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Abstract 

 

In the many refineries there is environmental pollution due to presence of sulfur content 

in the different petroleum product. These sulfur content are reduce by using different 

methods. There is different technique to reduce the sulfur content from petroleum 

product. the of best are Claus process in Claus Process the hydrogen sulphide gas are 

reacted with oxygen at the presence of high pressure and temperature and it form water 

and SO2 gas. There is a method which is used for reduction of sulfur that is incinerator 

procedure that is not friendly method because they are required high temperature and a 

high pressure. The method is released a high amount of SO2 gas that are released to 

atmosphere. In the sour and Sox gases there are presence of ammonia gases and other 

aromatic components. These sour gases that contained some amount of sulfur and 

ammonia are recovery in sulfur recovery unit to get sulfur and steam energy that is used 

for steam generation and this steam are cost effective. The main work on this project and 

topic is to get simulation by using Aspen Plus software and can get a maximum recovery 

of sulfur. I have used Aspen Plus software for simulation of Claus process to get 

maximum efficiency. The result of simulation are shown the completely conversion of 

sour gas and H2S gas into complete elemental sulfur. The purpose of this simulation of 

keep the good environment from Sox gases and H2S gases because these gases are 

damaged the environmental problem. It is also effect on agriculture growth land it is 

reduced the growth of crops. The important work is done by a scientist who has destroy 

the NH3 gases that are produced in Claus process because due to NH3 production it 

caused effect on equipment it has increased the rate of corrosion in the chemical plant. 

In this process 90 lb/hr of oxygen are used as oxidant for removal of sulfur and Waste 

heat boiler are used to generation of pressure steam and production of electricity. The 

behavior of chemical process industry is study by Aspen Plus software. In the Aspen 

Plus there are optimal study of steam generation, oxygen requirement and hydrogen 

yield that are further study in Claus process. It is also consider that the conversion of 

H2S gas is increased by increasing the concentration of oxygen in chemical plant. With 

increasing the concentration of oxygen has cause great effect on sulfur recovery 
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components from 0.8 to 0.94 percent. It is also notices that with increase the 

concentration of oxygen concentration in air are caused decrease the effect of NH3 gas 

that are produced in Claus process. The decreased and reduced the concentration of NH3 

is due to oxidation of different gases like SO2, CO2 gas and N2 gases at the temperature 

of 1300⁰C.it has increase the concentration of Sulfur components and also increase the 

efficiency of Claus process. It has effect on increase the concentration of Carbon 

monoxide gases in the reaction furnace. Now we need to optimize or change the 

parameter of furnace that are causes effect on ammonia destruction and carbon 

monoxide emission. 

Keywords: Sulfur Recovery Unit; Ammonia Destructive  
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CHAPTER 1 

INTRODUCTION 

1. Introduction    

There are different amount of sour gases that are containing different quality of 

impurities like Hydrogen sulphide gas, Ammonia, and carbon dioxide gas and addition 

of other waste materials like nitrogen gas. In the petroleum product there is high quantity 

of sulfur content and other containments that are must be removed for the environmental 

pollution. The elimination of sulfur is important objective in the petroleum product like 

petrol, diesel and LPG ECT. The removal of sulfur is rule of EPA (Environmental 

protection Agency) because it causes environmental pollution. The H2S is found in 

environment is cause bad effect on human skin, Eye and breathing problem. The H2S 

gas is the raw of dangerous gases like SO2, CO2 and NH3 gases. The methane gas is 

main resource of H2S gas. When natural gases are burned in combustion engine it causes 

SO2 gases and CO2 gases. Almost all the refinery in the world is used Claus Process to 

removal of sulfur and many refineries are produce sulfur 10 ton per day. Sulfur is raw 

material of Sulfuric acid [1].  

1.1 Background 

In 1993 Oxygen based modification is used in Claus process there was modification on 

this process (1) Upgrading the existing systems and introduces a new system and (2) To 

reduce the equipment size [2]. Claus process is really a popular engineering for 

retrieving In 1993 Lurgi Company took experiment on Claus.process with.capacity of.10 

ton per day has.efficiency of 99.8 %. According to Iranian petroleum research the 

incinerators process environment for Sulfur. recovery process. Lots of refineries tire out 

several thousand ppm air pollution day after day attributable to transformation for Sulfur 

element to SO2.In 1994 Super Claus catalyst was introduced in which reactor operated at 

low temperature .temperature reduced to 255°C to 200°C and have save utility cost and 

also decrease a tail gas [3].In 1998 Anne Piepeu worked on Sulfur recovery Claus 

process it enhance level.of sulphur recovery.from natural.refinery it worked on 
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mechanism of reaction that occurring in sulfur.recovery.units the reaction between.H2S , 

SO2.and CO2 and side reaction such as a hydrolysis of COS and CS2 and also sulfation 

of catalyst. In 2010 the simulation has been done on MATLAB in which all physical 

condition and chemical character tics have been considers. Amount of enter sulphur 

enter into first bed and assumed to be 159 kmol/hr and also assumed the amount of 

sulfur present in furnace. Therefore sour gases and fuel are converted into H2S gas and 

NH3 gas in the oil refinery. During the gasification of coal they are produced hydrogen 

cyanide, Hydrogen sulfide and ammonia gases are formed. The Claus process consists of 

two parts. The thermal section part and the Catalytic section part. The thermal reactions 

has contains different furnace reactions and WHB. In the reaction furnace one-third parts 

of hydrogen sulfide gas is reacted with sulfur dioxide and water and also Hydrogen 

sulphide gases are reacts with sulfur dioxide gas to formed sulfur and water at 

temperature of 1000°C. Exhaust gases are allowed to cool down at 315°C in waste heat 

boiler to extract thermal energy and sulfur components. Out of the following impurities 

NH3 is one of the most thermal destructive and completely destruction ensure the 

hydrocarbon gases  contaminations that are  including benzene , toluene, ethyl benzene 

& xylene (required temperature above 1050°C) are completely eliminate from furnace. 

