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The efficiency of the Claus process plant is determined by material balance. 

A new commercial available catalyst is recommended with contact time 3 

seconds. A pilot plant has been designed to optimize temperature and air to 

gas ratio for maximizing of sulphur recovery in process thus reducing H2S 

pollution. 
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Introduction:- 
The Claus process remains to be the extensively used method for the conversion of H2S to sulfur [1]. 

The mission of Claus processes is to recover elemental sulfur from hydrogen sulfide and, more generally, from 

byproduct gases originating from physical and chemical gas and oil treatment units in refineries, natural gas 

processing, and gasification plants [2]. Sulphur is recovered from the Claus plant by the reaction  

                                  

                                Bauxite 

2H2S (g) + SO2  (g)
  
               3S (s) + 2H2O (g)   ……. (1) 

 

ΔH = -35 Kcal/g.mole 

 

The process for the recovery of sulphur in Claus plant involves the producing SO2 in the burner. SO2 can be 

produced by the combustion of the H2S with air in approximate proportion of 1:2.5. The incoming stream to the 

burner is gas and air through the blower. The reaction in the burner is as follows: 

    

 H2S  + 3/2 O2                SO2  + H2O    ……………… (2) 

 

ΔH = -123.97 Kcal/g.mole 

H2S and SO2 are catalytically reacted in a Claus converter. The reaction is highly exothermic. There are two 

converters and a condenser after each converter. As elemental sulphur is formed, the reverse dynamic of the reaction 

starts, according to the Le_chateliers principle. Thus for better yield, we remove the sulphur in the molten form by 

condensing the gases. Fig.1 gives block diagram of Claus process for sulphur recovery from hydrogen sulphide. The 

condenser prevents the sulphur from solidifying. Finally, the gases are let off in the atmosphere through the stack. 

http://www.journalijar.com/
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Fig. 1. Block Diagram of Claus Sulphur Recovery Process from Hydrogen Sulphide 

 

The paper deals with the following. 

 The gas analysis, in order to find out the variation in the concentration of H2S in the inlet gas stream. 

 The flow rate measurement experiments to quantity the variation in the inlet gas flow rate. 

 Increase of the sulphur recovery, for which exact areas of inefficiency are identified. The material balances 

are done in the various sections of the plant. 

 Presence of COS and CS2 in the inlet gas stream has been a problem, studies of different available 

commercial catalysts are made and a catalyst which increases hydrolysis of these components was 

recommended. 

 The ratio of air to gas entering to burner affects the yield of sulphur. A catalyst was recommended which 

gives a higher yield of sulphur in excess of oxygen. 

 

Methodology:- 
The problems encountered in the Claus plant are the variations in the H2S concentration and gas flow rate. The 

experiments were conducted with a view to establish these variations and hence improved the yields of sulphur. To 

find the H2S concentration in the input stream, the gas was sampled at the pressure point of mainline H2S in the 

Claus control room. The chemical analysis was done. To estimate the flow rate variation, experiments were 

conducted with gas holder. The rate gas holder rising or falling was found for each of the gas holder and the pressure 

of the gas in the holder and the rate of rising or falling of the gas holder gives the flow rate at that time. The pressure 

drop between the gas holder pressure point and Claus control room point was also found at the same time. A graph 

of flow rate Vs pressure drop was plotted. From this plot the pressure drop can be found out.  In order to increase the 

sulphur yield, the exact area of inefficiency must be identified. The material balance for sulphur was done for the 

whole plant. The efficiency of the converter was found to be very low, i.e. (15.47%). In order to increase the 

efficiency of the converter and hence the Claus plant efficiency, catalyst selection was made and a design of new 

converter was recommended. With a view to control the H2S produced in the furnaces, the present rate of charging 

was found and the optimum number of charges that should be done per hour of the day was established. To obtain 

kinetic data for the Claus reaction H2S and air let into a catalytic reactor (2.47 liters). Space time is varied from 3 to 

6 seconds, at three temperatures (150
0
C, 225

0
C, 300

0
C). This gives us the rate equation along with the optimum 

temperature and optimum space time. Next H2S, CS2 are fed with varying ratio of air (2.85 to 3.55). This gives us 

the optimum gas to air ratio. 

