Date:
November 17, 2015
From;
G.W. Norval

To:
CHE311S, CHE322S, CHE333S, CHE334S

RE:
3rd Year Design Project – for credit in all courses

In term 3S, students will learn the details of the design of reactors (CHE333S) and separators (CHE311S).  This project supports those courses, as well as the labs, and also provides a design exercise.
Each team of 4 students will be assigned a reacting system, (all reactors are plug flow models, and the rate law is provided) with a defined production target and some guidance on operating conditions.  Each group will do a set of calculations with their chemical system.  The tasks include:

1) develop a mass and energy balance spreadsheet that also estimates equipment size (using linked spreadsheets)

2) develop the vapour-liquid equilibrium data and perform a McCabe-Thiele calculation for a distillation column

3) develop a spreadsheet that determines the size of an isothermal reactor

4) develop a spreadsheet that determines the size of an adiabatic reactor

5) develop a spreadsheet that determines the size (dimensions, # of stages) of a distillation column

6) develop a steady-state ASPENPLUS model of the system; 
7) develop a preliminary P&ID

8) develop a report that discusses a safety review (the 7 deviations)

Assistance with EXCEL and ASPENPLUS modelling as well as flowsheet development support will be provided during the CHE334S tutorials.

A design report will be produced that includes a short written summary of the work, as well as discussion of the reactor and separator designs, with estimates (EXCEL model) that demonstrate the believability of the simulation results.  In other words, compare and contrast the results of the various calculations, and explain why you trust (or do not trust) the ASPENPLUS model.
The report needs to consider the 7 deviations from normal operations, which allows for identification of the consequence of process upsets, and also to identify means to mitigate the consequences.

This project will be graded for a portion of all three courses (CHE311S, CHE333S and CHE334S).  For CHE334S, the technical evaluation for CHE311S and CHE333S will be 65% of the final course grade.
Tutorial Schedule

A three hour tutorial is provided, twice a week.  Each team is scheduled for a 90 minute time slot, every week.  During that time period, you will meet with me, and the course TA.  We will assist with calculations, so be sure to have at least one computer.

The tutorials are in WB242.  There is room for 12 teams, so you can arrive early, and stay later.
	Week
	Wednesday Tutorial

WB242
	Thursday Tutorial

SF3201

	January 4
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	January 11
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	January 18
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	January 25
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	February 1
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	February 8
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	February 22
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	February 29
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	March 6
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	March 13
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	March 20
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)

	March 27
	P0103 (12:00 – 13:30); 

P0104 (13:30 – 15:00)
	P0101 (12:00 – 13:30); 

P0102 20 – 27 (13:30 – 15:00)


	Group
	Process
	Stoichiometry
	Kinetic Model
	Production Target

	1
	Isopropanol dehydrogenation
	i-C3H8O => (CH3)2CO + H2
	Rate (kmol/s m3) = 
84.4 exp(-72,380/RT) Pipr

Pressure in kPa
	Produce 500 te/d with 40% conversion

	2
	Ethylene chlorination to EDC
	C2H4 + Cl2 => C2H4Cl2
	Rate (kmol/s m3) = 
544 exp(-103,000/RT) Pet
Pressure in kPa
	produce 200 te/d of EDC at 60% conversion.

	3
	cyclohexene production


	C2H4 + C4H6 => C6H10
	Rate (kmol/s m3) = 
962 exp(-115,000/RT) Pbut

Pressure in kPa
	57% conversion, equimolar feeds; 100 te/d C6H10 production

	4
	Propylene partial Oxidation to PO
	C3H6 + ½ O2 => C3H6O
	Rate (kmol/s m3) = 
6.44 exp(-66,000/RT) PPr=

Pressure in kPa
	Produce 1000 te/d with 20% conversion

	5
	Styrene production
	C8H10 -> H2 + C8H8
	Rate (kmol/s m3) = 
34.6 exp(-91,290/RT) PEB
Pressure in kPa
	1000 te/d styrene at 70% conversion

	6
	Cumene production
	C3H6 + C6H6 => C9H12
	Rate (kmol/s m3) = 
3300 exp(-104,170/RT) PPr *  PBz
Pressure in kPa
	Produce 500 te/d with 60% conversion

	7
	Toluene hydro-dealkylation
	C7H8 + H2 => C6H6 + CH4
	Rate (kmol/s m3) = 
1100 exp(-148,000/RT) PTol
Pressure in kPa
	750 te/d at 70% conversion

	8
	ethylene hydrogenation
	C2H4 + H2 => C2H6
	Rate (kmol/s m3) = 
1325 exp(-55,730/RT) PH2