The incompletely destruction of ammonia gas in furnace cause ammonia gas  and nitrous 

oxide gas  carryover into catalyst bed in which NH3 is react with SO3 to form 

ammonium salt components. The ammonia salt causes deactivation of catalyst and 

causes pressure drops in the reactor that enhance maintenance cost. The presence of 

nitrous oxide in reactor. Nitrogen and water is product of Claus process. In 1998 Clark et 

al worked on practical experiment study.on ammonia oxidation.in Plug Reactor.at time 

constant of 0.4s to 0.55s and the inlet feed  concentration of oxygen gas and ammonia 

gas are 3% to 4% respectively. The result shown that the temperature between.700 to 

1100°C.the.conversion.of NH3 is reduced to.10% and.while enhance temperature to 

1100°C the conversion of ammonia is moved toward 60% to 100% [4]. In 2001 

Monnery took study and established kinetic.rate expression for.pyrolysis 

and.oxidation.of ammonia gas. It is noted that conversion.of.ammonia through.oxidation 

process is continuously varying from between 1 to 50%. Temperature domain between 

of.850-950°C.and its residence time of.50-750 ms and conversion of.pyrolysis is never 
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exceeding than 20%. In Claus furnace pyrolysis of ammonia reaction.is predictable to 

control for its.destruction.due to.limited amount of.oxygen. The reactions of ammonia 

damage can be increase by the presence of chemical components [5]. In 1998 Clark et al 

took experiments to observe the effect of water and ammonia pyrolysis.at.different 

temperature in furnace.and different residence time. It also observes that the presence of 

sulfur dioxide has increase ammonia pyrolysis. In 2009 Mendiara el al it study 

the.effect.of carbon dioxide on.the.oxidation of ammonia gas during the oxy-

fuel.combustion.of.methane gas in plug flow reactor at temperature range of 773°C to 

1500°C. It also study that high concentration of CO2 has cause negligible effect on 

methane oxidation and it also enhance the formation of nitrous oxide due to rise in 

H/OH ratio and it increased the conversion of ammonia gas under condition [6].In 2003 

Dagaut et al it study effect of nitrous oxide and sulfur dioxide on the oxidation  of 

hydrogen gas  and carbon monoxide mixture components in CSTR reactor at normal 

pressure and have a fixed resistance time and at different temperature from 1127°C to up 

to on [7]. In the Claus furnace there are two section furnace configurations that are 

single section and double section and effect of time constant on feed preheating to 

investigate kinetic model reactions of ammonia pyrolysis is developed by Monnery 

scientist. The furnace double zones furnace have get achieved higher conversion levels 

of ammonia demolition as compared to single section zone furnace because due to pass 

of clean acid gas feed that around the burner into second section zones that help to raise 

temperature in the first section. The simulation result shown that single furnace zone 

could acceptable level of NH3 destruction with using some technique such as inlet feed 

heating again and increase oxygen concentration enrichment that would enhance furnace 

temperature. In 2004 the modification of Claus process to increase a sulfur recovery by 

reduced a cost. This modification is combination of Oxygen enrichment and recycles 

streams is used. In first stage the flow rate of oxygen is not exceed than 78% [8] .In 

2010 the integration and simulation has been simulated on Aspen plus. The sensitivity of 

different process is studies. Analysis and thermal efficiency was attained 45% and 

carbon dioxide and Sox gases emission. The optimum analysis of gasification cycles was 

according to pinch analysis [9]. In 2018 the new design of Claus Process in which H2S 

absorber and desorbed , SO2 absorption ,separation and recycling in which H2S and flue 
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gas  is  absorbed in MDEA .The absorbent of Methyl di-ethanolamine  and sodium 

citrate absorbent are regenerated to decreased the cost of process [10]. In 2018 Solid 

package of Aspen Plus is used for simulation and optimization of Claus reactor. The 

variation of change in temperature and pressure to observed the H2S conversion into 

sulfur. To observe H2S conversion and sulphur production which are calculated through 

Aspen Plus and comparison with design data [11]. In 2019 objective is improving the 

performance of sulfur recovery by using Aspen Hysys modified three stage simulation 

model is used study behavior of sulfur recovery and also consider a based case. The 

performance of base case is 93.89%. In base case optimization took place by controlling 

air demand percent and also adjusting the sulfur dew point margin .these margin change 

the performance of Claus process to 98.60% [12].  The effectiveness of each individual 

Claus component would depend on this Claus reactor stages. Such as the two reactors 

have to remove Sulfur from sour gas has capability of 90% conversion or method three 

reactor places possess a capability of 97%. The clause process is unable to get 

conversion of 100% enter Sulfur. Aspen PLUS® takes advantage of exact fashions 

intended for prediction belonging to the practice performance by way of the proper 

group thermodynamic fashions together with Assumed a good design and style from a 

process. This data may provide in the iterative type to help you improve this design.  

1.2 Research Goal  

The aim of research is to develop a model of Claus process in Aspen Plus software to 

improve the design and optimization of the chemical process industry. The thesis is 

target on simulation, optimization and cost analysis of sulfur recovery unit. 

 To develop process design and simulation in Aspen Plus software and make a 

numerical and mathematical model for solving the equation.(Chapter No#2) 

 To study parametric study and topological study of Claus process and To check 

the effect by changing the different variable and parameter of chemical 

process.(Chapter No#3) 

 To study the pinch analysis of Claus process and find the optimum value from 

pinch analysis study ( Chapter No#4) 
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 To study the Cost analysis of Claus process. Frist Claus analysis is done before 

the optimization and second cost analysis is done after the optimization and 

shown the cost comparison.( Chapter No #5 & Chapter No#6) 

 At last we shown the Recommendation and Conclusion of Claus Process ( 

Chapter No# 7) 

1.3 Optimization Study of Claus Process 

Optimization is work on sulfur production and cost that are related to energy 

consumption. The literature has review on the environmental determination have 

abundant modification of Claus process unit. There are taking some steps for recovery of 

sulfur and it is effect on cost increment to separate a sulfur molecule from sour gases. 

The recovery of sulfur is causes good effect on the environmental surface and also takes 

good effect on the atmosphere. Due to recovery of sulfur it causes good on human 

ecosystems and human nature and Claus process are the procedure to recovery of 

elemental sulfur from the sour gases. There are different studies on manufacturing of 

sulfur from Claus process. Diwekar is worked on fuel cell power systems and ethylene 

procedure utility plant. Fiaschi and Lombardi have worked on impacted on the 

environmental influence of the sulfur recovery section part of integer gasified section. 

The Zarei is worked on procedure of Claus furnace reaction for optimization & 

modification of Claus process. The different procedure valuations of the Claus process 

for recovery of sulfur and there are different main objective of Claus process that are 

used for sulfur recovery. The performance of varies modification was evaluate by using 

numerical analysis. The major work to finding are Oxygen based Claus process. The 

types are: 1) Upgrading the existing system and launched the new systems [13].Consider 

an increasing the use of high amount sulfur fuel is more stringent environment limitation 

on sulfur emission from different source.  
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CHAPTER NO 2 

PROCESS SIMULATION  

2.1 Process Simulation  

2.1.1 Process Description   

The Claus process is design on base on their sour gases and exhaust gases that are 

released from industrial chimney without any resistance. The sulfur recovery is defining 

the efficiency of Claus process. The objective of Claus process are complete removal of 

sulfur and other main containment gases that are NH3 gas, CO2 gases that must be 

remove from Claus process. Now we are used Aspen plus Software for simulation of 

Claus Process. Aspen Plus is one of the best software for simulation of Claus process. 

