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Abstract: 

The aim of this project was to design different chemical processes using Chemcad software. 
Following five Chemcad models that had industrial relevance were designed and discussed, 
production of nitric acid by ammonia oxidation process, Production of sodium carbonate by 
Solvay process, production of hydrogen by steam reforming of natural gas, production of 
sulphuric acid by Contact process and production of sulphur by Claus process. Equilibrium 
reactor, Gibbs reactor, absorption tower, heat exchangers, condensers, separators, pumps, 
compressors and mixers are designed on flow sheet diagram using Chemcad software. Mass 
balances and energy balances of Chemcad models were compared with bachelor thesis work and 
their differences and similarities were discussed in detail. In all processes reasonable results were 
obtained. Mostly in all cases results are the same as in the bachelor thesis. It was seen that 
equilibrium reactors give better results as compare to Gibbs reactors because when conversion 
factor of the chemical reaction was not known, Gibbs reactor was used and it adjust the 
conversion by itself according to equilibrium concentrations of the compounds. SI unit system 
was used in Chemcad models because in Sweden the SI system is very well established.  
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Executive Summary: 

The purpose of this work is to solve mass and energy balances for chemical engineering systems 
and designing of equipments by applying a flow sheeting Chemcad program. Also provide a list 
of carefully checked chemical engineering processes on flow sheeting system using Chemcad 
software.  Chemcad is frequently used in process industries flow sheets. Different unit operations 
are solved in flow sheeting system using Chemcad software. Different equipments like 
Equilibrium reactors, Gibbs reactors, absorption towers, Pumps, mixer, compressors, dividers, 
heat exchangers and separators are designed on flow sheets using Chemcad. Bachelor thesis 
calculations are compared with Chemcad results and their results are discussed. 

Five chemical process industries were designed on flow sheet system using Chemcad. These 
process industries are, 

a. production of nitric acid by ammonia oxidation process  
b. Production of sodium carbonate by Solvay process 
c.  Production of hydrogen by steam reforming of natural gas 
d.  Production of sulphuric acid by Contact process 
e.  Production of sulphur by Claus process.  

Ammonia oxidation process raw materials are ammonia, air and water. Compositions of 
products, material balances and energy balances are compared with Salman [1]. Ammonia is 
converted into nitric acid by following reactions, 

                                        4NH3 + 5O2                àààà      4NO + 6H2O      (exothermic reaction) 

NO + 0.5 O2             àààà                NO2 

                                        3 NO2 + H2O              àààà        2HNO3 + NO (exothermic reaction) 

Solvay process raw materials are sodium chloride (NaCl); lime stone (CaCO3) and ammonia 
(NH3). Compositions of products, material balances and energy balances are compared with 
Khan [5]. Solvay process gives sodium carbonate by following main reactions, 

                                        CaCO3       àààà       CaO + CO2     (80% conversion, endothermic reaction) 

                                  CaO + H2O      àààà       Ca (OH) 2          (exothermic reaction) 

     NaCl + NH4OH + CO2      àààà         NH4Cl + NaHCO3   (75% conversion, exothermic reaction) 

                    2NaHCO3         àààà        Na2CO3+ CO2 + H2O (endothermic reaction) 

Hydrogen production process is designed on Chemcad in two flow sheets using different types of 
reactors. Raw materials for the production of hydrogen are natural gas and steam. Compositions 
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of products, material balances and energy balances are compared with Nazir [7]. Hydrogen 
production by steam reforming of natural gas involves the following main reactions, 

                                         CH4 + H2O            àààà      H2 + CO +CO2 (exothermic reaction) 
                                         CO + H2O           àààà      CO2 + H2 
Preparation of sulphuric acid by contact process is based upon the catalytic oxidation of SO2 to 
SO3. Raw materials for the production of sulphuric acid are Sulphur, oxygen, catalyst vanadium 
oxide and sulphuric acid for absorption of SO3 in acid. Compositions of products, material 
balances and energy balances are compared with Ahmed [12]. Production of sulphuric acid by 
Contact process involves the following chemical reactions,  
 
                                              S      +    O2                àààà            SO2    (exothermic reaction) 
                                              SO2 +   O2                   àààà            SO3 
                                             SO3 +H2O                    àààà           H2SO4 (exothermic reaction) 

Raw materials for the production of sulphur by Claus process are hydrogen sulphide and air. This 
process operates at atmospheric pressure. Compositions of products, material balances and 
energy balances are compared with Waseem [15]. Claus process produces Sulphur by following 
main reactions, 

                                        H2S+ 3/2O2                 àààà           SO2 + H2O (exothermic reaction) 

                                        CH4 + SO2              àààà           CO2 + 2H2O 

                                        2H2S + SO2           àààà           3/2S2 +2H2O (highly exothermic reaction) 

Theses industrial processes flow sheets involves equilibrium reactors, Gibbs reactors, pumps, 
mixers, heat exchangers, absorption towers, separators, fired heaters, condensers and 
compressors. Only Hydrogen production process dually designed in two flow sheets using 
Chemcad, one flow sheet performed the calculations by using Equilibrium reactors and other 
flow sheet involves Gibbs reactors. One problem in this case that it is not possible to use ZnO 
bed in Chemcad software. 

Results of Chemcad calculations are compared with hand calculations of bachelor thesis. In all 
processes flow sheets every equipment exit streams are analyzed and compared with bachelor 
thesis work. All temperatures and pressure values are also compared and discussed.  

These industry production processes designing using Chemcad are very good examples due to 
the use of different designed equipments, specially Equilibrium reactors, Gibbs reactors gives 
very excellent results. Absorption towers and condensers properly converged and give results 
being close to the literature data. In case of nitric acid, there is one problem of this Chemcad 
model that all the water not condensed due to negative flow in the cooler section. In Solvay 
process Chemcad model has also one drawback that it cannot converge the recycled streams. In 
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the case of sulphur production Chemcad results are more reliable because Waseem [15] has some 
errors in the hand calculations. In case of sulphuric acid also facing one problem that in this 
Chemcad model catalyst cannot be used or shown in this software. 
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1. Introduction: 

1.1 Background 
Chemcad is developed by Dr. Rudy Motard and Dr. Ernest Henley at the University of Houston 
with a grant from the U.S Navy. Chemcad is chemical process simulation software that enhances 
an engineer’s capabilities and increases productivity of the process. Chemcad supercharges an 
engineer’s efficiency when facing the toughest chemical process models [16]. The Chemcad 
software system is suite of modules operating within a single program but licensed individually. 
Chemcad used for steady state simulation, physical properties calculations, equipment sizing and 
costing and many other chemical engineering calculations [17]. Chemcad software is used to draw 
flow sheets of the chemical industrial processes, improve the efficiency and ensure higher 
productivity. For over 20 years, Chemcad has been involved with chemical engineering 
industries and it provides simulating tools that help to advance the field. Aspen tech and Chem 
Sep are other alternative software besides Chemcad which are used to design the chemical 
industrial processes.  

1.3 Aim of the project 
• Designed different industrial process flow sheets using chemcad software. 
• Compare the hand calculations with Chemcad calculations. 
• Provide a list of carefully checked examples in Chemcad software. 
• Increased the knowledge of a process simulation tool that is widely used in the industry. 
• Increased and maximized the productivity of the Chemical processes by using Chemcad 

software. 

2. Theory: 
Five chemical industrial processes were designed using Chemcad software. These five industrial 
bachelor thesis for Chemcad modeling were taken from Pakistan. Brief introduction of all five 
process are given below, 

2.1 Production of Nitric acid by Ammonia Oxidation Process 
Nitric acid is one of the most widely used acids in chemical process industry. Ammonia 
oxidation process is most economical and efficient process for the production of nitric acid. Most 
nitric acid production industries used this process in Pakistan.     

