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Material Balances

Design Project

Production of Maleic Anhydride

Maleic anhydride is a chemical intermediate that is used to produce resins, surface coatings, lubricant additives, and agricultural chemicals. 


The purpose of this project is to do a preliminary analysis to determine the feasibility of constructing a chemical plant to manufacture 40,000 ton/yr maleic anhydride.


A suggested process flow diagram is attached.  You should use this as a starting point.  Your primary task is to recommend operating conditions for the reactor that maximize the gross profit (defined later).  Suggestions for process improvements that increase profit are also welcome.  Any change that you can justify that does not violate the laws of nature is allowed.  Your assignment is to develop a “best” case, where “best” is dependent upon economic considerations.  In reporting your best case, clearly state the single-pass conversion of benzene, the overall conversion of benzene, the economic results for your best case, and any recommendations you have for process improvements.

Chemical Reaction


The raw material is benzene.  The primary reaction is one in which benzene is partially oxidized to form maleic anhydride (Equation 1).  There are two undesired side reactions, the subsequent combustion of maleic anhydride (Equation 2) and the complete combustion of benzene (Equation 3).


The chemical reactions are as follows:
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Process Description


The process is illustrated in Figure 1.  
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Figure 1:  Maleic Anhydride Production Process



Process Details


Feed Stream and Effluent Streams



Stream 1:
Benzene – $1.25/gal (liquid) – stored as liquid, vaporized before fed to process



Stream 2:
Air – 79 mol % N2, 21 mol % O2 – present at 200% excess based on maleic anhydride formation reaction (note:  100% excess is double the stoichiometric amount)



Stream 5:
Dibutyl phthalate solvent – make-up stream for amount lost in Stream 8 – $0.78/lb



Stream 6:
Dibutyl phthalate – flowrate = 735,000 lb/hr



Stream 8:
Waste gas – contains unreacted benzene and O2, N2, CO2, and H2O, plus some dibutyl phthalate – sent to treatment process, the cost of which may be ignored



Stream 9:
Maleic anhydride product – $0.49/lb


Equipment



Vessel (V-501):
location where make-up dibutyl phthalate and recycled dibutyl phthalate streams mix



Reactor (R-501):  where the reactions in Equations 1-3 occur



Absorber (T-501):
where 99% of the maleic anhydride in Stream 4 is absorbed into dibutyl phthalate – for accounting purposes, all maleic anhydride in the recycle stream (Stream 10) may be assumed to go to Stream 7 – You should assume that 0.1% of the dibutyl phthalate in Stream 6 is lost into Stream 8.  This plus the dibutyl phthalate in Stream 9 is the amount of dibutyl phthalate needed in Stream 5, which is a raw material cost.  



Distillation Column (T-502):
Separation of maleic anhydride and dibutyl phthalate – 99 mol % of maleic anhydride in Stream 7 enters Stream 9, and 99 mol % of dibutyl phthalate enters Stream 10

Economic Analysis


When evaluating alternative cases, the following relationship should be used:


gross profit = value of products – cost of raw materials
(4)

The goal of this project is to determine the operating conditions that maximize the gross profit.

Reactor Information


The reaction conditions are limited to temperatures between 450(C and 650(C.  Table 1 gives conversion and selectivity information for the reactor.  It should be observed that CO2, the undesired product, is also formed in the desired reaction.  Therefore, the maximum possible selectivity, defined as maleic anhydride formed/total CO2 formed, is 0.5.

Table 1:  Reactor Conversions and Selectivities

	T ((C)
	X

conversion of benzene
	selectivity

lbmoles maleic anhydride/lbmoles CO2 

	450
	17.5
	0.257

	460
	21.6
	0.252

	480
	31.8
	0.238

	500
	44.5
	0.229

	520
	58.8
	0.219

	540
	63.0
	0.208

	560
	85.0
	0.197

	580
	93.3
	0.185

	600
	97.7
	0.175

	620
	99.47
	0.163

	640
	99.92
	0.152

	650
	99.97
	0.147


Other Information


You should assume that a year equals 8000 hours.  This is about 330 days, which allows for periodic shut down and maintenance.


This problem is to be worked exclusively in American Engineering units.

Deliverables

Each group must deliver a word-processed report.  It should be clear and concise.  The format is explained in a separate document.  When presenting results for different cases, graphs are superior to tables.  The body of the report should be short, emphasizing only the results and briefly summarizing computational strategies.  The report appendix should contain details of calculations that are easy to follow.  Calculations that cannot be followed easily will lose credit.


The project is due November 19, 2003, at the beginning of class.  There will be oral presentations of project results on that day.  Oral presentation guidelines will be provided in a separate document.


Anyone not participating in this project will automatically receive an F for ChE 201, regardless of other grades earned in this class.

Groups

You will work on this project in groups of 4.  More details of group formation and peer evaluation will be discussed in class.

Revisions


As with any open-ended problem; i.e., a problem with no single correct answer, the problem statement above is deliberately vague.  The possibility exists that as you work on this problem, your questions will require revisions and/or clarifications.  You should be aware that these revisions/clarifications may be forthcoming.




2








_1121062466.unknown

_1121062558.unknown

_1130929367.unknown

_1121062392.unknown