The thermodynamic packaging is used for simulation of Claus process, Peng Robison 

method is used for simulation of Claus. Peng Robison is used for hydrocarbon 

components and vapor phase reaction.the objective of clauses process.is.to convert the 

H2S gas into Sulfur and most probably from exhaust gases is come from physical and 

chemical and natural gas processing unit. A Claus technique is containing of waste heat 

boiler, thermal furnace, catalytic reactor & cooler. There is little mechanism in which 

Claus process is take place the oxidation reaction is exothermic in which hydrogen 

sulphide is reacted with oxygen and made SO2 from response to create Sulfur. The 

reaction of Claus process is that H2S is reacted with O2 at ratio of 2/1 ratio at the 

presence of high temperature and high pressure and it get Hydrogen sulphide gas and 

water. At the ratio of 2/1 the good amount of sulfur is produced. There are two types of 

Claus process first is modified Claus process and second is basis Claus process. In Basic 

Claus process the efficiency of sulfur is 70-78% ad it is very highly exothermic reaction 

and it is difficult to control and it also damage the catalyst and second one is Modified 

Claus process in this process efficiency is 90-92%. It is very good control system for 

temperature control. [14].  
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Figure 1: Block Flow diagram of Claus Process 
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2.2 Modeling and Optimization of Claus Process  

The process is start with the chemical process reactions which are exothermic in nature, 

which is shown as thermal section stage. In this process the hydro sulphide gas contain 

acid gases is reacted with oxygen to form Sulphur dioxide and water. This gas is passed 

through waste heat boiler to form intermediate steam that is used for heating medium. 

The gases are cooled in the condenser and a high amount of sulfur is formed. The 

unreacted gases are moved toward the reheated in which cooling unreacted H2S gas is 

further heated at reaction temperature and pressure after this amount of sulfur is 

produced. It again move toward condenser in which sulfur is separated at bottom of 

separator and unreacted gases are pass from top of the reactor. In the packed bed 

catalytic reactor hydrogen sulphide is reacted with oxygen at ratio of 2:1 and to form 

sulfur and water. [15].    
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Figure 2: Process Simulation of Claus Process 
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2.3 First Stage Reaction   

The Claus process is design on the basis of their sulfur recovery efficiency. The presence 

of sulfur and other containments in the gases are deciding the capacity of Claus process.  

The performance of Claus process is totally depend upon an amount of sulfur recovery 

from sour gases and a completely removal of other containment from gases. 

H2S +3/2 O2                              SO2 + H2O                                        (1) 

NH3 +3/4 O2                              1/2 N2 +3/2 H2O                               (2) 

2.4 Second Stage Reaction  

These are highly exothermic reaction and it causes increase in temperature in reaction 

furnace about 1350⁰C. There are different side reactions that are take place after this 

main reaction. 

H2S + SO2 + H2                            S2 + 2H2O                                      (3) 

H2S                          1/2 S2 +H2                                                                                        (4) 

CO2 + H2                         CO + H2O                                                   (5) 

NH3 + 3/4 SO2                               1/2 N2 + 3/2 H2O + 3/8 S2                   (6) 

The important thing of this process efficiency is molar ratio of H2S/SO2 at sour gas is 2 

to get highest conversion of Sulfur. There are equilibrium reaction are take place in the 

reaction.  

2.4.1 Equilibrium Reaction 

 

S2                           S8                                                                           (7) 

H2S + 1/2 SO2                         3/ 16 S8 +H2O                                      (8) 

In this operation acid gas which contains hydrogen sulphide that configuration is more 

than 50 mol% a conventional through configuration. The split flow configuration is 

challenges that arise when H2S concentration in gases. 
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2.5 Flame Zone 

The first reaction of Claus process is adiabatic reaction are take place in Plug flow 

reactor. 

The liner reaction is oxidation reactions. Predicting the extents of reaction is occurring 

in flame zone and consumption of oxygen. It's make sure that no oxygen is slip toward 

into anoxic region it is also safety factor relate issue. 

2.6 Modification of Claus Process on Basic of their Oxygen 

 Claus process is modified on base of their oxygen modification in which air is enriched 

with oxygen. This process is analyzing through process thermodynamic and kinetic. The 

major objective of this work is: 1) Decreasing the equipment sizing. The oxygen-base 

Sulfur recovery units has provide increase capacity of Claus systems at higher Sulfur 

recovery unit level and Dual & Double stage thermal stage system provide have a 

greatest capacity reverse. 

2.7 Thermal Section Units 

The reaction of reactions furnace.and Water Heat Boiler simulation were control the 

process condition that lead to devastation of ammonia current in inlet streams. The 

furnace heating temperature and residence time constant are important parameter to 

promote destruction of NH3 gas. To increase the oxygen enrichment in air, furnace 

temperature and feed preheating and increase the furnace length are changed. The feed 

used in Claus process is consists of sour water gas (SWG) air & acid gas, stream. There 

is complete mixing of steam before it moves toward the furnace and in this stage 

ammonia concentration is 125000ppm. The SO2/H2S ratio is 2 at the exist point of the 

waste heat boiler. Now we are changing the input variable of furnace to check the 

simulation result by taking variation of inlet air concentration and changing the fuel 

concentration. The temperature notices at waste heat boiler is 350⁰C and temperature of 

waste heat boiler is maintained at 315⁰C by using cooling jacket. Now at end take 

analysis of these exhaust gases by using analyzer. Now we find the efficiency of sulfur 

by calculating sulfur at outlet of furnace and sulfur at inlet of sulfur and it’s multiplied 
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with 100. The mass of sulfur is obtained by using formula at inlet and outlet of the 

furnace. 

 

 

Figure 3: Simulation of Sulfur recovery unit 

2.8 Reaction Kinetic of Chemical Reaction 

The modeling of Claus process is divided into two sections and two zones. One section 

is highly rich oxygen concentration and Second section is oxygen deficient is called 

anoxic zone. The anoxic section is endothermic section and there is lower temperature 

and endothermic reaction is take place. [16]. 

-ri = ko,i exp[
−𝐸𝑖

𝑅𝑇
]ƥH2SƥNH3ƥO2                                                                               (a) 

-r2 = 3.58*107 exp [
−26.0

𝑅𝑇
] (ƥH2SƥSO2ƥH2 - exp [ -0.949 - 

5840

𝑇
] ƥS2ƥH2O)               (b) 

-r3 = 9.17*105 exp [
−45.0

𝑅𝑇
] (ƥH2SƥH2 - exp [ -5.93 - 

10880

𝑇
] ƥS2ƥH2)                        (c) 

-r4 = 1.52*1012 exp [
−60.0

𝑅𝑇
] (CCO2CH2 - exp [ -3.88 - 

4166

𝑇
] 

CCOCH2O

C H2
                     (d) 

-r5 = 2.29*104 exp [
−27.5

𝑅𝑇
] CNH3CSO2                                                                                                      (e) 
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CHAPTER 3 

OPTIMIZATION OF CLAUS PROCESS 

3.1 Optimization of Chemical Process 

Process Intensification and Process Optimization have cause great affect in rise the 

interest in research community. The process Optimization is cause significant increase 

or advances the speed and robustness of equipment. Process Intensification is used for 

process development to reduction of equipment size. In Process Intensification are 

included process, business & environmental aspects. Process Intensification is method of 

making reducing. The Process Intensification, Process Optimization and Process 

Systems are not a same study and field but their advance and development are 

correlated. 