Ammonia oxidation process consist of following two stages, in the first stage ammonia is 
oxidized to nitric oxide, nitric oxide is again oxidized to nitro dioxide. In stage two this gas is 
absorbed by water to produce nitric acid.  
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Here is the list of the equipment used in this process, 

• Compressor 
• Mixers 
• Heat exchangers 
• Reacting chamber 
• Steam super heater 
• Waste heat boiler 
• Platinum filter 
• Tail gas preheater 
• Condenser 
• Oxidation unit  
• Absorber 

2.2 Production of Sodium carbonate by Solvay process: 
Sodium carbonate is a sodium salt of carbonic acid. It is very important product of the chemical 
industry because it has different uses. Raw materials for this process are easily available in 
Pakistan so this process widely use in Pakistan. These raw materials are sodium chloride (NaCl); 
lime stone (CaCO3) and ammonia (NH3). Sodium carbonate is domestically known for its 
everyday use as a water softener. Ammonia is recycled in this process which makes it 
economical and efficient. In this process sodium bicarbonate is first prepared according to the 
following reaction, 

                                    NaCl + NH4OH + CO2  àààà  NH4Cl + NaHCO3 (Exothermic reaction) 

 

Sodium bicarbonate is then heated at high temperature and converts it into Sodium carbonate 
according to following reaction, 

                                   2NaHCO3  àààà  Na2CO3+ CO2 + H2O (Endothermic reaction) 

Here is the list of the equipment used in this process, 

• Lime kiln 
• Ammonia absorber 
• Separators 
• Heat exchangers 
• Mixers 
• Carbonating tower 
• Slaker 
• Ammonia distiller 
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22..33  PPrroodduuccttiioonn  ooff  HHyyddrrooggeenn  bbyy the Steam Reforming of Natural Gas 
Raw materials for the production of hydrogen are natural gas and steam. Natural gas is 
abundantly available in Pakistan so this process is widely used in Pakistan. This process is most 
simple than any other processes due to low capital cost. This process is environmentally friendly. 

In this process methane gas is converted into hydrogen, carbon dioxide and carbon monoxide 
according to the following reaction, 

                                          CH4 + H2O àààà H2 + CO +CO2 (Exothermic reaction) 

Further carbon monoxide is allowed to pass through HTSC and LTSC for the more production of 
the hydrogen according to the following reaction, 

                                           CO + H2O àààà CO2 + H2 

Here is the list of the equipment used in this process, 

• Fired heater 
• Heat exchanger 
• Mixer 
• Desulphurizer 
• Reformer 
• HTSC  (High temperature shift convertor) 
• LTSC   ( low temperature shift convertor) 
• CO2 absorber 

2.4 Production of Sulphuric Acid by the Contact Process 
Raw materials for the production of sulphuric acid are Sulphur, Oxygen, catalyst vanadium oxide 
and sulphuric acid. 

Preparation of sulphuric acid by contact process is based upon the catalytic oxidation of SO2 to 
SO3. Raw materials for the production of sulphuric acid are Sulphur, oxygen, catalyst vanadium 
oxide and sulphuric acid for absorption of SO3 in acid. Following steps are involved in the 
production of sulphuric acid, 

• Preparation of SO2 
• Oxidation of SO2 
• Absorption of SO3 

The main reaction of this process is, 
                                 SO3 +H2O     àààà   H2SO4       (Exothermic reaction) 

Here is the list of the equipment used in this process, 

• Fired heater 
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• Mixer 
• Sulphur burner 
• Catalytic oxidizer’ 
• SO3 absorber 
• Separators 

2.5 Production of Sulphur by Claus process 
Raw materials for the production of sulphur by Claus process are hydrogen sulphide and air. 
Methane gas is coming with air for burning. The production of elemental sulphur by Claus 
process is well established technique. This process converts a toxic hydrogen sulphide into 
elemental sulphur. This process is widely used for controlling the air pollution in the world. 
Following reactions takes place in this reactor, 

                                                 H2S+ 3/2O2     àààà   SO2 + H2O     (Exothermic reaction) 

                                                 CH4 + 2O2     àààà CO2 + 2H2O     

                                                  2H2S + SO2   àààà 3/2S2 +2H2O    (Highly exothermic reaction) 

 

Here is the list of the equipment used in this process, 

• Burners 
• Control valve 
•  Orifice plate 
• Boiler 
• Condensers 
• Reaction chambers 

3.  Problems 
• It is not possible to use a compressor in Chemcad which divide the air into two streams, 

see Figure 1. 
• It is not possible to condense all the water in cooler section because by giving high 

conversion factor negative flow occurs, see Figure. 
• One drawback of this Chemcad is that it cannot converge the recycled streams, see Figure 

3. 
• It is not possible to use ZnO bed in Chemcad software, see Figures 4 and 5. 
• Catalyst cannot be shown in Chemcad software, see Figures 6 and 7. 
• While using Gibbs reactor it is assumes a perfect catalyst because it adjusts the 

conversion by itself according to equilibrium concentrations of the compounds. 



Master Thesis Page 12 
 

4. Chemcad Modeling: 

4.1 Production of Nitric acid by Ammonia Oxidation Process 

4.1.1 Introduction 
Nitric Acid is one of the most widely used acids in chemical process industry. There are various 
ways by which nitric acid can be produced each process has its own advantages and 
disadvantages. These processes are [1]  

a. Chilean Nitrate process 
b. Birkeland-Eyde Process 

c. Ammonia Oxidation Process 

Chilean nitrate process is the reaction between sodium nitrate and sulfuric acid to give nitric 
acid. 

                                       NaNO3 + H2SO4 àààà HNO3 + NaHSO4 

Scaling of equipment is a great difficulty in this process [1]. 

 

Birkeland- Eyde process uses the electric power. Reaction occurs due to lightning causing the 
temperature to rise to about 3000°C in the atmosphere to produce nitric oxide. The obtained 
nitric oxide is then oxidized to produce nitrogen dioxide. This nitrogen dioxide is dissolved in 
water to give nitric acid [1]. The direct combustion of air in an electric arc, developed by 
Birkeland and Eyde was abandoned because of its poor energy efficiency [3]. 

The crucial step in the production of nitric acid, the catalytic combustion of ammonia was 
developed by Ostwald around the turn of the century. The first production facility employing the 
Ostwald process came on stream in 1906 at Gerthe in Germany [3]. In the world, most nitric acid 
is produced by the oxidation of ammonia with air using platinum as a catalyst. This process 
produces acid up to 70% concentration. Its concentration can be raised up to 99% with the help 
of catalyst [1]. In ammonia oxidation process, ammonia is oxidized with oxygen in the presence 
of catalyst to produce nitric oxide; this nitric oxide is again oxidized to give nitrogen dioxide. 
This gas is readily absorbed by the water to give the nitric acid and nitric oxide. The remaining 
nitric oxide is recycled. Further this acid is concentrated by distillation. 

Nitric acid has a wide use in industrial area; about 80% of world production of nitric acid is used 
to manufacture nitrogenous fertilizer [1].  Concentrated nitric acid used in different industries like 
explosives, dyes, drugs, acrylic fiber, recovery of uranium and pharmaceuticals. Dilute nitric 
acid is also used for different purposes like refining of silver/gold, manufacturing of pesticides, 
pigments and fertilizers [1]. 
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Other applications include use as a chemical in metallurgy (e.g., as an etchant pickling agent for 
stainless steel) and in rocket fuel production. Worldwide production of nitric acid in 1987 was 
26.882*106 tons. 

Production figures for nitric acid in 1987 follow (106 t) [3]. 

Europe, total 16.472 

United States 6.553 

Eastern Europe 4.289 

Asia 1.544 

Federal Republic of Germany 2.112 

Poland 2.136 

Belgium 1.470 

Spain (1986) 1.249 

Italy 1.195 

Hungary 1.018 
 

 

In Pakistan demand for nitric acid is more than capacity. Pak Arab fertilizer (PVT) limited and 
Wah ordinance factory are two main plants in Pakistan which produce nitric acid [1].  

4.1.2 Materials and Methods 
Ammonia is converted to nitric acid in two stages. First it is oxidized to form nitric oxide; nitric 
oxide is again oxidized to yield nitrogen dioxide. In stage two, this gas is absorbed by water, 
yield nitric acid [1]. Here is the description of the process with Chemcad flow diagram, see Figures 
1 and 2. 

