
Ammonia Synthesis



About Me

Teaching Philosophy

• Teaching/Learning is a two-way exchange of knowledge 

and a close interaction between a teacher and a student

• How do we learn? An old proverb captures the essence 

of learning process - I hear and I forget; I see and I 

remember; I do and I understand.remember; I do and I understand.

• Though I am very much doubtful about my ability,  Ask 

question;  Rationalize your answers.

"Active inquiry, not passive absorption, is what 

engages students.  It should pervade the curriculum"

"Active inquiry, not passive absorption, is what 

engages students.  It should pervade the curriculum"

Johnson, Spalding, Paden 
& Ziffen, 1989



• In this course, emphasis is placed on deeper understanding 

and learning more information about both Fertilizer and 

Pulp and paper technology.

• Understanding of engineering concepts.

On learning and securing good marks 

• Assessment will be based on understanding  process and 

depth of engineering concepts. (Memorizing power?)



Code of Conduct

• Turn off your cell phone when you enter the classroom

• Keep the internal discussions to a minimum

– Background chattering noise is distracting for the instructor and eventually to 
classmates

– If you have something interesting to share, share it with the whole class

• If you are sleepy, your bed may provide a better environment for rest • If you are sleepy, your bed may provide a better environment for rest 
than the classroom chair



What I expect of you

General Expectations

• Help each other understand the course material

• Ask question whenever something is not clear to you

• Perform all assigned reading on time

• Arrive on-time for class

• Be courteous to each other and to me

• Provide me with feedback/suggestion – on how the course and my • Provide me with feedback/suggestion – on how the course and my 
delivery can be improved

• Revise the materials you have learnt in previous course (ChE 308)



What you can expect of me

• Treat each question or concern seriously and answer 
these to the best of my ability

• Treat each of you with courtesy and respect



Check the website for course notes and other 
announcements

http://teacher.buet.ac.bd/mahammad/http://teacher.buet.ac.bd/mahammad/



Ammonia Synthesis

Textbook:    No textbook

Reference book:

1. Fertilizer Manual – UNIDO1. Fertilizer Manual – UNIDO

2. Ammonia Principles and Industrial practice – Max Appl, Wiley VCH 1999.

3. Fertilizer production in context of BD – Dr. Dil Afroza Berum, (Should be 

available in ChE library)  

4. Manuals, Brochures and Leaflets of different Process Licensors, Etc.

Name of other resources will be informed when needed







Basic steps or works involved in establishing any 

chemical plants











Block diagram of 

UDHE ammonia 

Ammonia Production Via Steam Reforming

UDHE ammonia 

plant Via steam 

reforming



Options for generating Options for generating 

and purifying SynGas



Relative ammonia plant investment and relative 

energy requirement for 1800 t/d NH3

NG Naptha Fuel oil Coal

Relative 

Investment

1 1.15 1.5 2.5

Relative specific 1 1.1 1.3 1.7Relative specific 

energy 

requirement

1 1.1 1.3 1.7

For the natural gas based plant the current best

value of relative energy requirement is  28 GJ/t NH3, is used.



Production and consumption figures per metric ton of 

ammonia















Kinetic Aspects

Reaction rate for NH3 

synthesis. 

Dependence  on the 

temperature at various 

pressure.



Basic Features of Ammonia Synthesis Loop

� Limited by unfavorable thermodynamic condition(25%-35%)

- Ammonia is separated by condensation from unreacted gas

- Unconverted gas is supplemented by fresh synthesis gas 

and is recycled back to converter

- The concentration of the inert gases  (CH , Ar) is controlled - The concentration of the inert gases  (CH4, Ar) is controlled 

by a small continuous purge gas   

� Properties of synthesis catalyst and Mechanical restrictions 

govern the design of ammonia converter and layout of synthesis 

loop

� Evaluation criteria are energy consumption, investment and 

reliability



Synthesis loop configurations

Figure: Schematic 
flow diagrams of 
typical ammonia 
synthesis loops

a) Ammonia 
converter with 
heat exchangers 

b) Ammonia 
recovery by 

B) Product recovery after b) Ammonia 
recovery by 
chilling and 
condensation 

c) Ammonia 
recovery by 
condensation at 
ambient 
temperature

d) Synthesis gas 
compressor

e) Recycle 
compressor

A) Synthesis loop for pure and dry 

makeup gas

B) Product recovery after 

recycle compression

C) Product recovery before 

recycle compression (four-

nozzle compressor design D) Two stages of product Condensation





KAFCO’s synthesis and refrigeration loop





Uhde’s Synthesis and refrigeration loop

Example: SAFCO IV; ZFCL is similar but 1 reactor



Ammonia Converter













Reactor for Ammonia Synthesis

Uhde’s latest



Performance of converter

• Optimum pressure 150-250 bar

Figure: performance of a 4 bed quench converter as a function of operating 

pressure with space velocity(per hour) as parameter, 10% inert in the gas.



Performance of converter

• Inert content 0-15 vol%. 

Figure: Performance of a converter as a function of inlet inert gas (CH4 and  Ar) content  

with space velocity (per hour) as parameter, inlet NH3 content is 3.5%; 30 MPa pressure; 

catalyst particle size is 6 - 10 mm.



Performance of converter

• Oxygen content , not more than 10 ppm in make up 

gas or 3 ppm in the converter inlet.

Figure: Performance of a converter as a function of oxygen content (all oxygen-

containing impurities)  in the inlet synthesis gas



Performance of converter

• Optimum H2/N2 ratio is 2 at high space velocity (SV) 

and 3 at low space velocity. (12000-35000)