 

Figure 4 : Contribution on PI, PO and PS 

3.2 Method for Process Optimization, 

The industrial motivation toward the retrofit is increasing capacity, increase productivity 

and safety and while decreased usage of energy, waste and operational cost. Process 

intensification has estimate 70-80%.of project Systems Engineering and Process 

Intensification are decreased energy consumption and helpful to increase and improve 

quality, safety and conversion. There are four step heuristic methodologies that are 



 

14 

 

including base case analysis, general improvement without analysis, optimization and 

comparison of solution. 

Process Optimization is used to resolve the current challenges in chemical industry. To 

get benefit into engineer intensified process. Both process intensification and process 

intensification is powerful mathematical tool. 

3.3 Technique and Process of Reaction Optimization  

 Raw material and selection of reagent. 

 The scale up technique. 

  Increase quality controller aspects. 

 Safety Material Data Sheet. 

 Focus on environmental aspects. 

 Control hazard of chemical process. 

3.3.1  Scope of Optimization 

The optimization is take to a system and process to find a good solution of the chemical 

process within constrats. The best elements are : 

Objective Function 

A objective function are provide a scalar quantative function performance it measure 

that needs of maximize and minimize. This process can be systems cost , yeild and 

profit. 
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.Figure 5 : Classification of Optimization Problem 

Process Optimization is based on: 

 Typical Industrial Problems 

 Mathematical Programming software  

 Optimization is based on mathematical equation 

 The Lagrange Multiples and simple Algorithm 

 On-line Optimization 

 Chemical complex optimization 

Optimal Design 

 Uses flow sheet simulator 

 Heuristics for process design and superstructure 

Optimal Operations 

 Plant optimal scheduling 

 On-line optimization 

 Supply chain optimization 

Difference Optimization Language  

LINDO - They are used in business application. 
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Optimization Capability Software   

 Maple 

 Matlab 

 Excel-Solver 

 Mathcad 

Mathematical Programming 

 Using GAMS 

 Using Excel-Solver 

 Mathematics Based optimization 

 Simple method and Lagrange Method 

 

Figure 6: Mathematical Programming in Systems Engineering 

 

There is different type of sulfur. 

 Formed Sulfur  

 Emulsified sulfur 

 Milled Sulfur 
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 Precipitated Sulfur 

3.7 Design Variable of Optimization  

3.7.1 Design Variable  

The design variable is whose independent variable over which engineer are control is. 

These are continuous variable such as temperature, pressure or some discrete integer 

variable such as the number of stage in column. This decision variable is called design 

variables. 

3.7.2 Objective Function  

An objective function is a mathematics function in which we use best value of the 

decision variables, and reached toward the maximum and minimum value. The objective 

function is used to measure the value or goodness for solved the optimization problem. 

If it is profits in which we search toward maximum. If it is cost then moved toward 

minimum. 

3.7.3 Constraints   

There is limitation on the value of the decision variables. There are two types of value 

linear and non-linear and they are involved more than one decision variable. The 

constraints are written an equality involving more than two decision variables is called 

equality constraints. These reactions contain a specific concentration of oxygen and it 

combined with feed and it reacts with reactor. The mole balance of oxygen are reacted 

with reactor feed is an equality constraints. In inequality involved one or more than one 

decision variable is called inequality constraints. 

3.7.4 Types of Optimization  

There are two types of optimization that a chemical engineer needs to be considers  

1) Topological Optimization 

2) Parametric Optimization 
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3.7.4.1 Topological Optimization  

In topological Optimization it compacts with the topological preparation of process 

equipment’s. In second types is the parametric optimization it deals with operational 

variables.such.as temperature, concentration and pressure for the given.piece of 

apparatus or.process. In new chemical plant and design the new process units or 

upgrading the existing unit. The topological optimization is considered first because it 

causes large.impact.on.overall effectiveness of plant. In another parametric.optimization 

it is combination of both.types of.optimization tactics may.be .employed instantaneously 

but.the.topological change are causes best to optimize the process. 

1) Can equipment be removed or arranged? 

2) Can unwanted by-product should be eliminated? 

3) An optional and alternative separation method or reactor configuration may be 

employed? 

3.7.4.2 Parametric Optimization  

In optimization of chemical process the conclusion variable should be identify in the 

optimization process. This is very necessary in order to decrease the computation effort 

as well as the time and make problem compliant. There are some variable are consider to 

most of the process. 

1. Operating Condition for the distillation and vessel:-for example, temperature, 

pressure, concentration of reactant. The temperature may be control by observing 

catalyst properties, the sinter at high temperature or to be quiet at very low 

temperature. 

2. Single pass transformation in the distillation and reactor, the selectivity will be 

determined by the condition that is mention and the single pass transformation. 

3. The recovery of new reactant. 

4. The purge ratios for reprocess streams that having an inerts gases. 

5. Operating pressure of the separators. 
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3.8 Improvement of Claus Process 

There is different improvement of Claus Process.  

 Super Claus  

 Oxygen Claus  

 Better Catalyst 

SuperClaus: A best catalyst is used in oxidize to sulfur and avoid the formation of 

sulfur dioxide. The higher conservation is obtained at good cost. 

Better Catalyst: Higher conversion has been achieved with good catalyst that is 

provided higher surface area and also macro porosity. 

 CS2 Destruction: C2S Destruction is by product of furnace. There was laboratory 

worked on the special catalyst operating in the heater and furnace can destruction of C2S 

before it moved toward into catalytic section. 

 

 

Mathematical Process Optimization 

The Mathematic process that contain 2000 different reactions and difference 142 

species.A catalytic section is containing two reactors and two reactions and each reactor 

is containing 141 species for mass balance. The optimization problem contains three 

variables Furnace temperature / pressure, Air ratio / quality, Waste heat boiler 

temperature and pressure. These variables contain upper and lower limit boundaries.  

3.9 Parametric Study of Claus Process 

3.9.1 Effect of change in hydrogen concentration 

To study the effect of hydrogen concentration on waste recovery heat by changing the 

heat transfer coefficient. The concentration of hydrogen and heat transfer coefficient 
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both are inversely proportional to each other. If the hydrogen concentration is decrease 

gradually the production of steam in waste heat boiler is increased. 

