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Abstract: Hydrogen sulfide is a toxic and odorous compound present in biogas produced by the anaerobic
digestion of biosolids and other organic materials. Reactive absorption of hydrogen sulfide into aqueous ferric
sulfate solution is a direct process for H S removal and Sulfur recovery. Apart from sulfur, only H O is2 2

generated in the process and consequently, no waste treatment facilities are required. A distinct advantage of
the process is that the reaction of H S with is so rapid and complete that there remains no danger of discharging2

toxic waste gas. Effective operation parameters on this process considered. Results show that high temperature
and low pressure are suitable for absorption reaction. Variation of hydrogen sulfide concentration and Fe3+

concentration with time in absorption reaction shown that the reaction of ferric sulfate and hydrogen sulfide
is first order with respect to the both reactant. At low concentration of Fe (SO ), the absorption rate of H S2 4 2

increase with increasing the Fe (SO )  concentration. At higher concentration, a decrease in the absorption rate2 4 3

was found. At higher concentration of Fe (SO ) , the ionic strength and viscosity of solution increase2 4 3

remarkably resulting in a decrease of solubility, diffusivity and hence absorption rate.
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INTRODUCTION Nowadays, researchers and scientists have been

Hydrogen sulfide (H S) is being produced by many methods for H S removal from gaseous streams. Various2

industrial  activities such as petroleum refining, natural solid materials have been developed to capture H S from
gas and petrochemical plants, viscose rayon a number of industrial gas effluent streams [7-13]. Several
manufacturing craft, pulp manufacturing, food processing, commercial techniques are available for the removal of
aerobic and anaerobic wastewater treatments and many H S, including aqueous NaCl [14], iron-based sorbents
other industries [1]. The presence of H S in gaseous [15, 16], activated carbon [17], Fe O , metal oxides [18, 19]2

streams proscribes the direct use of these gases because and removal of H S using aqueous red mud [20] which is
of its toxic properties, the formation of SO  upon a caustic waste product of alumina industry [21]. Most of2

combustion and the problems it usually gives in the process use gas-liquid contactors in which the H S is
downstream processing [2]. Upon inhalation, H S reacts absorbed into a complexing reagent to give either another2

with enzymes in the blood stream and inhibits cellular dissolved sulfide containing component and problems are
respiration resulting in pulmonary paralysis, sudden the degradation of the solvent [22]. Iron (Fe) is an
collapse   and    death.    Continuous  exposure   to  low excellent oxidizing agent to convert H S to elemental
(15-50 ppm)  concentrations  will  generally  cause sulfur (S). During the1960s, intensive researches
irritation to mucous membranes and may also cause commenced in England focused on increasing the
headaches, dizziness and nausea. Higher concentrations solubility of elemental Fe  in aqueous  solutions  and
(200-300 ppm) may  result  in  respiratory  arrest  leading they  realized  that  Iron  is an  excellent  oxidizing agent
to  coma  and unconsciousness [3-6]. This means that it to  convert H S to elemental sulfur (S) [23]. However,
is  often  necessary  to remove H S from gas stream prior there is always research for the development of effective2

to use. and low-cost method.

focused on developing effective, stable and practicable
2
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MATERIALS AND METHODS

In this research, the reactive absorption of H S into2

aqueous ferric sulfate (Fe (SO ) ) solution has been2 4 3

studied and design calculations for equipment have been
done. An aqueous Fe (SO )  solution used an absorbent2 4 3

in this process. H S absorbed and oxidized to elemental2

sulfur and at the same time, Fe  is reduced to Fe3+ 2+

according to Eq. 1.

H S + 2Fe S  + 2Fe  + 2H (1)2
3+ 0 2+ +

Elemental sulfur is removed from the solution by Fig. 1: Process scheme of process for H S removal, 1-
separator and the reactant Fe  is regenerated from Fe  by Absorber, 2- Oxidizer, 3- Solid-liquid separator3+ 2+

oxidation in reactor to the following reaction (Eq. 2):

Fe  + H  0.25O  2Fe  + 0.5H O (2) (4)2+ + 3+
2 2

Depending on the gas flow rate and the efficiency
required several types of absorbers are suitable, such as
jet  scrubbers,  bubble-cap  towers  or   packed  towers. (5)
The sulfur separator can include filter press, settler and
sulfur melters, depending on quality of elemental sulfur
required. Apart from sulfur, only H O is generated in the The  height  of  liquid  and  gas-film  transfer  units2

process. Thus, this process does not need waste (H , H ) and overall gas-phase transfer unit [2] are
treatment facilities [22]. obtained from Eqs. 6 to 8.

