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Introduction 
 

Maleic anhydride is a versatile chemical intermediate used to make unsaturated polyester 

resins, lube oil additives, alkyd resins, and a variety of other products. In 1995, global 

production of maleic anhydride was estimated at 1.8 billion pounds, with an estimated 

value of $700 million. Over the last five years, world consumption has increased at an 

average annual rate of 5.8%, with the fastest growth occurring in Asia, where it is used as 

an intermediate for production of 1,4-butanediol [1].  The goal of this project is to design 

a grass roots facility that is capable of producing 40 million pounds of maleic anhydride 

per year from n-butane.  Your group is assigned the problem of evaluating the sketch and 

recommending improvements in the preliminary design.  Your job is to analyze the 

simplified maleic-anhydride production process, to suggest profitable operating conditions, 

and to write a final report summarizing your findings.  Note that optimization is NOT 

required in this design project. 

 

Process Description 

Figure 1 shows a PFD for the overall process.  Pure butane, Stream 2, and compressed air, 

Stream 3, are mixed and fed to R-101, an adiabatic reactor, where butane reacts with 

oxygen to form maleic anhydride.  The reaction is exothermic, therefore, one could 

consider either a fluidized bed reactor or a packed bed reactor with heat removal to stay 

close to isothermal.  The reactor effluent is cooled and sent to T-101, a packed bed 

absorber, where it is contacted with water, Stream 7, to remove the light gases and all of 

the maleic anhydride reacts to form maleic acid.  The vapor effluent, which consists of 

non-condensables, Stream 8, must be sent to an after-burner to remove any carbon 

monoxide prior to venting to the atmosphere.  This is not shown here.  The liquid effluent, 

Stream 9, is then cooled and flashed at 101 kPa and 120°C in V-101.  The vapor effluent 

from V-101, Stream 11, is sent to waste treatment.  Stream 12, the liquid effluent, is sent 

to R-102 where maleic acid is broken down to maleic anhydride and water.  The reactor 

effluent is then sent to distillation column, T-102, where maleic anhydride and water are 

separated.  The distillate, Stream 14, is sent to waste treatment.  Stream 15, the bottoms, 

consists of 99-wt.% maleic anhydride. 
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Necessary Information and Simulation Hints 

The following reactions occur during the reaction of butane with oxygen: 

 OHOHCOHC 23242104 45.3   (1) 

 OHCOCOOHC 222104 5225.5   (2) 

 OHCOOHCOHC 222432104 35.3   (3) 

 OHCOOCHOHC 22222104 436   (4) 

The conversion of butane is assumed to be 82.2%.  The selectivity for each reaction is as 

follows [2]: 

(1) maleic anhydride 70.0% 

(2) carbon dioxide 1.0% 

(3) acrylic acid 1.0% 

(4) formic acid 1.0% 

 

Data that may provide reaction kinetics can be found in US patent 4,317,778. 

 

The process was simulated using the Peng-Robinson thermodynamic package for K-values 

and Peng-Robinson for enthalpy.  UNIFAC thermodynamic suggested an azeotrope 

between maleic andhydride and water, which would not allow purification of the maleic 

anhydride to the purity obtained here.  This should be considered when designing the 

separation units. 

 

Equipment Summary 

C-101  Air Compressor 

E-101  Heat Exchanger 

E-102  Heat Exchanger 

E-103  Condenser 

E-104  Reboiler 

P-101A/B Reflux Pump 

R-101  Packed Bed Reactor 

R-102  Maleic Acid Reactor 
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T-101  Absorption Tower 

T-102  Distillation Column 

V-101  Flash Vessel 

V-102  Reflux Vessel 

 

Design of Heat Exchanger in E-101 and E-102 
 

 A detailed design of the heat exchangers E-102 and E-102 is required for base-case 

conditions.  It should be assumed that cooling water is available at the conditions specified 

in the Appendix of this problem statement.  For this heat exchanger design, the following 

information should be provided: 

 

 Diameter of shell 

 Number of tube and shell passes 

 Number of tubes per pass 

 Tube pitch and arrangement (triangular/square/..) 

 Number of shell-side baffles, if any, and their arrangement (spacing, pitch, 

type) 

 Diameter, tube-wall thickness, shell-wall thickness, and length of tubes 

 Calculation of both shell- and tube-side film heat transfer coefficients 

 Calculation of overall heat transfer coefficient (you may assume that there is 

no fouling on either side of the exchanger) 

 Heat transfer area of the exchanger 

 Shell-side and tube-side pressure drops (calculated, not estimated) 

 Materials of construction 

 Approximate cost of the exchanger 

 

 A detailed sketch of the exchanger should be included along with a set of comprehensive 

calculations in an appendix for the design of the heat exchanger.  You should use ASPEN 

Exchanger Design & Rating (EDR) in the ASPEN Plus simulator to carry out the detailed 

design. 