 

 
 

Figure 7 : Effect of change in hydrogen concentration 

 

3.9.2 By changing the length of Reactor. 

Carbon monoxide are cause big effect on the length of the reactor. They are gradually 

changed in length of reactor by changing the molar flow rate. In the Hydrogen sulphide 

gas there are causes less effect on the length of the reactor. If the molar flow rate is 

increase the conversion of H2S into elemental sulfur is also increase. In SO2 gas sulfur 

dioxide the are causes big effect on changing reactor length. If the length reactor 

increase it cause decrease in production of sulfur dioxide gas. If we increase or decrease 

the length of reactor is effect on conversion of hydrogen gas in increase. 
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Figure 8 : Effect of Oxygen on sulfur Recovery 

3.9.3 Effect of stream pressure on Claus process 

It is observed that effect of steam pressure on the Claus Process when the steam pressure 

is high than the production of sulfur in sulfur recovery process is decreased. The steam 

production and Claus process. 

 

Figure 9: Effect of change in pressure on Sulfur Recovery 

3.9.6 Optimization Temperature of Sulfur Recovery Unit   

For the optimum operating condition, the average temperature of 2nd and 3rd reactor can 

be decreased. The reducing the temperature is causes increasing the sulfur recovery and 

low emission can be expected. The target of SRU is operates at average temperature at 

214°C and 199°C respectively and temperature is gradually reduced. The variation of 

temperature of 2nd and 3rd temperature is causes variation in H2S recovery. It was 
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observed that up to 2°C temperature reduction cause no significant on total H2S 

conversion. After this point for each degree centigrade reduction in temperature about 

0.1 mol % increases in H2S conversion [17].  
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CHAPTER 4 

PINCH ANALYSIS OF CLAUS PROCESS 

4.1 Pinch Analysis Technique 

 There are appreciated placement principle how we study cold and hot utilities 

and separation system and other process systems that are related to GCC and the 

pinch analysis. 

 There is multiple level of hot and cold value level. The mixing of cooling and 

heating systems the optimally with this process. 

 The Network optimization and relaxation there are modified a network to reduce 

and eliminate a small heat exchanger which are less cost effective. 

 The retrofit of presence chemical plants that are adapting a technique to dealing 

an existing plant layout and exchanger. 

 There are systems analysis of power and heat systems and refrigeration and heat 

pumps systems. 

 There are causes of process change where alter changing operating condition of 

different unit operation and other than stream to maximize the heat integration. 

4.2 Key Steps of Pinch Technology  

There is four steps for pinch analysis in design of heat regaining for both existing and 

new heat exchanger design. 

 First Data extraction that are involve in collection of data for the utility and 

process. 

 Targeting the temperature which is best for show in various respects. 

 The design of heat exchanger where an initial warmth exchanger network are 

established. 

 Last is optimization wherever initial design is basic and enhanced economically. 
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4.4 Data Extraction 

 

 

Figure 10 : Steps of Pinch Analysis 

4.5 Basic Element of Pinch Technology 

4.5.1 Representation of Grid  

 Hot Streams that required cooling medium. It is move toward right direction. 

 Cold Streams that are required heating medium. It is move toward left direction. 

 A heat exchanger is represented by vertical lining that are joining the two open 

circles on the different streams being matched.  
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 Cooler and Heater are represented in open circle on the stream line being cooled 

and heated. 

 The temperatures that can be put on the grid are easily checked on terminal 

difference temperature for each one unit. 

 

Figure 11 : Grid Diagram Heat Recovery Problem 

 

4.5.2 Composite Curve  

 

Figure 12 : Composite Curve 
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4.5.3 Problem Table Algorithm  

 

Figure 13 : Composite Curve 

4.5.4 Grand Composite Curve  

 

Figure 14 : Grand Composite Curve 
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4.5.6 The Pinch Concept 

Pinch analysis is structured approached that improvement related to external. Analysis 

gives us opportunities such as improving efficiency, reducing operating cost and 

planning capital investment. 

 

Figure 15 : The Pinch Concept 

 

 

Figure 16 : The Pinch Technology 

4.6 Pinch Technology vs Process Engineering 

 Pinch Technology is a subdivision of process engineering. 

 Our engineer are specialized information of thermodynamic and software tools. 

They can communicate effectively with clients and conceptual design. 
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  Carrying out process engineering project without the input of pinch study will 

led a less efficient. 

How a pinch technology is different from other energy   

A pinch technology is used to saving and their corresponding financial benefits. 

 Maximum possibility to saving utilities. 

 It study at  all generally site 

 It reveals the highest cogeneration potential. 

 It does not include bench-mark but also account all specific factors, age, process 

equipment, cost product ECT. 

4.6.1 Role of Thermodynamic Law in Pinch Technology   

 Real Saving 

 Feasible job  

 significant Target  

4.6.2 Important of Pinch Technology  

 Pinch give best that will be achieved in systems. 

 Pinch can gives the target to aim for that is less than theoretical maximum. 

 The target is set the basic of heat exchanger design and also gives rules about 

how to design. 

 Take place at wide systems. This allows seeing the interaction of two streams in 

process flow diagram or the utility flow sheet. 

 Refine the area data where the accuracy factor is important. Pinch can show 

incomplete data. 

 Pinch Analysis can compared result with other design tools, which can require 

detailed knowledge about geometry and flow sheet structure.  

 Pinch is one of the best tools that can be used for conceptual design. 

4.6.4 Application of Process Intensification  

 Heat Integration 

 Cogeneration site targeting 
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 Fractional Distillation Column target  

 Hydrogen gas management refinery  

 

Figure 17 : Potential Energy Saving 

4.7 Methodology of Pinch Analysis   

Table 1: Steam Table of Pinch Analysis 

Stream Description Type 
Heat 

Type 
T1 (K) T2 (K) H (kW) m·cp(kW·K) 

1 Cold Cold Sensible 468.15 587.15 31825. 267.437 

2 Hot Hot Sensible 1623.65 468.15 -39209.7 33.9331 

3 Hot Hot Sensible 587.15 448.15 -49001.4 352.528 

4 Cold Cold Sensible 448.5 507.5 33477.1 567.408 

5 Hot Hot Sensible 507.15 433.15 -33582.7 453.82 

 



 

30 

 

The temperature interval diagram was made on suitable temperature difference. The 

utility target is determined and stream splitting technology was employed to create a 

network.  

4.7.1 Grid Diagram  

 

 

Figure 18 : Grid Diagram  

4.8 Heat Exchanger Network 

 

Figure 19 : Heat Exchanger Network 
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CHAPTER 5 

COST ANALYSIS OF CLAUS PROCESS 

5.1 Cost Analysis of Claus Process 

A capital cost is cost that associate with existing chemical plant and modification of new 

chemical plant.  