A distinct advantage of this process is that the
reaction of H S with Fe (SO ) , is so rapid and complete (6)2 2 4 3

that there remains no danger of discharging toxic waste
gas. The process is schematically depicted in Fig. 1.

Process Design Calculations: In this work it was
assumed that a packed tower used as absorber,
continuous filter used as solid-liquid separator to separate (8)
sulfur from outlet liquid and a back mixing reactor used as
oxidizer to regenerate Fe  to Fe . According to these And after calculations, tower's height (Z) calculated2+ 3+

assumptions and for known gas flow rate (100000 kg/day (Eq. 9).
sour gas, contain  4% v/v H S), design calculations have2

been done. Z = H . N (9)
Calculations  have  been  done for a packed tower

with 2 inches raschig rings as packing and 0.1 molar Subsequently, Diameter and height of absorption
Fe (SO )  concentration. Onda's method used to calculate tower are 3.6 ft and 12.5 ft and pressure drop is 0.352 4 3

k  and k , gas and liquid side mass transfer coefficient inH O/ft packing [24-26].G L

(Eqs. 3, 4, 5). In this process assumed that Oxidizer is a back mixing

done for oxidizer. Fe  is regenerated from Fe  according

(3) with respect to Fe , as follow (Eq. 10):

2

G L

(7)

OG OG

2

reactor. According to this assume, calculations have been
3+ 2+

to equation 2 and it is relatively slow reaction. The
reaction is first order with respect to oxygen and is 0.536
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(10)

Consequently, Oxidizer's height and diameter are 2.45
ft and 4.9 ft [27-29].

RESULTS AND DISCUSSION

Variations of Reactant Concentration: As other
researchers found before[19], this experimental results
also showed that the absorption reaction of hydrogen Fig. 5: Influence pressure on H S concentration in outlet
sulfide by Fe (SO )  solution appears irreversibly and is2 4 3

first order with regard to both reactants. Variations of Recent studies have resulted at low Fe (SO )
concentration profile of the reactants calculated in recent concentrations (up to 0.3 M) the absorption rate of H S
studies. These profiles had shown in Fig. 2 and Fig. 3. increase with total Fe (SO )  concentration. At higher

Fig. 2:  Fe Concentration profile cost and energy consumption. Therefore, some effective3+

Fig. 3: H S Concentration profile absorbent has been studied theoretically and calculations2

Fig. 4: Influence of temperature on H S concentration in decrease of the solubility, diffusivity and liquid side mass2

outlet transfer coefficient of H S and hence absorption rate.

2

2 4 3

2

2 4 3

Fe (SO )  concentrations a decrease in the absorption rate2 4 3

was found. At higher concentration of Fe (SO )  the ionic2 4 3

strength and viscosity of the solution increase remarkably
resulting in a decrease of the solubility, diffusivity and
liquid side mass transfer coefficient of H S and hence2

absorption rate [22].

Influence of Temperature and Pressure on the Process:
It is important to have an exact control on effective
parameters in reaction to have high efficiency and low

parameters in this process are considered. Results shown
that high temperature and low pressure is appropriate
condition for absorption reaction as shown in Fig. 4 and
Fig. 5.

CONCLUSIONS

 The preferred treatment method for sulfur containing
gas streams depends on the source of the gas. H S2

removal from gas streams using aqueous ferric solution as

for absorber and oxidizer have been done and their
dimensions are obtained for a known sour gas flow rate.
The absorption reaction is first ordered with respect to
both H S and ferric iron concentration and influence of2

temperature and pressure on H S absorption show that in2

high pressure and low temperature the process should
have higher efficiency and optimum concentration of
Fe (SO ) should be used in the process due to increasing2 4 3

the ionic strength and viscosity of the solution at higher
concentration of Fe (SO ) consequently, resulting in a2 4 3,