 

Gas Analysis (Concentration of H2S and CS2):- 

The gas was analyzed to find out the variation in the concentration of H2S and CS2 in the input stream to the burner. 

H2S in the input stream to burner is 60.28% and CS2 is 15.73%. The difference between the percentage gas absorbed 

and percentage H2S and CS2 present, is the percentage of CO and CO2 present in the sample taken. Average 

percentage of CO and CO2 present in the samples was found to be about 17%. 

 

Sampling Parameters:- 

1. Sampling location: The gases were analyzed before gases enter the burner. The sampling point was the pressure 

point of main line H2S available in the Claus control room. 

2. Period of sampling: For effective results, the period of sampling was established as 1 hour. 
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3. Size of sample: 500 ml of gas was dissolved in 150 ml of alcoholic KOH. 

 

Description of the equipment:- 

Gas samples were taken with the help of Orsat apparatus as described in figure 2. Saturated sodium chloride solution 

was used for pumping the gas into the absorption town. Water cannot be used the cylinder meant for it. For gas 

collection, 150 ml of alcoholic KOH was prepared. 

 

 

Fig. 2  Orsat Apparatus 

 

Flow rate determination:- 

To establish flow rate variation, the pressure drop experiments were conducted with the gas holder. The pressure 

drop, Δ P Vs Q (flow rate) has been plotted (Fig 3). This can act as a rough guide to ascertain the flow rate of a 

given pressure drop which can be easily read by installing a u-tube manometer. The flow rate Vs time has indicated 

that the maximum flow rate around 145 m
3
/hr exist at maximum charging to the furnaces.  In general the flow rate 

of the gas to the Claus plant is varying between 50 m
3
/hr to 150 m

3
/hr. To find out the efficiency of the Claus plant, 

the material balance of CS2 plant was done. The efficiency of the Claus plant was found to be 68.7 %.  The sulphur 

input to the Claus plant found from the experiments is within 0.75% error. 

 

Fig. 3.  Flow Rate Vs Pressure Drop Q (m
3
/hr) Vs Δ P (N/m

2
) 
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The temperature of Claus burner is around 700
0
C. H2S conversion at this temperature was 63% (Fig. 4).  

 

 

Fig.  4.     H2S Conversion Vs Temperature 

 

If converter efficiency increases, the Claus plant efficiency will also be increases, therefore to improve the 

efficiency of the converter and hence the Claus plant efficiency, a detailed study of the commercial catalyst was 

done. To obtain the best conversion of  H2S, the following steps are necessary. 

a) Remove the Sulfur product at each step periodically. 

b) To use the most effective catalyst i.e. those which provide a rapid reaction rate and obtain thermodynamic 

balance as quickly as possible. The detailed study of catalysts [6-8], 

revealed that CRS-31 is the best catalyst for Claus plant. 

 

Basis for CRS-31 Selection [9-13]:- 

Presence of COS and CS2 in the gas mixer:- 

The main problem in the converter is the presence of COS and  CS2 which must be hydrolyzed. CRS-31 increases 

the hydrolysis of COS and CS2.  

 

Reactions are as follows: 

COS + H2O  CO2  + H2S   ………………………. (3) 

CS2 + 2 H2O  CO2  +2 H2S ………………………. (4) 

 

Ratio of H2S  to air entering the burner: 

The gas to air ratio is controlled manually. As there are huge variations in the flow rate and concentration, the ratio 

is not kept proper most of the time. This normally results in excess of air. If air is more than the stoichometric ratio, 

more of SO2 will be formed. Further it will react with oxygen and sulphate formation will taken place. Sulphation 

effect is a major reason for loss of catalyst activity. The total elimination of which is practically impossible. To 

achieve the highest performance during an extended period of time, CRS-31 is recommended. CRS-31 increases the 

yield of the Claus reaction in presence of a large excess of oxygen. 

 

2 H2S  +  SO2 
𝐶𝑅𝑆−31
        2H2O + 3S ………………………. ( 5 ) 

Since CRS-31 increases the hydrolysis of COS and CS2, H2S will be formed and this H2S will react with excess SO2  

to give sulphur. Hence sulphur yield increases. Regeneration of the catalytic bed is not required with loading of CRS-

31. 
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Converter Design [14-16]:- 

To increases the converter efficiency to 95% with catalyst CRS-31, a new converter designed proposed. 