All the reactors used in this Chemcad model are Equilibrium reactors because in all reactions 
conversion factors are known. This process starts with vaporization of ammonia (equipment 4) 
the ammonia vaporizer receives 419.52 kmol liquid ammonia at -15oC and vaporizes it at 35oC 
using warm water. Steam is then used to super heat the ammonia vapour in ammonia super 
heater (equipment 5) from 35oC to 177oC. Air is compressed (equipment 1) to a required 
pressure of 6.1 bars. Air leaving the compressor is fed to the reactor. Now ammonia vapours at 
177oC is mixed with preheated air at 262oC (equipment 3). Ratio of air and ammonia (89.5:10.5) 
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are maintained in the rector. This mixture passes through the reactor containing platinum / 
rhodium as a catalyst (equipment 6) two reactions take place in the reactor at 890oC. These 
reactions are highly exothermic. 

                                          4NH3 + 5O2 àààà 4NO + 6H2O (99 % conversion, Exothermic reaction) 

                                          4NH3 + 3O2 àààà 2N2 + 6H2O   (Exothermic reaction) 

 

The reaction gas flows through a series of heat exchangers for recovery of energy. The steam 
production sections are steam super heater and waste heat boiler. These are designed to lower the 
reaction gas temperature. Oxidation continues as the reaction gases cool, as a result nitrogen 
oxide converts into nitrogen dioxide. 5% nitrogen monoxide reacts with oxygen to form nitrogen 
dioxide in super heater section (equipment 8). 

                                                      NO + 0.5 O2 àààà NO2 (Exothermic reaction) 

Reaction gases from the steam super heater enter the waste-heat boiler at 596°C (equipment 9). 
Temperature of the gas mixture falls during reaction in waste heat boiler. Exit temperature is 
280oC. 15% of the nitrogen oxide is converted into nitrogen dioxide and 3% of this nitrogen 
dioxide reacts to form nitrogen tetroxide [1]. 

                                                    NO + 0.5 O2àààà NO2 

                                                        2NO2           àààà  N2O4 

Reaction gases enter the platinum filter (equipment10). It is simply a gold/palladium alloy net 
that traps platinum from the reactor catalyst gauze as it is carried in the reaction gases. There is 
no heat transfer in this section but reaction does proceed and temperature increased. 3% 
oxidation of nitrogen mono oxide to nitrogen dioxide and 0.4% nitrogen dioxide oxidizes to 
nitrogen tetroxide. 

This gas mixture enters in the tail gas preheater (equipment 11) it uses sensible heat to preheat 
the tail gas. The oxidation reaction also occurs inside the tail gas pre heater. 25% of the 
remaining nitrogen monoxide forms nitrogen dioxide and 7% of the nitrogen dioxide forms 
nitrogen tetroxide [1].  

Further condenser (equipment 12) cools the reaction gases; water condenses with some nitric 
acid. The design concentration for the nitric acid produced from condenser is 42% by weight. 

The reaction gas mixture leaving the condenser enters the Mixer (equipment 13). Here it mixes 
with the secondary air stream. After mixing, reaction gas mixture enters the oxidation unit 
(equipment 14). This additional oxygen enables rapid oxidation of most of the remaining 
nitrogen monoxide. 
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At the end all streams enter into absorber (equipment16). These streams are reaction gases, weak 
acid and make up water. Make up water supplied at 7oC from pump (equipment 15). The reaction 
gas mixture entering the absorber is 95% oxidized to nitrogen peroxide and 27% dimerized. It 
gives the acid at the bottom of the absorber.  

3 NO2 + H2O àààà 2HNO3 + NO (Exothermic reaction) 

This process produces acid up to 70% concentration, with higher concentration acid produced by 
distilling the dilute acid with a dehydrating agent. With the help of catalyst, the concentration of 
nitric acid can be raised up to 99-99.8% with large production with the operation at lower 
pressure [1]. 
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4.1.3 Detailed process design on Chemcad 

 

Fig.1: Chemcad designing of Nitric acid production. 
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Fig.2: Chemcad designing of Nitric acid production. 
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4.1.4 Results and discussion 
Nitric acid industry calculations on Chemcad are a very good example of Chemcad work. 
Compositions of products, material balances and energy balances are compared with Salman [1]. 
Almost in all chemical reactions of the process conversion factors are known, so equilibrium 
reactor is used in designing. In different reactors there is more than one reaction and equilibrium 
reactor can be designed for this purpose as in (equipment 6).  Theoretical thesis work is 
compared with Chemcad results, see Table 1. 

Table 1: Important parameters comparison  

 Salman [1] Chemcad calculations 

Temperature after compressor 
(equipment 1) and reactor 
(equipment 6) 

523K(250 oC), 918K(645oC) 567K(294 oC), 1163K(890 oC) 

Amount of water after cooler 
(equipment 12) 

7.85 kmole/h 631 kmole/h 

Amount of Nitric Acid 396 kmole/h 308 kmole/h 

 

Amount of the reactants, compositions of the reactant streams and all temperatures of the 
reactant streams in the chemcad are the same as in the calculations by Salman [1] because these 
all are known. According to Salman [1] compressor (equipment 1) splits the air into two streams 
primary and secondary air but it is not possible to use  a compressor in Chemcad which divide 
the air into two streams so primary and secondary air used separately in chemcad calculations. 
Oxidation unit (equipment 14) uses secondary air by separate source. Outlet temperature of 
compressor (equipment 1) is 567k which is not largely different from to Salman [1] calculations 
i.e. 523k. This difference can be ignored. According to Salman [1] reactor (equipment 6) feed 
temperature is 240oc but on chemcad it is 252oc. it is a small difference which is negligible. 
According to Salman [1] Reactor (equipment 6) outlet temperature should be 645oc but on 
chemcad it is 890oc. This difference is covered by installing a heat exchanger (equipment 7) 
between reactors (equipment 6) and steam super heater (equipment 8). All the water not 
condensed in Chemcad at cooler section (equipment 12) but Salman [1] calculations shows that 
almost all the water is condensed in cooler section. Reason is that in Chemcad calculations 
condensation of all water is not possible in cooler section (equipment 12) because by giving high 
conversion factor negative flow occurs so to avoid the negative flow conversion factor is low in 
the cooler section. So there is low production of nitric acid after cooler section (equipment 12). 
Absorber (equipment 16) is converged and separates the nitrogen dioxide and water which 
finally give nitric acid. Nitric acid production is low as compare to Salman [1] due to less 
production after condensation. 
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4.1.5 Conclusion 
Nitric acid industry designing on Chemcad is a very good example for understanding the 
different equipment designing. The use of equilibrium reactor facilitates the Chemcad work in 
this example because all the conversion factors are known. One problem of this Chemcad model 
is that all the water not condensed due to negative flow in cooler section. In absorber it is not 
possible to carry on chemical reaction it just separate the streams. 

4.2 Production of Sodium carbonate by Solvay process: (750 ton/day or 31250 
kg/hr) 

4.2.1 Introduction 
Sodium carbonate (Soda ash or washing soda) is a sodium salt of carbonic acid. It is one of the 
most important raw materials used in the chemical industry [4]. About 70% of world production, 
sodium carbonate is derived from synthetic process and 30% is recovered from natural trona 
deposits and surface brines. Commercial soda ash is highly purified and is sold in various grades 
[5]. Sodium carbonate is domestically well known for its everyday use as a water softener. 

Different processes are used for the production of Sodium carbonate; these processes are [5] 

a. Solvay process or Ammonia-soda process 
b. Le Blanc Process 
c. Trona purification process 
d. Dual process 

Ernest Solvay developed a method to convert sodium chloride to sodium carbonate using 
ammonia; Solvay process recycles its ammonia, consumes only brine and limestone and has 
calcium chloride as waste product. This made it substantially more economical than other 
processes. By 1900, 90% of sodium carbonate was produced by the Solvay process [5]. Solvay 
process is the major industrial process for the production of sodium carbonate in Pakistan 
because of some advantages like this process needing less electric power, less corrosion 
problems and no formation of co- products. Also low grade brine can be used and there is no 
need for ammonia plant investment [5]. 

