 

849 45 37.5 6 14 14 

900 30 37.5 6 15 15 

899 45 50 2 16 7 

832 45 50 10 17 8 

959 30 37.5 2 18 9 

Table 2 is based on tests done and the results are entered in the last column for the response. These values 
are also entered in the software after the calculation, the results are given below. These results fitted with 
different models and suitability of different types of models is presented in Table 3. 

Table 3 Comparison of models to fit the data 
Source Sum of Squares df Mean Square F Value p-value 

Prob > F 
Remark 

Mean vs Total 1.493E+007 1 1.493E+007 
Linear vs Mean 29494.90 3 9831.63 22.87 < 0.0001 

2FI vs Linear 3734.50 3 1244.83 6.00 0.0112 Suggested 
Quadratic vs 2FI 364.11 3 121.37 0.51 0.6889 

Cubic vs Quadratic 1388.60 4 347.15 2.62 0.1868 Aliased 

The model with the highest degree and the most capable of the relationship between the independent 
variables, F (factors) and outcome (response) is selected. According to this strategy, 2FI (two factor 
interaction) model was selected for the explanation and fitting of the experimental data. In addition, the 



Safarkhani et al./ Journal of Nanoanalysis No. 02, Issue 03 (2016) 68-74 71 

model with a non-important LOF is a good model and a model which is aliased is the worst have be 
omitted. The F-value of each term in the model is greater than the critical F value. LOF of possible models 
are compared in Table 4. As once can see, the quadratic model has non-important LOF means the ability of 
model to fit the experimental data. 

Table 4 Comparison of LOF to all models. 
Source Sum of Squares df Mean Square F Value p-value Prob > F Remark 

Linear 5488.377778 11 498.9434343 2.829546887 0.2123 

2FI 1753.877778 8 219.2347222 1.243297101 0.4742 Suggested 

Quadratic 1389.766667 5 277.9533333 1.576294896 0.3758 

Cubic 1.166666667 1 1.166666667 0.006616257 0.9403 Aliased 

Pure Error 529 3 176.3333333 

The ANOVA table was also given in table 5. According to the F value, time, scavenger dosage and 
temperature affect the response, respectively. The interaction of the BC was not important and so omitted 
and the data was refitted again. The obtained results are given in table 5. 

Table 5 ANOVA table of the fitting of experimental data. 
Source Sum of Squares df Mean Square F Value p-value Prob > F Remark 

Model 33157.4 5 6631.48 33.7927347 < 0.0001 significant 
A-[S][H2S] 13690 1 13690 69.76158234 < 0.0001 significant 

B-TEMP 360 1 360 1.834490113 0.2006 significant
C-TIME 15444.9 1 15444.9 78.70421206 < 0.0001 significant

AB 2738 1 2738 13.95231647 0.0028 significant
AC 924.5 1 924.5 4.711072526 0.0507 significant

Residual 2354.877778 12 196.2398148 
LOF 1825.877778 9 202.8753086 1.150521599 0.5080 not significant 

According to this selected method, the change of potential with time, temperature and scavenger dosage 
in Figures 2, 3 and 4 are shown  

Figure 2 Change of potential with Scavenger 
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Figure 3 Changes of potential versus temperature 

Figure 4 Change of potential with time 

According to the results of tests designed, all three factors are considered to be important, the 
temperature, time and the scavenger dosage because their F-value is larger than critical F value. Figure 5 
illustrates the interaction of Time and scavenger dosage via a two dimensional garph. The obtained 
equation according to the actual values is given below: 

(Equation 1) 
R1 =(+1113.71111) –(17.75000 × [s][H2S] )-(2.70000  × TEMP) – (1.54500 × TIME) + (0.37000 × [s][H2S] 

× TEMP) – (0.17917 × [s][H2S] × TIME) 
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Figure 5. Interaction of scavenger dosage with temperature (Left) and time with scavenger dosage (Right) 

The above graph shows that the temperature and scavenger dosage have greater interaction than time 
with scavenger dosage and can influence the response importantly. Effect of scavenger dosage is more 
important at lower temperature but the effect of temperature is reversed at a specific scavenger dosage. 
This behavior did not seen in the interaction of time with scavenger dosage.  

4. Conclusion
Scavenger performance is very dependent on the operating conditions, in particular the time,
temperature, mixing speed and the type of crude oil. Among them, crude oil type is the most important
with great and non-expectable impact on the H2S. In some cases, positive and some cases negative! The
results show that the choice of this type of ionic liquid to remove H2S is good; even though better ones can
be use. The ionic liquid creates a nanoemulsion in the nonpolar medium and so can dissolve polar
compounds of crude oil, namely H2S. The experiment design parameters such as temperature, time and
the scavenger dosage were displayed that all three parameters are effective on the removal of H2S.

5. References:
[1] Czogalla, C, D. Boberg, F, (1983), Sulfur compounds in fossil fuels", Sulfur Reports, 3, pp121-167.
[2] Cyr, T. D, (1986), A homologous series of novel hopane sulfides in petroleum'', organic
Geochemistry,pp, 139-143.
[3] Payzant, J. D. Montgomery, D. S. Strausz, O. P.(1983). “Novel terpenoid sulfoxides and Sulfides in 
petroleum" Tetrahedron Letters, 24, pp651-654.
[4] Suthanyawatchai N. (2012), “Adsorption of Hydrogen Sulfide, Carbon dioxide and Methane by Zeolite
(Furrieries; H-FER): Computational Chemistry Method”. Advanced Materials Research، 356: 707-711.