2
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NOMENCLATURE 4. Alemian,  A.,  G.D.   Najafpour,   M.  Khavarpour,

a Surface area of interface per unit volume of column,
m /m2 3

Surfacetension, J/m2

µ Viscosity of liquid, Ns/mL
2

µ Viscosity of liquid, Ns/mV
2

Density of liquid, kg/mL
3

Density of gas, kg/mV
3

D Liquid phase diffusivity, m /sL
2

D Vapour phase diffusivity, m /sV
2

k Liquid side mass transfer coefficient, m/sL

k Gas side mass transfer coefficient, kmol/m  atm sG
2

H Height of transfer unit-liquid film, mL

H Height of transfer unit-gas film, mG

H Height of transfer unit-overall (gas concentrations),OG

m
K Overall liquid-phase transfer coefficient, m/sL

K Overall gas-phase transfer coefficient, s/mG

G Molar rate of gas per unit cross-section, kmol/m  s m
2

L Molar rate of liquid per unit cross-section, kmol/m  sm
2

Liquid flow rate (mass) per unit cross-section, kg/m2

s
Gas flow rate (mass) per unit cross-section, kg/m  s 2

dp Packing size, m
C Total molar concentration, kmol/mT

3

R Universal gas constant, J/kmol K
Z Height of packed column, m
g Acceleration due to gravity, m/s2

P Total pressure, N/m2

T Absolute temperature, K

REFERENCES

1. Wang,  C.  and  Y.  Pei, 2012. The removal of
hydrogen sulfide in solution by ferric and alum water
treatment residuals. Chemosphere, In Press,
Corrected Proof.

2. Ter Maat, H., J.A. Hogendoorn and G.F. Versteeg,
2005. The removal of hydrogen sulfide from gas
streams using an aqueous metal sulfate absorbent:
Part I. The absorption of hydrogen sulfide in metal
sulfate solutions. Separation and Purification
Technology, 43(3): 183-197.

3. Syed, M., G. Soreanu, P. Falletta and M. Béland, 2006.
Removal of hydrogen sulfide from gas streams using
biological processes - a review. Canadian Biosystems
Engineering, 48: 2.1-2.14.

A.A. Ghoreyshi and H. Heydarzadeh Darzi, 2012.
Anaerobic Oxidation of Hydrogen Sulfide in Batch
Bioreactor Using Micro Organism Isolated from
Ramsar Hot Spring. Iranica Journal of Energy and
Environment, 3(2): 118-122.

5. Khavarpour,  M.,  G.D. Najafpour, A.A. Ghoreyshi,
M. Jahanshahi and B. Bambai, 2011.
Biodesulfurization of Natural Gas: Growth Kinetic
Evaluation. Middle-East Journal of Scientific
Research, 7(1): 22-29.

6. Mulia, R.M., H. Kusnoputranto, S.S. Moersidik and
R. Sihombing, 2012. Optimization Operational Variable
of Bench Scale Biological Flue Gas Desulphurisation
Application in Sulfuric Acid Industry. World Applied
Sciences Journal, 18(9): 1310-1314.

7. Wang, X., J. Jia, L. Zhao and T. Sun, 2008.
Mesoporous SBA-15 Supported Iron Oxide: A Potent
Catalyst for Hydrogen Sulfide Removal. Water, Air
and Soil Pollution, 193(1): 247-257.

8. Katoh, H., I. Kuniyoshi, M. Hirai and M. Shoda, 1995.
Studies of the oxidation mechanism of sulphur-
containing gases on wet activated carbon fibre.
Applied Catalysis B: Environmental, 6(3): 255-262.

9. Jianwen, Z., L. Da and f. Wenxing, 2011. Analysis of
Chemical Disasters Caused by Release of Hydrogen
Sulfide-bearing Natural Gas. Procedia Engineering,
26: 1878-1890.

10. Liang, W.J., H.P. Fang, J. Li, F. Zheng, J.X. Li and
Y.Q. Jin, 2011. Performance of non-thermal DBD
plasma reactor during the removal of hydrogen
sulfide. Journal of Electrostatics, 69(3): 206-213.