Pressure in kPa
	250 te/d at 60% conversion

	9
	Benzene ethylation
	C6H6 + C2H4 => C8H10
	Rate (kmol/s m3) = 
10.8 exp(-87,000/RT) PEt

Pressure in kPa
	400 te/d at 50% conversion

	10
	Toluene Disproportionation
	2 C7H8 => C6H6 + C8H10
	Rate (kmol/s m3) = 
21.3 exp(-69,500/RT) PTol
Pressure in kPa
	Consume 350 te/d of toluene at 75% conversion

	11
	benzene hydrogenation
	C6H6 + 4H2 => C6H14 
	Rate (kmol/s m3) = 
5.75 exp(-51,880/RT) PH2

Pressure in kPa
	100 te/d – 60% conversion

	12
	Butene dimerization
	2 C4H8 => C8H16
	Rate (kmol/s m3) = 
1640 exp(-98,000/RT) PBu
Pressure in kPa
	500 te/d at 50% conversion

	13
	dimethyl ether synthesis
	2 CH3OH => DME + H2O
	Rate (kmol/s m3) = 
3.4 exp(-60,100/RT) PMe
Pressure in kPa
	250 te/d at 60% conversion

	14
	cyclohexane ring opening
	C6H12 + H2 => C6H14
	Rate (kmol/s m3) = 
614 exp(-36,000/RT) PCH
Pressure in kPa
	150 te/d at 30% conversion

	15
	EDC to VCM
	C2H4Cl2 => C2H3Cl + HCl
	Rate (kmol/s m3) = 
2.22 exp(-85,900/RT) PEDC
Pressure in kPa
	100 te/d at 50% conversion

	16
	Propylene dimerization
	2 C3H6 => C6H12
	Rate (kmol/s m3) = 
1400 exp(-158,800/RT) PPr
Pressure in kPa
	produce 100 te/d of dimer at 60% conversion


	17
	Isopropanol dehydrogenation
	i-C3H8O => (CH3)2CO + H2
	Rate (kmol/s m3) = 
84.4 exp(-72,380/RT) Pipr

Pressure in kPa
	Produce 800 te/d with 30% conversion

	18
	Ethylene chlorination to EDC
	C2H4 + Cl2 => C2H4Cl2
	Rate (kmol/s m3) = 
544 exp(-103,000/RT) PCl

Pressure in kPa
	produce 500 te/d of EDC at 60% of conversion.

	19
	cyclohexene production


	C2H4 + C4H6 => C6H10
	Rate (kmol/s m3) = 
962 exp(-115,000/RT) PEt

Pressure in kPa
	38% conversion, 1.5:1 feed ratio; 75 te/d production

	20
	Propylene partial Oxidation to PO
	C3H6 + ½ O2 => C3H6O
	Rate (kmol/s m3) = 
6.44 exp(-72,000/RT) PPr=

Pressure in kPa
	Produce 250 te/d with 30% conversion

	21
	Styrene production
	C8H10 -> H2 + C8H8
	Rate (kmol/s m3) = 
34.6 exp(-91,290/RT) PEB

Pressure in kPa
	500 te/d styrene at 75% conversion

	22
	Cumene production
	C3H6 + C6H6 => C9H12
	Rate (kmol/s m3) = 
3300 exp(-104,170/RT) PPr *  PBz

Pressure in kPa
	Produce 300 te/d with 40% conversion

	23
	Toluene hydro-dealkylation
	C7H8 + H2 => C6H6 + CH4
	Rate (kmol/s m3) = 
1100 exp(-148,000/RT) PTol

Pressure in kPa
	Produce 250 te/d at 75% conversion

	24
	ethylene hydrogenation
	C2H4 + H2 => C2H6
	Rate (kmol/s m3) = 
1325 exp(-55,730/RT) PH2

Pressure in kPa
	Produce 500 te/d at 70% conversion

	25
	Benzene ethylation
	C6H6 + C2H4 => C8H10
	Rate (kmol/s m3) = 
10.8 exp(-87,000/RT) Pet

Pressure in kPa
	Produce 200 te/d at 60% conversion

	26
	Toluene Disproportionation
	2 C7H8 => C6H6 + C8H10
	Rate (kmol/s m3) = 
21.3 exp(-69,500/RT) PTol

Pressure in kPa
	Consume 700 te/d of toluene at 50% conversion

	27
	benzene hydrogenation
	C6H6 + 4H2 => C6H14 
	Rate (kmol/s m3) = 
5.75 exp(-51,880/RT) PH2