Order of Magnitude  

These cost information is adjust by using scaling factor, capacity, and for providing the 

estimate cost of chemical plant. Block flow diagram is used for order of Magnitude cost 

estimation. 

Study Estimation  

In this types of cost estimation enlist a major components found in process industry. 

These are including equipment’s like compressor, pump turbine, heat exchanger ECT. 

The each.equipment is.roughly.sized.and determined the.cost estimation. This 

estimation is based on process flow diagram. 

Preliminary Design Estimate  

 In these types of estimation accurate.sizing.of.equipment that is 

used.in.study.estimate..In the .addition make layout.of.equipment.is.made up of.piping, 

electrical equipment, and instrumentation and Utilities are also estimate. The 

preliminary estimate is based on Process Flow Diagram that included vessel stretches of 

equipment, elevation diagram. 
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Definitive Estimation  

In this estimation that require preliminary specification of all chemical equipment, 

instrumentation, utilities and off site. The definitive estimate is including Process Flow 

Diagram, Utilities balance, and P&ID. 

Detailed Estimation  

In this types of estimate that require complete.engineering.of the.process.and also 

related all the .utilities like off-site utilities. In detailed estimation it includes Process 

Flow.Diagram,.Process and.Instrumentation.Diagram, utilities balance.and vessel 

sketches.  

 

Figure 20 : List of Cost Estimation 

The level of accuracy of estimate is depending upon: 

 Effort and Time available 

 Technique and Method Employed  
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 What is Qualification of estimator 

 Study sensitivity of different parameter   

5.2 Costing Technique of Module 

The preliminary cost estimation is best for chemical plant. This technique is based on all 

cost back of purchased cost of chemical equipment evaluation. There is some technique 

of Module costing: 

 Specify equipment types. 

 There is specific equipment pressure. 

 There is specific material of construction. 

 

Figure 21: Accuracy of Cost Revenue Estimator Vs Cost of Making 

5.3 Source of Cost Estimation  

The information of cost analysis is useful for cost and revenue estimating. There are 

four main source of information. 

 Accounting Record 

 Other source take from firm  

 Source from outside the firm 
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 Research and Development  

 

 

Accounting Record  

 An accounting record is the primary source.of.information.for cost analysis but 

they.are.not suitable.for.direct.use. An accounting record is consisting of series of 

operating procedure for saving and keeping record detailed transaction between 

establishes categories of different asset. Accounting record is 

source.of.historical.data.but there is some limitation when they are used.in 

making.prospective estimation for economic.engineering analysis.   

 

Other Source takes from firm  

There are number of people of people and record that are best source to estimating 

information. For Example: Firms that keep previous record that are useful to economic 

analysis are engineering, quality, purchased, sales, and personnel. 

 

Source takes form outside firm 

There are different source that are outside the firm that are helpful information for cost 

analysis. The main sources from outsider are: 

 Published Information 

 Current Wage 

 

Research and Development  

 This information.is.not given or published.and.cannot be.obtained by.consulting and 

the.only alternative.may be.undertake Research and Development to generate a data. 

First developed a pilot plant and observing the operating condition and pressure. 
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Figure 22: The cash flow diagram for industrial operation 

5.5 Factor Affecting Investment and Production Cost 

Whenever an Engineer of Chemical are  decides cost of any product these cost must be 

accuracy to reliable decision the engineer must know the factor that affecting cost of 

product. Many companies have different arrangement with other contractor whereas raw 

material and equipment may be purchased lower than market value but a chemical 

engineer is based on raw material of reactant that is available in market place. Engineer 

must to be upgrade with price fluctuation, governmental regulation, company polices 

and other factor. 
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 Source of Equipment 

Price Fluctuation  

In the modern technology there are price fluctuation price is varies period to period. The 

labor cost is change by changing the price of food and goods. Therefore a chemical 

engineer should know the daily price and wage fluctuation. 

Company Policy  

The policy of company is direct effect on the cost of product. The company polices is 

totally depend on labor unions because there is effect of labor charge overtime work and 

the operator and engineer that work in company in overtime work. 

Governmental Policy  

The government has many regulation and rule that are cause effect on direct cost of 

industrial process. For example there are some tariff regulation on import and export. 

There are restriction on permissible depreciation rate and environmental regulation.  

 

Figure 23 : Breakeven point for chemical plant 
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5.8 Chemical Engineering Cost Index 

 

Figure 24 : Cost index of Chemical Engineering 

 

Grass Root Plant 

A grass root plant is consisting of complete plant installed on new side. This investment 

included all cost of land. 

Battery Limit Plant 

A boundary limits plant that define plant limit where it start from the production. A 

battery limit plant is the point where plant inlet is start from there. It include all the 
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process equipment but exclusion of storage, Administration building, Auxiliary 

facilities. 

 

 

Figure 25 : Application of six-tenth-factor rule to the cost 

 

5.11 General Overall Design of Chemical Plant 
 

 We study the plant location. 

 We study instrumentation control and chemical process. 

 We study external utilities that used in chemical process. 

 We study the different 3D diagram of chemical process. 

 We study the structural design and building of chemical process. 

 We study the handling of different material through different process.   
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5.12 Cost Analysis of Claus Process Sulfur Recovery Units 

 

 

 

 

Figure 26:Process Flow Diagram of Claus Process 
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5.12.1 Equipment Summary of Claus Process 

 

Figure 27 : Equipment Summary of Claus Process 

5.12.2 Utilities Summary of Claus Process 

 

 

Figure 28 : Utilities Summary Of Claus Process 
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5.12.3 Material of Construction 

 

 

Figure 29 : Material of Construction 

5.12.4 ECONOMIC INFORMATION AND CALCULATION 

 

Figure 30 : Economic Information and Calculation 
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5.12.5 Cash Flow Diagram 

 

Figure 31 : Cash Flow Diagram 

  

5.12.6   Discount and Non-Discount Profitability Criteria  

 

Figure 32 : Discount and Non-Discount Profitabity Criteria 
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5.12.7 Variable Key Parameter over Plant Life 

 

Figure 33 : Variable Parameter Over Plant Life 
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CHAPTER 6 

Analysis of Cost Improvement in Chemical 

Technology  

In the R&D and design of chemical plant the capital cost are universal estimation. In the 

chemical plant performance is overestimated. The product cost is trending to increasing 

significant between realized cost and estimate. There are number of factor that depends 

upon decrease cost of chemical plant. 