Leblanc process is now of only historical interest. It is based on the following reactions, 

                                                 2NaCl+H2SO4   àààà       Na2SO4+2HCl (Exothermic reaction) 

                                                 4C+NaSO4           àààà        NaS+4CO 

                                                  Na2S+CaCO3    àààà       Na2CO3+CaS 

Leblanc sodium carbonate production declined because of competition from the more 
economical Solvay process which gives higher quality product. Disadvantages of the LeBlanc 
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process compared to the Solvay process are atmospheric and water pollution due to Calcium 
sulfide and also this process consumes large amount of energy due to solid phase reaction [4].  

Trona purification process has great significance in the United States since World War II. The 
raw material is either a naturally occurring brine containing sodium carbonate (e.g. from Searles 
Lake in California) or a trona deposit (e.g. from the Green River region of Wyoming) [4]. In this 
process sodium carbonate brines are pumped from the lake and treated with carbon dioxide gas 
to precipitate sodium bicarbonate which is filtered, washed and calcined to form sodium 
carbonate. Production from trona accounts for the vast majority of current capacity. The United 
States has the world’s largest deposit of trona [6]. 

Dual process produced Ammonium chloride as a byproduct and does not recycle ammonia as in 
Solvay process. This process has many advantages over the Solvay process because it uses low 
raw materials and there are no effluent problems [5]. This process is very important in Japan 
because ammonium chloride is used as a fertilizer in Japan. In dual process ammonia is absorbed 
by the bicarbonate mother liquor and solid sodium chloride is added. On cooling, ammonium 
chloride is separated and dried in rotary dryers with air. The mother liquor is recycled to the 
carbonation tower where sodium bicarbonate is precipitated which is calcined to form sodium 
carbonate [5].  

Sodium carbonate has a large use in industrial area. The major use of sodium carbonate is in the 
manufacturing of glass [6]. Dry laundry detergent typically contains 20% to 80% sodium 
carbonate. It is used in water treatment because it controls the pH level of water and provides 
sodium ions for softening the water. It has also major role in pulping of wood fiber. Sodium 
carbonate is also used in different industries like mineral processing in mining, soap production, 
metal refining, textile processing and petrol refining [5]. 

 4.2.2 Materials and Methods 
Here is the description of the process with Chemcad flow diagram, see Figure 3. Solvay process 
raw materials are sodium chloride (NaCl), lime stone (CaCO3) and ammonia (NH3). First stage 
of Solvay process is to allow brine solution to mix with ammonia as in (mixer 1) and pass 
through ammonia absorber (equipment 3) to dissolve ammonia. Equilibrium reactor is used as an 
ammonia absorber because conversion factor is known. Temperature of input brine and incoming 
ammonia are 30oC and 60 oC respectively. At this stage 99% absorption of ammonia occurred. 
After ammonia absorber output stream is divided into two streams in separator (separator 3). One 
stream is the water which is fed to mixer (mixer 4), and second stream is sodium chloride and 
ammonium hydroxide which is also fed to another mixer (mixer 3). In the lime kiln section 
(equipment 1) carbon dioxide is produced by the thermal decomposition of lime stone. The 
reaction temperature is 1100oC in the lime kiln. Again Equilibrium reactor is used as a lime kiln 
because conversion factor is known. Following reactions are taking place in this section, 

                                         CaCO3  àààà  CaO + CO2   (80% conversion, endothermic reaction)  
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                                         C + O2   àààà   CO2              (90% conversion, exothermic reaction) 

Output stream from lime kiln contains calcium oxide (CaO), Carbon dioxide and unreacted lime 
stone. This stream feeds to separator (separator 1) which gives two streams, Carbon dioxide is 
fed to the mixer (mixer 2) and calcium oxide and unreacted lime stone is fed to another separator 
( separator 2), which separate the calcium oxide and lime stone. Calcium oxide is fed to mixer 
(mixer 4) and lime stone is recycled back to lime kiln (equipment 1). Now the mixture of 
calcium oxide and water from mixer (mixer 4) is fed to slaker (equipment 2). Here Gibbs reactor 
is used as a Slaker because conversion factor is not known and it adjusts the conversion by itself 
according to equilibrium concentrations of the compounds.  Reaction temperature is 100 oC. 

                                      CaO + H2O  àààà  Ca (OH) 2       (Exothermic reaction) 

Slaker product is calcium hydroxide which is fed to the mixer (mixer 5) and remaining water is 
recycled back to mixer (mixer 1). Now the mixture of ammonium hydroxide, sodium chloride 
and carbon dioxide from mixer (mixer 3) is fed to the carbonating tower (equipment 4) where the 
following reaction takes place, reaction temperature is 60 oC.  

        NaCl + NH4OH + CO2  àààà  NH4Cl + NaHCO3    (75% conversion, exothermic reaction) 

Equilibrium reactor is used as a carbonating tower. This output stream is feed to separator 
(separator 5), from where ammonium chloride and sodium bicarbonate are allowed to pass 
through another separator (separator 7) and remaining unreacted ammonium hydroxide and other 
compounds are fed to another separator (separator 6). Separator (separator 7) separates the 
ammonium chloride and sends it to mixer (mixer 5) and sodium bicarbonate and sends it to 
calciner (equipment 6). Now separator (separator 6) separates the ammonium hydroxide and fed 
to mixer (mixer 6). Now the product from the two mixers (mixer 5 and mixer 6) is fed to the 
ammonia distiller where the following reactions take place, reaction temperature is 75oC. 

                        2NH4Cl+ Ca (OH) 2  àààà  2NH3+ CaCl2 + 2H2O (98% conversion, Endothermic 
reaction)                               NH4OH  àààà 2NH3 + H2O 

 Equilibrium reactor gives better results for ammonia recovery. In separator (separator 9) the 
ammonia is recycled back into the process to form ammoniated brine and calcium chloride is 
formed as a by-product of the Solvay process. 

Sodium bicarbonate is heated in rotary furnace called Calciner (equipment 6) at 200oC to give 
final product sodium carbonate and carbon dioxide. Carbon dioxide is recirculated to mixer 
(mixer 2) [5]. 

                                       2NaHCO3  àààà  Na2CO3+ CO2 + H2O (Endothermic reaction) 
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4.2.3 Detailed process design on Chemcad 

 

 

Fig.3: Chemcad designing of Solvay process. 
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4.2.4 Results and discussion 
Sodium carbonate industry calculations are very good example of Chemcad work because in this 
flow diagram two different reactors Equilibrium reactor and Gibbs reactor are designed. In the 
case when conversion factor of the chemical reaction is not known, Gibbs reactor is used because 
it adjusts the conversion by itself according to equilibrium concentrations of the compounds. 
Compositions of products, material balances and energy balances are compared with Khan [5].  
Theoretical thesis work is compared with Chemcad results, see Table 2. 

Table 2: Important parameters comparison  

 Khan [5] Chemcad calculations 

Amount of recycled ammonia after 
ammonia distiller (Equilibrium 
reactor, Conversion 98%, equipment 
5) 

 18193.2 kg/h 18011 kg/h 

Amount of Sodium bicarbonate after 
carbonating tower (Equilibrium 
reactor, 75% conversion, equipment 
4) 

49580 kg/h 49528 kg/h 

Amount of Sodium bicarbonate after 
calciner (equipment 6) 

31250kg/h 
(750 ton/day) 

30964 kg/h  

(743 ton/day) 

Temperature values are almost same or negligible differences found when 
compare the Chemcad calculations with Khan [5]. 

 

Sodium carbonate Chemcad calculations have small differences with calculations by Khan [5]. 
But Chemcad model has one difficulty with recycling streams. It is not possible to connect 
directly the recycled streams with the feed reactors because the calculations involving recycled 
streams do not converge. As after separator (separator 9) recycled ammonia is not directly 
connected with feed ammonia in mixer (mixer 1). For carbon dioxide after separator (separator 
8) is also not possible to connect with feed carbon dioxide of mixer (mixer 2). In Chemcad 
model mixer (mixer 4) uses the exit stream of water of separator (separator 3) but different feed 
stream for water is used in Khan [5]. But material balance for water is the same for both 
calculations. Production of Sodium carbonate is lower in Chemcad calculation as compare to the 
production of Khan [5] as shown in table 2 above. It is due to the lower production of sodium 
bicarbonate in carbonating tower of Chemcad. 
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4.2.5 Conclusion 
Sodium carbonate industry designing using Chemcad is a very good example due to the use of 
two chemical reactors Equilibrium reactor and Gibbs reactor. Gibbs reactor gives very good 
results, which are reflected by production of sodium carbonate according to the model being 
close to literature data. Use of different mixers and separators makes this model easy to 
understand. One drawback of this Chemcad model is that it cannot converge the recycled 
streams. 