 

Economic Analysis 
 

When evaluating alternative cases, you should carry out an economic evaluation and 

profitability analysis based on a number of economic criteria such as payback period, 

internal rate of return, and cash flow analysis.  In addition, the following objective function 

should be used.  It is the equivalent annual operating cost (EAOC), and is defined as 

 

EAOC = – (product value – feed cost – other operating costs – capital cost annuity) 
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A negative value of EAOC means there is a profit.  It is desirable to minimize EAOC; i.e., 

a large negative value of EAOC is very desirable, although you are not being asked to carry 

out optimization. 

 

Utility costs are those for steam, cooling water, boiler-feed water, natural gas, and 

electricity. 

 

The capital cost annuity is an annual cost (like a car payment) associated with the one-

time, fixed capital cost of plant construction and installation. 

 

The capital cost annuity is defined as follows: 
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where FCI is the installed cost of all equipment; i is the interest rate; and n is the plant life, 

in [y].  For accounting purposes, take i = 0.15 and n = 10. 

 

For detailed sizing, costing, and economic evaluation including profitability analysis, you 

may use Aspen Process Economic Analyzer (formerly Aspen Icarus Process Evaluator) in 

Aspen Plus Version 8.  However, it is also a good idea to independently verify the final 

numbers based on other sources such as cost data given below. 

 

 

Other Information 
 

You should assume that a year equals 8,000 hours.  This is about 330 days, which allows 

for periodic shut-down and maintenance. 

 

 

Final Comments 
 

As with any open-ended problem; i.e., a problem with no single correct answer, the 

problem statement above is deliberately vague. You may need to fill in some missing data 

by doing a literature search, Internets search, or making assumptions. The possibility exists 

that as you work on this problem, your questions will require revisions and/or clarifications 

of the problem statement. You should be aware that these revisions/clarifications may be 

forthcoming.  

 

Moreover, in some areas (e.g. sizing/costing) you are given more data and information than 

what is needed. You must exercise engineering judgment and decide what data to use. Also 

you should also seek additional data from the literature or Internet to verify some of the 

data, e.g. the prices of products and raw materials. 

 



 5 

References 

1. http://www-cmrc.sri.com/CIN/JulyAugust96/Article08.html 

2. Slindard, W., A. Baylis, U.S. Patent # 4,052,417 “Vapor Phase Oxidation of Butane 

Producing Maleic Anhydride and Acetic Acid.” 



 6 

Stream Tables 

Stream  1 2 3 4 5 6 7 8 

Temp. (°C) 20.0 20.0 147.9 121.0 410.0 95.0 45.0 59.9 

Press. (kPa) 275.0 101.0 275.0 275.0 275.0 200.0 170.0 170.0 

Vapor Fraction 0.0 1.0 1.0 1.0 1.0 1.0 0.0 1.0 

Total Flow (kg/h) 2000.0 41174.0 41174.0 41174.0 43174.0 43174.0 11216.0 37621.4 

Component Flows (kg/h)         

Nitrogen  -- 31210.0 31210.0 31210.0 31210.0 31210.0 -- 31210.0 

Carbon Monoxide  -- -- -- -- 21.7 21.7 -- 21.7 

Oxygen -- 9511.0 9511.0 9511.0 6287.4 6287.4 -- 6287.4 

Carbon Dioxide -- -- -- -- 102.3 102.3 -- 102.3 

Butane 2000.0 -- -- -- 355.9 355.9 -- -- 

Water  -- 453.0 453.0 453.0 2491.2 2491.2 11216.0 -- 

Formic Acid -- -- -- -- 17.8 17.8 -- -- 

Acrylic Acid  -- -- -- -- 27.9 27.9 -- -- 

Maleic Anhydride -- -- -- -- 2659.6 2659.6 -- -- 

Maleic Acid -- -- -- -- -- -- -- -- 

 

 

Stream  9 10 11 12 13 14 15 

Temp. (°C) 60.0 40.0 120.0 120.0 160.0 97.1 162.0 

Press. (kPa) 170.0 101.0 101.0 101.0 101.0 101.0 101.0 

Vapor Fraction 0.0 0.0 1.0 0.0 0.7 0.0 0.0 

Total Flow (kg/h) 16768.5 16768.5 13639.7 3128.8 3128.8 602.5 2526.3 

Component Flows (kg/h)        

Nitrogen  -- -- -- -- -- -- -- 

Carbon Monoxide  -- -- -- -- -- -- -- 

Oxygen -- -- -- -- -- -- -- 

Carbon Dioxide -- -- -- -- -- -- -- 

Butane 355.9 355.9 355.9 0.1 0.1 0.1 -- 

Water  2491.2 2491.2 13206.0 12.6 496.0 491.5 4.5 

Formic Acid 17.8 17.8 17.6 0.2 0.2 0.2 0.1 

Acrylic Acid  27.9 27.9 26.6 1.4 1.4 0.6 0.8 

Maleic Anhydride 2659.6 2659.6 -- -- 2631.2 110.2 2521.0 

Maleic Acid -- -- 33.6 3114.6 -- -- -- 



 

 


