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Tutorial 2 
 

 

Use Aspen Plus V8.8 to solve all the problems. 
 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 1 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Add components: 
Nitrogen 

 

Hydrogen 
Ammonia 



 
 
 
 
 
 
 
 
 
 

 

Base method: IDEAL 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Select RGibbs and 
 

Rename streams. 



 
 
 
 
 
 
 
 
 
 
 
 

 

Feed condition: 
Temp = 450 K 

Pressure = 4 bar 

Stoichiometric amounts of N2 and H2 

N2 = 0.5 kmol/hr 
H2 = 1.5 kmol/hr 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

Reactor conditions: 
Temp = 450 K 

 

Pressure = 4 bar 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Extent of reaction, X: 0.626 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

Feed condition: 

Stoichiometric amounts of N2 and H2 

Equal amount of inert (Argon) and N2/H2 

N2 = 0.5 kmol/hr 
H2 = 1.5 kmol/hr 
Ar = 2.0 kmol/hr 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Extent of reaction, X: 0.477 



 
 
 
 
 
 
 
 

 

Sensitivity Analysis 
 
 
 

 

To study the effect of temp. and press. on ammonia yield 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

Feed condition 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

Reactor condition 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Streams Results 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Click on “Sensitivity” 



 
 
 
 
 
 
 
 
 
 
 
 

 

Click on “New” 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Vary” 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable = 1 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Type = Block-Var 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Block = Reactor 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Variable = TEMP 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Lower and Upper Temp. 
 

Increment = 50 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Define” 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

“NH3” 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 “Streams” 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Mole-Flow” 
 

“Kmol/hr” 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

“PRODUCT” 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 “AMMON-01” 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Tabulate” 



 
 
 
 
 

 

Right click in this box 
and 

Select variable List 
 
 
 
 
 
 
 
 

 

Column No. = 1 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Select “NH3” 
and 

 

drop in this box. 





 
 
 
 
 
 
 

 

Reset and Run the simulation 
 
 
 
 
 

 

 Results available at “Model Analysis Tools” 



 
 
 
 
 
 
 
 

 

You can select the data and plot 
In excel/origin/sigma plot. 

 
 
 
 
 
 
 
 
 

Aspen also has inbuilt feature to plot the data. 





 
 
 
 
 
 
 
 
 

 

Aspen generated graph. 



 
 
 
 
 
 

 

You can also edit the graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Select X-axis and make the changes as per requirement. 



 
 
 
 
 
 
 
 
 
 

 

Select graph and you can access the above editors. 



 
 
 
 
 
 
 
 

 

You can also copy the graph by right click on the window and 
 

paste it anywhere such as in document file. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Now, repeat the above steps for pressure sensitivity analysis. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Make selections/enter values as shown. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Make selections/enter values as shown. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Make selections/enter values as shown. 



 
 
 
 
 
 
 
 
 

 

NH3 production w.r.t. pressure. 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

NH3 production Vs. pressure. 



Effect of Temp. and Pressure on NH3 yield. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 2 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Add components: 
n-butane 
i-butane 

 

i-pentane 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Base Method: PENG-ROB 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Select RPlug and 
 

Rename streams. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Feed conditions 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Reactor conditions: Adiabatic reactor 



 
 
 
 
 
 
 
 
 
 
 

 

We don’t know the reactor dimensions. 
 

Assume, Length = 1000 m and Diameter = 0.1 m 
 
 
 

 

Process stream = Liquid-only 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Reactions 









 
 
 
 
 
 
 
 
 
 
 
 
 

 

Select 
“New” 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Kinetic parameters for 
 

n-butane -> i-butane 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Kinetic parameters for 
 

i-butane -> n-butane 



 
 
 
 
 
 
 
 
 
 
 
 

 

 Available reactions 



 
 
 
 
 
 
 
 
 
 
 
 

 

Selected reactions 
 
 
 
 
 

Run the simulation. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

% Maximum conversion =  
(144-40.74) * 100/144 = 71.7 % 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Various Plots 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Temp. profile along the length of the reactor. 



 
 
 
 
 
 
 
 
 
 
 

 

For 70% conversion, composition of product. 
 

 Feed Product  

 kmol/h kmol/h Composition 

 160 160  

n-butane 144 43.2 27.0 

i-butane 0 100.8 63.0 

i-pentane 16 16 10.0 

 
 

 

Length ~ 400 m with 
0.1 m dia. gives 70% 

conversion. 

Vol. of reactor = 3.14 m3. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Composition profile along the length of the reactor. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Repeat the above steps for CSTR. 





 
 
 
 
 
 
 
 
 
 
 

 

CSTR specification. 
 

 

Adiabatic reaction. 
 
 

 

Assume reactor volume = 1 m3 



 
 
 
 
 
 
 
 
 

 

% conversion = 
(144-96.93) * 100/144 = 32.7 % 

i.e. Reactor volume of 1 m3 gives only 33% 
conversion. 



 
 
 
 
 
 
 
 
 
 
 
 

 

To find the CSTR reactor volume for 70% conversion, we 
will use “Design Specs” feature of Aspen Plus. 











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Make selections as shown. 



 
 
 
 
 
 
 
 
 

 

For 70% conversion, n-butane in product 
 

stream will be 43.2 kmol/hr. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Make selections as shown. 
 
 
 
 
 
 

Run the simulation. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Required volume of CSTR = 20.7 m3 for 70% conversion. 



Reactor Volume (m3) 

PFR 3.14 
  

CSTR 20.7 
  

 
 
 
 
 

 

For 70% conversion, CSTR volume is approx. 6.6 times PFR. 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

THE END 