44..33  PPrroodduuccttiioonn  ooff  HHyyddrrooggeenn  bbyy the Steam Reforming of Natural Gas: (3076 
lbmole/hr) 

4.3.1 Introduction 
Hydrogen is the most abundant element in the universe. 70-80 wt% of the universe consists of 
hydrogen. More than 50 wt% of the sun consists of hydrogen [8].In the upper atmosphere 
hydrogen is present at extremely low level. Hydrogen molecules exist in two forms, ortho 
hydrogen and Para hydrogen depending on nuclear spins of the atoms. Many physical and 
thermodynamics properties of hydrogen depend upon the nuclear spin orientation but chemical 
properties of both forms are same [7]. Hydrocarbons are the main source for the production of 
hydrogen on industrial scale. 

Different processes are used for the production of hydrogen, some main industrial process are 
listed here [7]  

a.  Production of hydrogen by the steam reforming of natural gas 
b. Production of hydrogen by Electrolysis of water 
c. Production of hydrogen by reforming of naphtha 
d. Partial oxidation, a reaction of hydrocarbons with oxygen to produce hydrogen and carbon 

monoxide 
e. Coke, steam and air reaction 

Production of hydrogen by steam reforming of natural gas is the most economical and simplest 
method. Due to low capital investment 90% of world hydrogen is produced by this method. 
Efficiency of this process is about 65% to 75% and environmentally friendly process because 
CO2 produced in this process is not released in the air; it is further used in the urea production 
plant [7].  

Production of hydrogen by electrolysis of water is very expensive method due to the use of 
expensive electrodes. High capital cost is required. This process cannot be used at commercial 
scale. In the world only 0.1% hydrogen is produced by this method [7]. 

Production of hydrogen by steam reforming of naphtha can be processed in the same plant as for 
natural gas but naphtha operation requires 1.8% more capital investment than the natural gas 
reforming. It is also an expensive method because naphtha is expensive raw material [7]. 
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Partial oxidation process also requires more capital investment than steam reforming because of 
an air separator plant, larger shift conversion, CO2 removal and gas clean up is needed. It 
requires 95% to 99% pure oxygen which increases the capital investment and operational cost. 
This production method has low efficiency than steam reforming method [7]. 

Production of hydrogen by coke, steam and air reaction can only be possible if high quality and 
pure coal is available. In Pakistan large amount of coal is available but it is not of high purity. it 
is very expensive to make the coal pure from impurities [7]. 

In Pakistan natural gas is abundantly available at cheaper rate so my selected process for the 
production of hydrogen is steam reforming of natural gas. 

Hydrogen is an important raw material for chemical and petroleum industries. It takes part in 
reactions either by addition (hydrogenation) or by means of its reduction potential [8]. 

Largest use of hydrogen is in the production of ammonia. In Pakistan many industries produces 
hydrogen for ammonia production. Hydrogen also used in petroleum refining processes like 
hydro cracking and hydrodesulphurization processes. Methanol production requires large amount 
of hydrogen. Large amount of hydrogen is used in catalytic hydrogenation of vegetables oils.  

4.3.2 Materials and Methods 
Here is the description of the process with Chemcad flow diagram, see Figures 4 and 5. Two flow 
sheets are designed using Equilibrium reactor and Gibbs reactor. Raw materials for the production of 
hydrogen are natural gas and steam. Natural gas is purified in the desulphurization unit 
(equipment 1) to remove the sulphur contents which are poison for process catalyst. Natural gas 
enters the Desulphurizer (equipment 1) at 38oC and 40kg/cm2. Water is heated to convert it into 
steam in fired heater (fired heater 1). This steam is available at 370 oC. Now the natural gas from 
desulphurizer (equipment 1) and steam from fired heater (fired heater 1) are mixed in the mixer 
(mixer1). This mixture is allow to pass through reformer (equipment2) where reforming reaction 
occurs at 520oC and methane is converted into carbon monoxide, carbon dioxide and hydrogen 
gas.  

                                                           
                                                 CH4 + H2O àààà H2 + CO +CO2 (Exothermic reaction) 
 

The out let gases from the reformer are at temperature of 870oC. Reformer gases are cooled to 
354oC in a heat exchanger (heat exchanger 3) and allow passing through HTSC (equipment 3) 
where carbon monoxide is converted into carbon dioxide and hydrogen according to following 
reaction 
 
                                                   CO + H2O àààà CO2 + H2 
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The out let gases from the HTSC are at temperature of 423 oC. These gases are cooled down to 
212oC in a heat exchanger (heat exchanger 4) and sent to LTSC (equipment 4) where the 
remaining carbon monoxide is converted to carbon dioxide and hydrogen according to the 
previous reaction. 
The out let gases from the LTSC (equipment 4) have the product hydrogen gas and carbon 
dioxide. For the removal of carbon dioxide from the product hydrogen gas, mixture is allowed to 
pass through CO2 absorber (equipment 5) where mono ethanol amine is used for the absorption 
of CO2. Mixture of gases is feed from the bottom of absorber and (MEA) is used from the upper 
part of the absorber. The CO2 rich solution from the bottom of the absorber is flashed out and 
hydrogen gas comes out from the upper part of the CO2 absorber. CO2 is separated from MEA 
solution and further used in urea production plant.  
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4.3.3 Detailed process design on Chemcad: 

 

Fig.4: Chemcad designing of Hydrogen production process using Equilibrium Reactors. 
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Fig.5: Chemcad designing of Hydrogen production process using Gibbs Reactors. 
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4.3.4 Results and discussion 
Compositions of products, material balances and energy balances are compared with Nazir [7]. 
Hydrogen production process is designed on Chemcad in two different ways. Equilibrium 
reactors are used in the first process (Figure 4) while Gibbs reactors used in the other one (Figure 
5). Both processes are compared with Nazir [7].  Theoretical thesis work is compared with 
Chemcad results, see Table 3. 

Table 3: Important parameters comparison  

 Nazir [7] Chemcad calculations 
With Equilibrium 

reactors 

Chemcad calculations 
With Gibbs reactors 

Conversion in 
Reformer (equipment 

2) 

100% 100% 75% 

Conversion in HTSC 
(equipment 3) 

77.5% 77.5% 74% 

Conversion in LTSC 
(equipment 4) 

86.4% 86.4% 93% 

Amount of hydrogen 
after LTSC 
(equipment 4) 
(lbmole/hr) 

3065 3065 2318 

Production of 
Hydrogen Gas after 
CO2 absorber 
(equipment 5) 
(lbmole/hr) 

3065 lbmole/hr 2945 lbmole/hr 2204 lbmole/hr 

Temperature values are almost same in both cases when compare the Chemcad calculations with 
Nazir [7]. 
 

Hydrogen production Chemcad calculations with Equilibrium reactors have small difference 
with calculations by Nazir [7]. Hydrogen production after LTSC (equipment 4) is the same as in 
the Nazir [7] but after CO2 absorber (equipment 5) small difference in hydrogen production due to 
small loss of hydrogen in bottom stream of CO2 absorber (equipment 5). ZnO bed is used in 
desulphurizer unit to remove sulphur contents in Nazir [7] calculations but it is not possible to use 
ZnO bed in Chemcad software. Equilibrium reactors give the same conversion factors as in Nazir 
[7] in every equipment; due to the same conversion factors agreed results with equilibrium 
reactors are obtained. But in other case, Gibbs reactors adjust the conversion factors by itself. 
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Gibbs reactors give small conversion factors due to which lower hydrogen production is obtained 
as shown in Table 3. 

 

4.3.5 Conclusion 
Hydrogen production industry designing is also very good example of Chemcad work. By the 
use of two reactors in two different flow diagrams, it is seen that Equilibrium reactors give very 
good results of the hydrogen production as compare to Gibbs reactors. In the case when 
conversion factors are known and more than one chemical reaction is involved Equilibrium 
reactor is used and in the case when conversion factor of the chemical reaction is not known, 
Gibbs reactor is used because it adjusts the conversion by itself according to equilibrium 
concentrations of the compounds. CO2 absorber (equipment 5) is properly converged. 