11. Li, X.S., H.J. Wu, Y.G. Li, Z.P. Feng, L.G. Tang and
S.S. Fan, 2007. Hydrate dissociation conditions for
gas mixtures containing carbon dioxide, hydrogen,
hydrogen sulfide, nitrogen and hydrocarbons using
SAFT. The Journal of Chemical Thermodynamics,
39(3): 417-425.

12. Feng, X., L. Wang and S. Min, 2009. Industrial
emergy evaluation for hydrogen production systems
from  biomass  and  natural  gas.  Applied Energy,
86(9): 1767-1773.

13. Nguyen-Thanh, D., K. Block and T.J. Bandosz, 2005.
Adsorption of hydrogen sulfide on montmorillonites
modified with iron. Chemosphere, 59(3): 343-353.

14. Duan, Z., Sun, R., Liu, R., Zhu, C., 2007. Accurate
Thermodynamic Model for the Calculation of H S2

Solubility in Pure Water and Brines. Energy and
Fuels, 21(4): 2056-2065.



World Appl. Sci. J., 19 (2): 241-245, 2012

245

15. Xie,  W.,  L.  Chang,  D.  Wang,  K.  Xie, T. Wall and 22. Ebrahimi, S., R. Kleerebezem, M.C.M. Van Loosdrecht
J. Yu, 2010. Removal of sulfur at high temperatures and J.J. Heijnen, 2003. Kinetics of the reactive
using iron-based sorbents supported on fine coal absorption of hydrogen sulfide into aqueous ferric
ash. Fuel, 89(4): 868-873. sulfate solutions. Chemical Engineering Science,

16. Wang, J., et al., 2011. Simultaneous removal of 58(2): 417-427.
hydrogen sulfide and mercury from simulated syngas 23. Heguy, D.L. and G.J. Nagl, 2003. Consider optimized
by iron-based sorbents. Fuel, In Press. iron-redox process to remove sulfur. Hydrocarbon

17. Nguyen-Thanh,  D.  and T.J. Bandosz, 2005. Processing, pp: 53-57.
Activated carbons with metal containing bentonite 24. Sinnott, R.K., 2005. Coulson and Richardson's
binders as adsorbents of hydrogen sulfide. Carbon, Chemical Engineering Volume 6 - Chemical
43(2): 359-367. Engineering Design, (4  Edition), Elsevier.

18. Ko, T.H., H. Chu and L.K. Chaung, 2005. The 25. Kolev, N., 2006. Packed Bed Columns: For
sorption of   hydrogen   sulfide   from   hot  syngas absorption, desorption, rectification and direct heat
by  metal  oxides  over  supports.  Chemosphere, transfer, (1  edition), Elsevier Science.
58(4): 467-474. 26. Richardson, J.F., J.H. Harker and J.R. Backhurst, 2002.

19. Van  Dijk,  H.A.J.,  S.  Walspurger,  P.D.  Cobden, Chemical Engineering Volume 2, (5 edition),
R.W. Van Den Brink and F.G. De Vos, 2011. Testing Butterworth-Heinemann.
of hydrotalcite-based sorbents for CO  and H S 27. Treybal,  R.E.,   1980.   Mass   Transfer  Operations,2 2

capture for use in sorption enhanced water gas shift. (3   Edition) (McGraw-Hill  International   Editions)
International Journal of Greenhouse Gas Control, by Robert E. Treybal. McGraw Hill Higher Education.
5(3): 505-511. 28. Levenspiel, O., 1999. Chemical Reaction Engineering,

20. Pandey, R.A., S. Malhotra, A.S. Rajvaidya, S. Sharma, (3  Edition), John Wiley and Sons.
S. Peshwe, V.K. Raman and A.S. Bal, 2003. Bench 29. Perry, R.H. and D.W. Green, 1997. Perry's Chemical
Scale Evaluation of a Chemo-biochemical Process for Engineers' Handbook (7  Edition), McGraw-Hill.
Desulphurization of Gaseous Streams Containing
Hydrogen Sulphide. Water, Air and Soil Pollution,
146(1): 243-260.

21. Sahu, R.C., R. Patel and B.C. Ray, 2011. Removal of
hydrogen sulfide using red mud at ambient
conditions.     Fuel       Processing    Technology,
92(8): 1587-1592.

th

st

rd

rd

th