 

Specific design approach:- 

Less efficiency of converter is because of following reason 

(a) The catalyst used, (b) Sulphation, (c) Sulfur deposition. 

To avoid sulphation and to increase the activity of catalyst, a new catalyst CRS-31 is recommended. It was 

suggested that the catalyst to be placed in the tubes and steam to be passed around it. The length of the tube will be 

determined by allowable pressure across the catalyst bed. The catalyst will be supported by wire mesh fixed at the 

bottom of the tube. The diameter of tube was optimized w.r.t. number of tube and with steam passing around the 

tubes, so that the problem of sulfur deposition on the catalyst can be eliminated.  

 

Functional Design:- 

Contact time vs. temperature plot for CRS-31 catalyst, has indicated 5 sec as an optimal contact time. The design is 

been done for maximum flow rate 150 m
3
/hr and ratio of air gas to the burner 2.5:1. Only 1/3 of the gas is used for 

the production of SO2 in the burner. Therefore 2/3 of the gas goes to the converter as per the reaction in the burner. 

H2S + 3/2 O2  →  H2O + SO2 SO2 …………….. (6) 

The temperature of convertor is 300
0
C. The total flow rate to the convertor is found to be 840.4 m

3
/hr. Therefore in 

view of 5 sec contact time and flow rate 840.4 m
3
/hr, the volume of converter is comes to be 1.17 m

3 
. 10% over 

design is done due to aging, channeling and sulphation problems. The maximum allowable pressure drop across the 

catalyst bed in the converter is 245.166 25 N/M
2
. For this design, 49.033 25   N/M

2 
is suggested so that due to aging, 

sulphation and channeling, this does not cross the maximum limit. Table 1 gives the details about the catalyst. 

 

Table 1. Details of catalyst 

Parameters  Details  

The area of the catalyst                                             4.2 m
2
 

Gas velocity                                                              3.33 m/min 

The number of tubes                                                  565 

Shell ID                                                                     3.35 m  

Pitch    1.25 times tube diameter (5”) 

Bulk density of CRS-31(Rhone Poulenic)             900 kg/m
3𝑚3 

Volume of catalyst bed                                         1.28 m
3
 

Catalyst required                                                     1152 kg 

Typical properties of the catalyst CRS-31for Claus plant is given in Table 2.  

 

Table  2. Properties of the catalyst CRS-31 

Properties   Details  

Shape  Diameter 4mm 

Specific surface diameter 120 m
2
/gm 

Bulk density                                       0.9 gm/ml 

Average crushing strength                  9 kg 

Composition  TiO2 > 85% 

 

Furnace charging:- 

The quantity of H2S varies with variation in the time of charging. The sulfur is fed continuously to the furnace in the 

liquid form. Due to non-uniform charging of the charcoal, fed is not in proportion to the sulfur feed when there is 

less  charcoal, more of H2S is produced in comparison to CS2 produced. Therefore, charging of charcoal must be 

done uniformly to the furnaces. To reduce the variation, the average number of chares that should be done every 

hour of the day, was calculated to be 1.35 charges. Two converters should be used in series, so that efficiency as 

high as 95% continues for a longer period. In the beginning, the first converter will do most of the conversion (93-

95%) and second converter will be a small portion of it (3-5%) but after some years, the efficiency of the second 

converter will rise to (10-35%). 
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Recommendations:- 
The following recommendations are made to increase the yield of sulfur in the Claus plant. 

1. The commercial catalyst CRS-31 (Rhone-Poulenic Us) should be used [17] as 

a. It increases the hydrolysis of COS and CS2. 

b. It increases the sulfur yield even in presence of excess of oxygen. 

2. A modified converter should be used with catalyst CRS-31 (Rhone-Poulenic Us) inside the tube and steam 

passing around, it in order to  

a. Sulfur  deposition 

b. Sulphation 

3. Two converters should be used in series, so the overall efficiency of the plant will remain at 95%for a longer 

period of time. 

4. The charges to the furnaces should be at uniform rate. 
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