 Improving the technology 

 Learning by designer and plant operator 

 Economic analysis of large equipment 

 Using the cheap raw material cost 

6.1 Cost Improvement  

This is relationship between better worker performance and decreased cost and 

improved management and production and technical improvement. This phenomenon is 

types of manufacturing process are called learning curve. The learning phenomena are 

not factor that promote the relationship between declined cost unit and cumulative 

production. There are generic factor of learning improvement are learning by plant 

improvement, improvement the technical ability, improved the economic scale and 

decrease raw material cost.  

6.1.1 Rate of Cost Improvement 

The rate of Cost Improvement is defined as there are same manner of as the learning 

curve. There are slope of regression between fitted logarithm cost on Y-axis and 

logarithm of industry production on X-axis.  

Cn = C1𝑛𝑏 
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The curve of improvement is 100% is minus with rate of improvement. If the rate of 

improvement is 20% then rate of curve is 80%. 

6.1.2 Factor Affect Rate of Improvement 

 The characterize the technology 

 The characterize the marketplace 

 The characterize the management 

The first factor is important for rate of improvement because of the state of product and 

market product and other factor cause less variant in product technology. 

The Factor that characterize the Technology 

We are considering 4 hypotheses that are regarding relationship between cost 

improvement and technical characterizes. 

 The higher level of complexity are cause high improvement  

The hypothesis are implies that higher the number of complexity cause the higher 

number of interlink step process and it offer greater the number of opportunities to 

improve the process. The more step are implied to improvement through process 

simplification and it causes higher proficiency.  

 If product has price it causes less cost improvement  

Higher the capital investment is causes rapid improvement in chemical process because 

process will provide less value of performance and it also cause less cost improvement. 

Solid processing is may related to rapid cost improvement 

Solid process is involved more physical unit operation other than gas and liquid and 

physical operation involve in less technological improvement. The solid processes are 

weak as compared to gas processing. There are some elementary factor in which heat 

and material balance are more difficult to take extrapolate from one plant to next 

changes. There is less show of improvement in solid processing.  
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In Technological display greater economical scale show more rapid improvement 

in cost 

There is relationship between learning curve and technological innovation and other 

economical scale are discussed in context of CPI. A learning improvement are implies in 

the state of art of product, labor, improved management and organization and an 

advance product technology.  Economic scale is shown range of cost unit decline as well 

as level of production increments. 

 
Figure 34 : Scale Economic with and without technical change 

 

6.1.2 Factor that Affect Characterize the Market Place 

There are three hypotheses that are relationship between market factor and cost 

improvement.  

 The actual change feedstock prices will effect of improvement cost 

The hypothesis is show that cost improvement in raw material will be reelected the more 

rapid in production improvement. The cost improvement is most rapid for intermediate 
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rather than primary chemical used. The predecessor chemical are causes more rapid cost 

improvement. 

 The higher demand of growth are causes more rapid learning because of 

higher demand will create powerful incentive to power reduced cost to 

capture market value. 

 The concentration Level and competition in industry may affect cost 

improvement. 

Some of the economic told that concentration has reduced the incentive investment in 

the Research and Development Department. 

Factor that are characterize the Management  

The management has cause more affect in cost improvement but they are cause effect in 

management. This relation is hard to prove. However there are two hypotheses. 

 The higher level of R&D is causes more rapid cost improvement. 

 We can do careful management to maximizing collect information from 

earlier chemical plant and provided continuity for follow up plant and that 

effect rate of cost improvement after commercialization of new process or 

market product. 

6.2 Understanding Cost Improvement in Chemical Processing 

There are 37 chemical process and products that are factor associated with cost 

improvement. First examine hypotheses that related to technology, Marketplace, 

management and analysis cost improvement that is form of database. Whenever data is 

not found then we can used case studies and literature value to discuss factors 

qualitatively and finally present statistical model for cost improvement. 

Capital Intensity    

The capital makes big contribution on product cost have caused more rapid economic 

improvement is not sure by the cost analysis. There are two relationships way between 
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cost improvement and cost analysis that could support the factors that actually cause cost 

improvement , better management , technological innovation ect that can have limit 

effect on the feedstock costs  but they have potentially have great effect on the capital 

cost.  

Process Factor 

There are no relationship between ''scaling factor'' and cost improvement for 

technological analysis. The scaling factor is measure economics scale analysis of capital 

cost. The most important factor is cost of chemical. There is relationship between cost 

improvement slope and cost economies after other factor are controlled variable. 

Table 1 : Capital Intensity of Different Chemical Groups 

 

Process Complexity  

The process Complexity has offered more opportunity for improvement of technical 

processes by using complexity methods. 

6.4 Cost Improvement and Marketplace 

The price change in feedstock are causes big effect on prices cost on product. There is 

most implication that is applied on cost analysis. 

 We are expecting that there is less cost improvement in primary chemicals as 

compare to secondary chemical. The refined chemical raw material will be less 

variable therefore that improving the reliability the chemical process. In the 

addition there are causes opportunity for introducing feedstock and that are 

greater than secondary chemical involved.  

 There is prediction that the rate of cost improvement in primary chemical cost is 

faster than improvement in secondary chemicals. 
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 There are expecting that less cost improvement in feedstock where rising cost are 

associates with mineral depletion. 

 Table 2 : Correlation between Improvement Slopes and Feed Stock Factor 

 

6.5 Cost Improvement and Management 

In the first hypotheses there are relationship between cost improvement and industrial 

management for the chemical process. They are cause higher level of development and 

research expenditure of product cost and it causes rapid improvement. The second 

hypotheses are on management information transfer and organization of rapid 

improvement cost. 

Cost Improvement and R&D Expenditure  

There is magnitude of relationship between R&D expenditure and cost improvement has 

very important implication of industrial competitiveness. We have hoped to test 

relationship between different R&D expenditure on refinement of different processes 

and cost improvement slopes by using different multiple regression model.  

 Lieberman Equation cannot contain four factors that are use to drove the cost 

improvement in the chemical processes. This relationship would affect the 

factors are taken to unknowns. 

 R&D are cause significant contribution to examine and explain cost 

improvement variation which are combined cumulative industry output and 

strongly related with cost analysis. The relationship between cost improvement 
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and cumulative output are much stronger than R&D expenditure and also cost 

analysis. 

 Lieberman has measure of R&D expenditure that admittedly the crude. It is ratio 

of sale of R&D expenditure and company sale. There are causal linked between 

cost improvement and R&D expenditure. 
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6.6 Cost Analysis of Claus Process after Improvement   

6.6.1 Equipment Cost 

Table 3: Cost Analysis of Claus Process after Improvement 
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 Utilities Summary  

 
Figure 35 : Utilities Summary 

 

Material of Construction  

 

Figure 36 : Material of Construction 
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Cash Flow Diagram 

 

Figure 37 :Cash Flow Diagram 

 

 

Parameter over Plant Life 

 

Figure 38 : Parameter over Plant Life 
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CHAPTER 7 

RESULT AND DISCUION 

7.1 Result and Discussion  

 The Claus process is design on the basis of their property method. A Peng-Robinson 

method is used to simulation of Claus process. The efficiency of Claus process is 

depending upon sulfur production. The main objective of Claus process is to removal 

sulfur from petroleum product because it is environmental friendly. It is good for 

atmosphere and human ecosystem. At the same temperature and pressure and flowrate 

for oxygen we get 25.57 lb mol/hr of sulfur. 