[5] Skoog D.A. West D.M. Holler F.J. Crouch S.R. (2004) “Fundamentals of Analytical Chemistry”, 8th 
Edition, USA, Thomson Learning.
[5] Kulkarni, P. S. and Afonsoa, C. A. M. (2010), “Deep desulfurization of diesel fuel using ionic liquids: 
current status and future challenges”, Green Chem., 12, p. p. 1139–1149.
[6] Madria, N. Arunkumar, T. A. Nair, N. G. Vadapali, A. Huang Y. W. Jones, S. C. Reddy, V. P.(2013) “Ionic
Liquid electrolytes for lithium batteries: Synthesis, Electrochemical, and CYTOTOXICITY studies”, Power
Sources.
[7] Mohammad, Ali; Inamuddin (2012); “Green Solvents II Properties and Applications of Ionic Liquids”.
[8] Miran Beigi, A. A. Abdouss, M. Yousefi, M. Pourmortazavi, S. M. and Vahid, A. (2013); “Investigation on
physical and electrochemical properties of three imidazolium based ionic liquids (1-hexyl-3-
methylimidazolium tetrafluoroborate, 1-ethyl-3-methylimidazolium is (trifluoromethylsulfonyl) imide
and 1-butyl-3-methylimidazolium methylsulfate)”, Journal of Molecular Liquids, 177, 361–368.
[9] Li L . Moore P. K. (2008). Putative biological roles of hydrogen sulfide in health and disease: a breath of
not so fresh air? Trends in Pharmacological Sciences، 29(2): 84-90.



74 Safarkhani et al./ Journal of Nanoanalysis No. 02, Issue 03 (2016) 68-74 

[10] Lee Joshua Kumar Ranganathan. (2013). Laboratory study of hydrogen sulfide removal in slug flows ؛
in a high pressure crude oil loop. Journal of Petroleum Science and Engineering، 103(0): 72-79
[11] Hallett, J. P. and Welton T. (2011) “Room-Temperature Ionic Liquids: Solvents for Synthesis and 
Catalysis”, Chem. Rev. 06, 111, p. p. 3508–3576.
[12] Heaney Christopher D . Wing Steve Campbell Robert L ؛ . Caldwell David  Hopkins ؛
Barbara ,Yeatts Karin. (2011). Relation between malodor, ambient hydrogen sulfide؛Richardson David ؛
and health in a community bordering a landfill. Environmental Research، 111(6): 847-852.

[13] Eßer, J. Wasserscheidb, P. and Jess, A. (2004); “Deep desulfurization of oil refinery streams by
extraction with Ionic liquids”, Green Chem. 6, p. p. 316–322.
[14] Earle, M. J. Gordon, C. M. Plechkova, N. V. Seddon, K. R. and Welton T.(2007); “Decolorization of Ionic
Liquids for Spectroscopy”, Anal. Chem. 79, p. p. 758-764.
[15] D.X.Yongfeng Duan,Yuzhi Xiang, XiwenZhang, (2005),"Solid base for hydrogen sulfide removal in light
oil"J.Colloid Interface Sci.vol.281,pp 197-200
[16]. Duan Yongfeng Xia Daohong ؛ Xiang Yuzhi ؛ Zhang Xiwen. (2005). Solid base for hydrogen sulfide ؛
removal in light oil. Journal of Colloid and Interface Science، 281(1): 197-200
[17] Cui, H, Feng, Y. Ren, W. Zeng, T. Lv, H. Pan, Y.(2009), “Strategies of Large Scale Synthesis of
Monodisperse Nanoparticles”, Recent Patents on Nanotechnology, Vol. 3, pp. 32-41
[18]. Amosa, M. K. Mohammed, I. A. and Yaro, S. A, (2010), “Sulphide Scavengers in Oil and Gas Industry – 
A Review”, NAFTA, 61, p. p. 85-92.
[19] Yeon, S. H. Kima, K. S. Choi, S. Lee, H. Kimb, H. S. Kimc, H.(2005); “Physical and electrochemical
properties of 1-(2-hydroxyethyl)-3-methyl imidazolium and N-(2-hydroxyethyl)-N-methyl morpholinium
ionic liquids”, Electrochimica Acta, 50, p. p. 5399–5407.
[20]. Yoshida, Y. Baba, O. and Saito, G. (2007); “Ionic Liquids Based on Dicyanamide Anion: Influence of
Structural Variations in Cationic Structures on Ionic Conductivity”, J. Phys. Chem. B, 111, p. p. 4742-4749.
[21] Seeberger, A. and Jessb, A. (2010); “Desulfurization of diesel oil by selective oxidation and extraction
of sulfur compounds by ionic liquids-a contribution to a competitive process design”, Green Chem. 12, p. p.
602–608.
[22]. Taylor, G. N. Prince, P. Matherly, R. Ponnapati, R. Tompkins, R. and Vaithilingam, P.(2012);
“Identification of the Molecular Species Responsible for the Initiation of  morphous Dithiazine Formation 
in Laboratory Studies of 1,3,5- Tris (hydroxyethyl)-hexahydro-s-triazine as a Hydrogen Sulfide
Scavenger”, Ind. Eng. Chem. Res. 51, p. p. 11613−11617.
[23]. Taylor, A. W; Lovelock, K. R; Deyko, A; Licence, P. and Jones, R. G. (2010); “High vacuum distillation of
ionic liquids and separation of ionic liquid mixtures, ”Phys. Chem. Chem. Phys. 12, p. p. 1772–1783.
[24]. U.S. Department of Health and Human Services Public Health Service Agency for Toxic Substances 
and Disease Registry. (2006). Toxicological Profile for Hydrogen Sulfide.

[25]. Yoshida, Y. Baba, O. and Saito, G. (2007); “Ionic Liquids Based on Dicyanamide Anion: Influence of
Structural Variations in Cationic Structures on Ionic Conductivity”, J. Phys. Chem. B, 111, p. p. 4742-4749.