44..44  PPrroodduuccttiioonn  ooff  SSuullpphhuurriicc  AAcciidd  bbyy  tthhee  CCoonnttaacctt  PPrroocceessss::  ((4411666677  KKgg//hhrr))  

4.4.1 Introduction 
Sulphuric acid consumption is used as an indicator of the general state of a nation’s economy. It 
is most fundamentally important because it has a number of uses not only within the chemical 
industry but also in other industries as well. Sulphuric acid is manufactured from sulphur dioxide 
[10]. The production of suphuric acid has become reliable barometer of industrial activity in the 
world. Its universal use has made it indispensable. Sulphuric acid has been an important 
chemical of commerce for at least 250 years [12]. 

Different processes are used for the production of suphuric acid, some main industrial process 
are listed here   

a. Contact Process 
b. Lead Chamber Process 

In contact process first step is the production of sulphur dioxide then convert the sulphur dioxide 
into sulphur trioxide and finally sulphur trioxide is converted into suphuric acid. Vanadium oxide 
used as catalyst. This process gives good quality acid and of high concentration. Almost all new 
plants uses contact process. 

Lead Chamber process is an old process. It uses nitrogen oxides as oxygen carrying catalyst for 
the conversion of sulphur dioxide to sulphur trioxide. This process produces acid of 
concentration less than 80% [12]. 

Sulphuric acid has a number of industrial uses; it can be used as a dehydrating agent, catalyst, 
active reagent in chemical processes, solvent and absorber. In diluted form suphuric acid is used 
in dyes, explosives and pharmaceutical industry [12]. Dilute suphuric acid is a good electrolyte. 
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Sulphuric acid used in the fertilizer industry. Other important applications of suphuric acid are 
found in petroleum refining, pigment production, steam pickling, detergents, plastics and man-
made fiber [10].  

Concentrated suphuric acid is a weak electrolyte. It has a strong affinity for water so it is used as 
a drying agent. It reacts with the sugar sucrose and removes eleven molecules of water from 
sugar. 

4.4.2 Materials and Methods 
Here is the description of the process with Chemcad flow diagram, see Figure 6. Preparation of 
suphuric acid by contact process is based upon the catalytic oxidation of SO2 to SO3. Raw 
materials for the production of suphuric acid are Sulphur, oxygen, catalyst vanadium oxide and 
suphuric acid for absorption of SO3 in acid. Following steps are involved in the production of 
suphuric acid, 

• Preparation of SO2 
• Oxidation of SO2 
• Absorption of SO3 

All the three reactors used in this flow sheet are Equilibrium reactors. Sulphur dioxide is 
obtained by burning of sulphur in sulphur burner (equipment 1). This burning takes place at 
300o. 

                            S + O2     àààà   SO2        (99% conversion, exothermic reaction) 
Oxidation of SO2 is carried out in catalytic oxidizer (equipment 2) where V2O5 is used as 
catalyst at 450oC. 
                                        SO2 + O2     àààà   SO3      (Exothermic reaction) 
 
Under above conditions 96.5% SO2 is converted into SO3. Now this mixture is allow to pass 
through SO3 absorber (equipment 3) and concentrated suphuric acid also fed from top of the 
absorber for SO3 absorption. Now top stream from absorber is fed to the mixer (mixer 2). This 
stream contains remaining sulphur dioxide, sulphur trioxide and oxygen. Bottom stream of this 
absorber is fed to separator (separator 1) which separates the liquid suphuric acid from sulphur 
dioxide gas and sent it to the mixer (mixer 3). Now top stream of separator (separator 1) is fed to 
mixer (mixer 2) and all mixture is fed to catalytic oxidizer (equipment 4). This oxidizer oxidizes 
the remaining sulphur dioxide to sulphur trioxide. Product stream from oxidizer is fed to the SO3 
absorber (equipment 5), concentrated suphuric acid also fed from top for SO3 absorption. 
Product stream from absorber is fed to another separator (separator2), it separate the suphuric 
acid and sent it to mixer (mixer 3). These both separators separate the component on liquid gas 
separation principle. This mixer gives the product suphuric acid. 
 

SO3 +H2O     àààà   H2SO4 (Exothermic reaction) 
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4.4.3 Detailed process design on Chemcad 

 

Fig.6: Chemcad designing of Sulphuric Acid Production by Contact Process 
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4.4.4 Results and discussion 
Sulphuric acid production from contact process is fully explained on Chemcad designing with 
the use of different reactors, separators and absorption towers. Absorption towers converged 
properly and give satisfactory results. Compositions of products, material balances and energy 
balances are compared with Ahmed [12]. Theoretical thesis work is compared with Chemcad 
results, see Table 4. 

Table 4: Important parameters comparison  

 Ahmed[12] Chemcad calculations 

Production of sulphur dioxide 
after sulphur burner 
(Equipment 1) 

417 kmole/hr 417 kmole/hr 

Production of sulphur trioxide 
after 1st catalytic oxidizer 
(equipment 2) 

403 kmole/hr 403 kmole/hr 

Production of suphuric acid  
after 1st Absorber (equipment 
3) 

245 kmole/hr 233 kmole/hr 

Production of sulphur trioxide 
after 2nd catalytic absorber 

171 kmole/hr 173 kmole/hr 

Production of suphuric acid 
after mixer (mixer 3) 

425 kmole/hr 399 kmole/hr 

Temperature values are almost same in both cases when compare the Chemcad calculations with 
Ahmed [12]. 

 

Sulphuric acid production calculations on Chemcad designing have small difference with Ahmed 
[12]. Production of suphuric acid after 1st absorber (equipment 3) is lower than Ahmed [12] because 
some amount of acid goes with top stream of the absorber. Total production of suphuric acid is 
also lower than Ahmed [12] because some amount of acid also goes to the top stream of 2nd 
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absorber (equipment 5). But overall results are very good and agreed with Ahmed [12]. One 
problem in this Chemcad designing is that catalyst cannot be used or shown in this software. 

4.4.5 Conclusion 
Sulphuric acid industry designing using Chemcad is also very good example due to the use of 
two Absorption towers and Equilibrium reactors. Absorption towers converged properly and give 
very good results, which are reflected by production of suphuric acid according to the model 
being close to literature data. One drawback of this process is that catalyst cannot be used.  

4.5 Production of Sulphur by Claus process: (65 Tons/day or 2708 kg/hr) 

4.5.1 Introduction 
Sulphur has been known since ancient times. The Greeks called it Theion, the Romans 
Sulphurium. Genesis refers to it as brimstone, stone that burns. In Europe, Sulphur gained great 
importance after the Chinese invention of gunpowder was introduced in the early 1200s. It 
became more important in the form of Sulphuric acid and fertilizer [13]. Sulphur is a non metallic 
element; it is the second element of group VI. It is most important raw materials of the chemical 
industry. Its consumption is generally regarded as one of the best measures of an industrial 
development and economic activity [15]. 

Sulphur crystallizes in two forms, the Rhombic and Monoclinic forms. Rhombic Sulphur is 
stable at atmospheric pressure up to 95.5oC and Monoclinic Sulphur is stable up to its melting 
point 114.5 oC. The basic molecular unit for both crystalline forms is the Octatomic sulphur ring. 
Other forms of solid sulphur are hexatomic sulphur and plastic sulphur [15]. 