Table 4: Heat and Material Balance Table 
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7.2 Effect. Of Change.in Length and Diameter of Furnace  

 

Table 5 : Effect of Change in Length and Diameter of Furnace 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.2.1 Effect of Increasing Oxygen flow rate on Sulfur Recovery 

If we increase the quantity  of oxygen in air it causes increase the sulfur recovery from 

hydrogen sulphide gas and it's also caused decreased the formation of SO2 gas which is 

not good for chemical industry and high quantity of oxygen uses in Claus process are 

also affect in decreased the formation of NH3 in Claus process. Ammonia gas causes 

corrosion in chemical industry. 
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Figure 39 : Effect of Oxygen on sulfur Recovery 

7.3 Effect of Change in Temperature on Sulfur Recovery 

It is observed that increase the temperature of reactor it causes decreased in sulfur 

recovery from Sulfur recovery unit. In Claus process there are exothermic reaction take 

place in reactor. In exothermic reaction we used cooling medium to control the 

temperature otherwise it formed by product in the reactor like formation of SO2 and NH3 

in the reaction which is not good for process. 

 

Figure 40 :Effect of change in Temperature on Sulfur Recovery 
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7.4 Effect of Pressure Reactor on Sulfur Recovery 

It is observed that effect of pressure on the sulfur recovery unit. If we increase the 

operating condition like pressure of reactor it causes to increase the sulfur. The increase 

pressure is directly proportional to sulfur recovery but increasing pressure did not cause 

big effect on sulfur recovery unit. There are little bit effect of sulfur recovery on Claus 

process. 

 

 

Figure 41: Effect of change in pressure on Sulfur Recovery 

7.5 Sulfur Recovery vs Reactor Length 

Reactor length.on sulfur recovery unit. This graph shows that the length of reactor is 

increased from 28.3 m to 40 m. From 28.3 m to 35m the sulfur recovery increasing and 

after 35 m the recovery of sulfur is decreased. Its notices that there are little affect to 

increase length of reactor.   

 

Figure 42: Effect of Length of Reactor on Sulfur Recovery 
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7.6 Cost Analysis Result 

 
Figure 43 : Cost Analysis before Analysis 

 

 
Figure 44 : Cost Analysis after Analysis 
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CHAPTER 8 

CONCLUSION & RECOMMENDATION 

8.1 Conclusion  

The simulation is based on Claus process .it is a sulfur recovery process in which sulfur 

is extracted from sour gases and exhaust gases. If sulfur is not removed from sour gases 

it causes SO2, CO2 gases. When petroleum products that contain sulfur components are 

burned and combusted in engine it is produce SO2, CO2 gases which is causes bad for 

environment. Now in the Claus process the sulfur components are extracted from 

petroleum product before it burned in engine. The presence of SO2 in air is causes acid 

rain and also effect in breathing problem like asthma. We are used Aspen plus software 

for simulation of Claus process and the property method which is helps for simulation is 

Peng-Robison. The Peng-Robison method is used for hydrocarbon and vapor gases 

components. After the simulation of Claus process we have worked on Optimization of 

Claus process. There are two types of optimization first topological optimization and 

parametric optimization. In topological optimization there are reduction of size of 

equipment and reduce external utilities. The objective of topological optimization is to 

maximum consumption of internal utilities. Due to theses objective of topological 

optimization I have decided to done pinch analysis because in pinch analysis the size of 

equipment is less. There is maximum utilization of internal hot and cold utilities. The 

size of equipment is optimized. After the pinch analysis and topological optimization I 

have work on parametric optimization in the parametric optimization. We can change 

the parameter of Claus process to check the result and we can change the operating 

condition of Claus process to get maximum efficiency. Frist we have change the 

concentration and flowrate of oxygen due to change of flowrate the unreacted H2S gas is 

converted into sulfur. The unreacted H2S gas is converted into elemental sulfur and it 

increase the performance of Claus process. Secondly change the temperature of reactor 

when the temperature of reactor is changed the conversion of H2S gas into sulfur is 

decreased. Due to increase in temperature the deactivation of catalyst is increased the 
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production of by-product is increased. When the temperature of catalyst is increasing the 

some problems is causes with catalyst like fouling, coking and sintering. The Claus 

process is an exothermic reaction. The temperature of reaction is increased due to 

proceeds to reaction. Now we have installed cooling jacket to control the temperature of 

reactor. The cooling water is moving toward the jacket and temperature of reactor is 

maintained. The third optimization length of reactor is changing from 35.5 inch to 50 

inch and the diameter of reactor is increased from 30 inch to 50 inch in this parametric 

optimization when the length of reactor is increasing the NH3 production is decreasing 

along the length and formation of sulfur is increasing along the length. There are many 

research papers are worked on the NH3 formation because due to NH3 formation it 

causes corrosion and it damage the chemical equipment. To avoid from ammonia 

formation we increase the size of equipment and increase the length and diameter of the 

reactor. The fourth optimization is take place on the effect of pressure on sulfur recovery 

units. We are notices that there are minimum effect of sulfur recovery due to increase in 

pressure. These steps are not followed because increase in pressure causes great cost 

investment. After the simulation and optimization of Claus process the final steps is cost 

analysis. I have done two time of cost analysis my first cost analysis is done before 

optimization and second optimization is done after the cost analysis. I have used Capcost 

software for cost analysis of Claus process. After the two time cost analysis we have 

notices that profit of this process is increased and optimization of Claus process is more 

effective for the Claus process. 

8.2 Recommendation  

The Claus process is design for removal of sulfur from sour gases because these gases 

are causes environmental pollution and it is damage the human ecosystems. The second 

reason of design this process is increase the performance of engine due to sulfur 

components present in engine it causes knocking and produces big noise in the engine. 

The decomposition of NH3 gas by increasing and decreasing the length of each 

equipment .NH3 gas is causes corrosion in chemical plant. There are few modification 

are carried out for optimization of Claus process by increasing the capacity of Claus 

process. Process Intensification will be applied on Claus process to reduce the size of 



 

61 

 

equipment. Increasing the effectiveness of heat exchanger network is required by using 

process intensification. Now in Claus process there are three reactors are used. There is 

so much research paper in reactor because there will be one reactor is used as compared 

to three reactor. The efficiency of separator is increasing by using process intensification 

method. 
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