Pressure in kPa
	Produce 300 te/d at 75% conversion

	28
	Butene dimerization
	2 C4H8 => C8H16
	Rate (kmol/s m3) = 
1640 exp(-98,000/RT) PBut

Pressure in kPa
	Produce 200 te/d – 75% of conversion

	29
	dimethyl ether synthesis
	2 CH3OH => DME + H2O
	Rate (kmol/s m3) = 
3.4 exp(-60,100/RT) PMe

Pressure in kPa
	Produce 400 te/d at 60% of conversion

	30
	cyclohexane ring opening
	C6H12 + H2 => C6H14
	Rate (kmol/s m3) = 
614 exp(-36,000/RT) PCH

Pressure in kPa
	Produce 125 te/d at 40% of conversion

	31
	EDC to VCM
	C2H4Cl2 => C2H3Cl + HCl
	Rate (kmol/s m3) = 
2.22 exp(-85,900/RT) PEDC

Pressure in kPa
	Produce 75 te/d at 50% of conversion

	32
	Propylene dimerization
	2 C3H6 => C6H12
	Rate (kmol/s m3) = 
1400 exp(-158,800/RT) PPr

Pressure in kPa
	Produce 150 te/d of 40% conversion

	33
	Isopropanol dehydrogenation
	i-C3H8O => (CH3)2CO + H2
	Rate (kmol/s m3) = 
84.4 exp(-72,380/RT) Pipr

Pressure in kPa
	Produce 250 te/d with 60% conversion

	34
	Ethylene chlorination to EDC
	C2H4 + Cl2 => C2H4Cl2
	Rate (kmol/s m3) = 
544 exp(-103,000/RT) Pet

Pressure in kPa
	produce 400 te/d of EDC at 40% conversion.

	35
	cyclohexene production


	C2H4 + C4H6 => C6H10
	Rate (kmol/s m3) = 
962 exp(-115,000/RT) Pbut

Pressure in kPa
	40% conversion, equimolar feeds; 200 te/d C6H10 production

	36
	Propylene partial Oxidation to PO
	C3H6 + ½ O2 => C3H6O
	Rate (kmol/s m3) = 
6.44 exp(-73,000/RT) PPr=

Pressure in kPa
	Produce 100 te/d with 50% conversion

	37
	Styrene production
	C8H10 -> H2 + C8H8
	Rate (kmol/s m3) = 
34.6 exp(-91,290/RT) PEB

Pressure in kPa
	1000 te/d styrene at 50% conversion

	38
	Cumene production
	C3H6 + C6H6 => C9H12
	Rate (kmol/s m3) = 
3300 exp(-104,170/RT) PPr *  PBz

Pressure in kPa
	Produce 750 te/d with 50% conversion

	39
	Toluene hydro-dealkylation
	C7H8 + H2 => C6H6 + CH4
	Rate (kmol/s m3) = 
1100 exp(-148,000/RT) PTol

Pressure in kPa
	Produce 500 te/d at 60% conversion

	40
	ethylene hydrogenation
	C2H4 + H2 => C2H6
	Rate (kmol/s m3) = 
1325 exp(-55,730/RT) PH2

Pressure in kPa


	Produce 500 te/d at 50% conversion

	41
	Benzene ethylation
	C6H6 + C2H4 => C8H10
	Rate (kmol/s m3) = 
10.8 exp(-87,000/RT) PEt

Pressure in kPa
	Produce 200 te/d at 50% conversion

	42
	Toluene Disproportionation
	2 C7H8 => C6H6 C8H10
	Rate (kmol/s m3) = 
21.3 exp(-69,500/RT) PTol

Pressure in kPa
	Consume 500 te/d of toluene at 50% conversion

	43
	benzene hydrogenation
	C6H6 + 4H2 => C6H14 
	Rate (kmol/s m3) = 
5.75 exp(-51,880/RT) PH2

Pressure in kPa
	Produce 400 te/d – 50% conversion

	44
	Butene dimerization
	2 C4H8 => C8H16
	Rate (kmol/s m3) = 
1640 exp(-98,000/RT) PBu

Pressure in kPa
	Produce 100 te/d at 75% conversion

	45
	dimethyl ether synthesis
	2 CH3OH => DME + H2O
	Rate (kmol/s m3) = 
84.4 exp(-72,380/RT) Pipr

Pressure in kPa
	Produce 250 te/d at 60% conversion

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	MTBE synthesis
	CH3OH + C4H8 => C4H9-O-CH3
	power law

(mol/g hr)

A = 2.56e4

Ea = 10.141 kcal/mol

exponent = 1 (both), 

conc = mol/L
	150 te/d at 90% of equilibrium yield (T max – 363K)

	
	
	
	
	