Different processes are used for the production of sulphur; these processes are  

a. Claus Process 

b. Activated Carbon Process 
c. Iron Oxide Process 

The recovery of elemental sulphur by Claus process is well established technique. This process 
converts a toxic and environmental undesirable component hydrogen sulphide into elemental 
sulphur. This process gives high quality sulphur [15].The use of this process is increasing in the 
world for the purpose of air pollution control  

Activated carbon process takes the advantage of the catalyst action of activated carbon in 
converting the H2S to elemental sulphur. Sulphur deposited on the activated carbon is removed 
and recovered by extraction with an appropriate solvent and carbon is reused until carbon 
particles become excessive [15]. The drawback of this process is that carbon need treatment for 
removal of all material from its surface before reuse. It is an old process and used when small 
amount of sulphur involved [14]. 
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The iron oxide process is one of the oldest processes used for the removal of sulphur from 
industrial gases. This process is still used on large scale for the treatment of coal gases. In this 
process hydrogen sulphide is removed completely by reaction with ferric oxide, resulting in the 
formation of ferric sulphide and the sulphide is oxidized to elemental sulphur and ferric oxide 
which is used to react with additional hydrogen sulphide and this cycle can be repeated several 
times [15]. The drawback of this process is iron reaction give corrosion to construction materials 
and unreacted iron oxide can react exothermically with air and catch fire [14]. 

There are three commercial grades of sulphur [13] 

1. Super bright, maximum organic content 0.02% C, purity 99.5%. 
2. Bright, maximum organic content 0.04% C. 
3. Dark, maximum organic content 0.2% C. 

Elemental sulphur is of great importance. More than 85% of the total world production of 
elemental sulphur is converted to suphuric acid. More than 50% is used for the production of 
fertilizer [13].In elemental form sulphur has the following uses 

a. as a fertilizer 
b. used in cements and insulators 
c. gun powder 
d. In the production of Sulphuric acid    
e. In manufacturing of wood pulp ( Sulfite process) 
f. In insecticides 
g. as bleaching agent 
h. In detergents and dyes 
i. In plant and soil treatment 
j. In sulphur alkali batteries 
k. petroleum catalyst                               

4.5.2 Materials and Methods 
Here is the description of the process with Chemcad flow diagram, see Figure 7. Raw materials 
for the production of sulphur by Claus process are hydrogen sulphide and air. This process 
operates at atmospheric pressure because increased pressure lowers the conversion. Hydrogen 
sulphide gas mixed with the air in mixer (mixer 1) and fed to the furnace. Air contains methane 
gas. After heating the mixture in furnace it is allowed to pass through 1st Equilibrium reactor 
(reactor 1), following reactions takes place in this reactor, 

                                                     H2S+ 3/2O2     àààà   SO2 + H2O     (Exothermic reaction) 

                                                     CH4 + 2O2     àààà CO2 + 2H2O 

                                                      2H2S + SO2   àààà 3/2S2 +2H2O   (Highly exothermic reaction) 
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33% of hydrogen sulphide is converted into sulphur in the 1st Equilibrium reactor. Resulting 
mixture is passed through condenser (condenser 1) where liquid sulphur is separated from the 
bottom of the Condenser and sends it to the mixer (mixer 2). High temperature in the condenser 
facilitates and ensures the separation of liquid sulphur from the mixture. Top stream of 
condenser (condenser 1) which contains unreacted hydrogen sulphide and sulphur dioxide is fed 
to the 2nd Equilibrium reactor (reactor 2) for more conversion of sulphur. Same reaction takes 
place in the 2nd reactor and 45% of the remaining hydrogen sulphide is converted into sulphur, 
which is again separated in condenser (condenser 2) and sends it to mixer (mixer2). Again 
unreacted hydrogen sulphide and sulphur dioxide from top of the condenser is fed to the next 3rd 
Equilibrium reactor (reactor 3) where same reaction occurs and 45% of the remaining hydrogen 
sulphide is converted into sulphur which is separated in the condenser (condenser 3) and sends it 
to the mixer (mixer 2) according to the same principle. Same reaction takes place in the last 4th 
Equilibrium reactor (reactor4) and condenser (condenser4) separates the liquid sulphur and sends 
it to the mixer (mixer 2). Theses all reactors convert the unreacted hydrogen sulphide into 
sulphur step by step. Mixer (mixer 2) collects all the liquid sulphur from different reactors and 
gives the product stream. 
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4.5.3 Detailed process design on Chemcad 

Fig.7: Chemcad designing of Sulphur Production by Claus Process: 
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4.5.4 Results and discussion 
Sulphur production from Claus process is fully explained on Chemcad designing with the use of 
different reactors, heat exchangers and condensers. Condensers converged properly and give 
satisfactory results. Compositions of products, material balances and energy balances are 
compared with Waseem [15].  Theoretical thesis work is compared with Chemcad results, see 
Table 5. 

Table 5: Important parameters comparison  

 Waseem[15] 
(kg/h) 

Chemcad calculations 
(kg/h) 

Amount of sulphur and 
unreacted hydrogen sulphide 
after Condenser (condenser 1) 

407, 1314 1251, 1094 

Amount of sulphur and 
unreacted hydrogen sulphide 
after Condenser (condenser 2) 

609, 496 695, 601 

Amount of sulphur and 
unreacted hydrogen sulphide 
after Condenser (condenser 3) 

271, 145 382, 331 

Total produced sulphur after 
mixer (mixer 2) 

2708 2539 

Temperature values are almost same in both cases when compare the Chemcad calculations with 
Waseem [15]. 
Atmospheric pressure is used in all the equipment. 
 

There is some error in the Waseem [15] thesis material balance because there is small difference in 
the production of sulphur as shown in Table 5. In start of material balance of Waseem [15] it is 
written that total production of sulphur is 2708 kg/hr but during material balance there are 
variations of the results at every equipment as shown in Table 5. The main and clear error is after 
condenser (condenser 1) where huge difference in sulphur production is seen. But when the end 
product result of Waseem [15] is compared with Chemcad calculations there is small difference in 
results which can be negligible. According to my previous experience I can say that there is error 
in bachelor thesis calculation but Chemcad results are acceptable. 

4.5.5 Conclusion 
Sulphur industry designing using Chemcad is also an excellent process description because in 
this case Chemcad results are more reliable as compare to Waseem [15] because it has some errors 
in the hand calculations. But Condensers properly converged and give good results using 
Chemcad, Which are reflected by production of sulphur according to the Chemcad model. 
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5. Overall Conclusion: 
Modeling of chemical engineering processes on flow sheets using Chemcad software is very 
creative and professional. Chemcad software enhances the ability of an engineer and engineering 
work. It save the time of calculation and also reduces the costs and capital expenditures by 
optimizing the processes and equipments. These five industries designing using Chemcad are 
very good descriptions due to the use of different equipments. Chemcad work gives very 
excellent results when compare with literature data. In all cases material and energy balances are 
compared with literature data. All the temperatures and pressures values are compared. Mostly in 
all cases material balances are the same as in bachelor thesis. 
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8. Appendix: 
For the Production of HNO3: 

Comparison between exit streams compositions 

Exit Stream Compositions at reactor (equipment 6) 

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 2782 2782 

Oxygen 222 223 

Water 698 696 

Nitrogen 
Oxide 

399 398 

Total 4100 4099 

 

Exit Stream Compositions at steam super heater (equipment 8)                   

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 2782 2782 

Oxygen 212 213 

Water 698 696 

NO 379 378 

 

NO2 20 20 

Total 4090 4089 
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Exit Stream Compositions at waste heat boiler (equipment 9) 

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 2782 2782 

Oxygen 184 185 

Water 698 696 

NO2 74 74 

N2O4 1.2 1 

Total 4061 4060 

 

Exit Stream Compositions at platinum filter (equipment 10) 

 

 

 

 

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 2782 2782 

Oxygen 179 180 

Water 698 696 

NO 312 312 

 

NO2 84 84 

N2O4 1.3 1.3 

Total 4056 4055 
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Exit Stream Compositions at tail gas preheater (equipment 11) 

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 2782 2782 

Oxygen 140 141 

Water 698 696 

NO 234 233 

 

NO2 150 150 

N2O4 6.98 6.97 

Total 4011 4010 

 

Exit Stream Compositions at cooler (equipment 12) 

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 2782 2782 

Oxygen 25 25 

Water 7.9 631 

NO 66 67 

 

NO2 159 160 

N2O4 19.9 20 

Total 3060 3816 
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Exit Stream Compositions at oxidation unit (equipment 14) 

Components Salman [1] 

(Kmole/h) 

Chemcad 

(Kmole/h) 

Nitrogen 3360 3360 

Oxygen 151 145 

Water 22 645 

NO 11 1 

 

NO2 218 267 

N2O4 16.3 20 

Total 3779 4549 

        

For the Production ofNa2CO3: 

Comparison between exit streams compositions 

Exit Stream Compositions at Lime kiln (equipment 1) 

Components Khan [1] 
(kg/h) 

Chemcad 
(kg/h) 

Calcium 
carbonate 
(CaCO3) 

7370 7370 

Calcium 
oxide (CaO) 

16509 16517 

Carbon 
Dioxide 
(CO2) 

22253 22246 



Master Thesis Page 45 
 

 

 

Exit Stream Compositions at Slaker (equipment 2)  
     
Components Khan [1] 

(kg/h) 
Chemcad 
(kg/h) 

Calcium 
oxide 

(Ca(OH)2) 

21824 21816 

Water 
(H2O) 

5306 5306 

Total 27122 27130 
 
 
Exit Stream Compositions at Ammonia absorber (equipment 3)  
 
Components Khan [1] 

(kg/h) 
Chemcad 
(kg/h) 

Sodium 
chloride 
(NaCl) 

45990 45990 

Water 
(H2O) 

117429 117448 

Ammonia 
(NH3) 

183 183 

Ammonium 
hydroxide 
(NH4OH) 

37456 37437 

Inerts 18345 18345 

Total 219406 219405 

 
 

Nitrogen 24687 24687 

Carbon 1031 278 

Oxygen     
(O2) 

0 750 

Total 71851 71850 
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Exit Stream Compositions at Carbonating tower (equipment 4)  
 
Components Khan [1] 

(kg/h) 
Chemcad 
(kg/h) 

Ammonium 
chloride 
(NH4Cl) 

31544 31569 

Sodium 
bicarbonate 

49528 49580 

Sodium 
chloride 
(NaCl) 

11497 11497 

Ammonium 
hydroxide 
(NH4OH) 

16819 16753 

Carbon 
Dioxide 
(CO2) 

8647 8617 

Total 118038 118203 

 
Exit Stream Compositions at Ammonia distiller (equipment 5)  
 
Components Khan [1] 

(kg/h) 
Chemcad 
(kg/h) 

Ammonia 
(NH3) 

18193 18011 

Calcium 
chloride 
(CaCl2) 

32724 32423 

Water 
(H2O) 

19263 19051 

Total 70180 69485 

 
Exit Stream Compositions at Calciner (equipment 6) 
 
Components Khan [1] 

(kg/h) 
Chemcad 
(kg/h) 

Sodium 
carbonate 

31250 30964 



Master Thesis Page 47 
 

(Na2CO3) 
Water 
(H2O) 

5306 5262 

Carbon 
Dioxide 
(CO2) 

12971 12857 

Total 49528 49083 

 
For the Production of Hydrogen: 

Comparison between exit streams compositions 

Exit Stream Compositions at Desulphurizer (equipment 1) 

Components Nazir [7] 

(lbmole/hr) 
Chemcad 
calculations 

With Equilibrium 
reactors 
(lbmole/hr) 

Chemcad 
calculations 
With Gibbs 
reactors 
(lbmole/hr) 

CH4 769 769 769 
CO2 0.1624 0.1624 0.1624 
N2 31 31 31 
Ar 11 11 11 
H2S 0 0.0013 0.0013 
H2O 0.00406 0.0013 0.0013 

 

Exit Stream Compositions at Reformer (equipment 2) 

Components Nazir [7] 

(lbmole/hr) 
Chemcad 
calculations 

With Equilibrium 
reactors 
(lbmole/hr) 

Chemcad 
calculations 
With Gibbs 
reactors 
(lbmole/hr) 

H2 2692 2692 1969 
CO2 384 384 225 
N2 31 31 31 
Ar 11 11 11 
H2O 1153 1153 1500 
CO 384 384 355 
CH4 0 0 187 
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Exit Stream Compositions at HTSC (equipment 3) 

Components Nazir [7] 

(lbmole/hr) 
Chemcad 
calculations 

With Equilibrium 
reactors 
(lbmole/hr) 

Chemcad 
calculations 
With Gibbs 
reactors 
(lbmole/hr) 

H2 2990 2990 2232 
CO2 682 682 488 
N2 31 31  
Ar 11 11 11 
CO 86 86 92 
CH4 0 0 187 

Exit Stream Compositions at LTSC (equipment 4) 

Components Nazir [7] 

(lbmole/hr) 
Chemcad 
calculations 

With Equilibrium 
reactors 
(lbmole/hr) 

Chemcad 
calculations 
With Gibbs 
reactors 
(lbmole/hr) 

H2 3065 3065 2318 
CO2 757 757 574 
N2 31 31 31 
Ar 11 11 11 
CO 11 11 7 
CH4 0 0 187 

 

Exit Stream Compositions at CO2 Absorber (equipment 5) 

Components Nazir [7] 

(lbmole/hr) 
Chemcad 
calculations 

With Equilibrium 
reactors 
(lbmole/hr) 

Chemcad 
calculations 
With Gibbs 
reactors 
(lbmole/hr) 

H2 3065 2945 2203 
CO2 37 48 18 
N2 31 31 31 
Ar 11 11 11 
CO 11 11 6 
CH4 0 0 172 

 

 



Master Thesis Page 49 
 

 

For the Production of Sulphuric Acid: 

Comparison between exit streams compositions 

Exit Stream Compositions at Sulphur Burner (equipment 1) 

 Ahmed[12]  

(Kmole/hr) 
Chemcad 
calculations 
(Kmole/hr) 

Oxygen 459 459 
Nitrogen 3298 3298 

Sulphur dioxide 417 417 
 

Exit Stream Compositions at 1st Catalytic Oxidizer (equipment 2) 

 Ahmed[12]  

(Kmole/hr) 
Chemcad 
calculations 
(Kmole/hr) 

Oxygen 266 257 
Nitrogen 3298 3298 

Sulphur dioxide 13 14 
Sulphur trioxide 403 402 
 

Exit Stream Compositions at 1st SO3 Absorber (equipment 3) 

 Ahmed[12]  

(Kmole/hr) 
Chemcad 
calculations 
(Kmole/hr) 

Sulphuric Acid 245 233 
Nitrogen 3298 3298 

Sulphur dioxide 13 14 
Sulphur trioxide 158 159 
 

Exit Stream Compositions at 2nd Catalytic Oxidizer (equipment 4) 

 Ahmed[12]  

(Kmole/hr) 
Chemcad 
calculations 
(Kmole/hr) 

Nitrogen 3298 3298 
Sulphur dioxide 0.8 1.5 
Sulphur trioxide 171 172 
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Exit Stream Compositions at 2nd SO3 Absorber (equipment 5) 

 Ahmed[12]  

(Kmole/hr) 
Chemcad 
calculations 
(Kmole/hr) 

Nitrogen 3298 3298 
Sulphur dioxide 0.4 0.6 
Sulphur trioxide 60 63 
Sulphuric Acid 174 164 
 

For the Production of Sulphur: 

Comparison between exit streams compositions 

Exit Stream Compositions at 1st Reactor (reactor 1) 

Components Waseem[15] 
(Kmole/h) 

Chemcad 
calculations 
(Kmole/h) 

H2S 41 32 
SO2 20 16 
CO2 56 56 
H2O 51 61 
N2 168 168 
S2 13 39 

 

Exit Stream Compositions at 2nd Reactor (reactor 2) 

Components Waseem[15] 
(Kmole/h) 

Chemcad 
calculations 
(Kmole/h) 

H2S 15 18 
SO2 7 8 
CO2 56 56 
H2O 77 75 
N2 168 168 
S2 19 21 

 

Exit Stream Compositions at 3rd Reactor (reactor 3) 
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Components Waseem[15] 
(Kmole/h) 

Chemcad 
calculations 
(Kmole/h) 

H2S 5 10 
SO2 1.8 4 
CO2 56 56 
H2O 88 83 
N2 168 168 
S2 8.5 12 

 

 

 

 

Exit Stream Compositions at 4th Reactor (reactor 4) 

Components Waseem[15] 
(Kmole/h) 

Chemcad 
calculations 
(Kmole/h) 

H2S 2 5 
SO2 0.43 2 
CO2 56 56 
H2O 91 87 
N2 168 168 
S2 2 6 
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