
EngrD 2190 – Lecture 2

Concept:  Designing a Chemical Process –
Unit Operations and Process Flowsheets

Context:  Hydrazine Synthesis (exercise 2.27 – solution is posted)

Defining Questions:  
Why does every recycle loop need a purge?
What is the preferred method for separating substances?

Key Point:  You are not expected to provide the chemical reactions.
Chemical reactions will always be given.

Read Chapter 2, pp. 19-25.
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Collaborative Learning – Homework Teams
Tackling challenges in the ChemE curriculum on your own can be difficult but facing them
together with your teammates makes the process much more rewarding and enjoyable.
It is so inspiring to see how collaborative discussions can spark different ideas, leading to
deeper understanding and more effective solutions. You are not alone!   TA Angel Liang (’26)

Due to its problem-solving nature, EngrD 2190 encompasses a new way of thinking about
processes, thinking that heavily benefits from team collaboration.  There is very rarely only
one ‘right’ answer and arriving at the optimal solution requires iteration through many designs.
Working closely with peers to propose designs not only leads to more creative solutions but
also helps you build a close-knit community within ChemE, which will prove very valuable
throughout the curriculum!                                                                      TA Lara Capellino (’26)

I think collaborating with people with a wide variety of interests in ChemE can be helpful for
developing a broader view of the different fields and career pathways in the major. Try to work
with people that have different experiences and interests from your own throughout the course!

TA Sean McInnis (‘26)
I entered 2190 as someone who never worked with others on homework because I could always
manage on my own.  If you feel this way, this class will likely be a turning point in your academic
career where you must evolve to relying on others for most classes.  You may find this advice trite,
telling yourself, like I did: “Of course I can work in a team. I know how to collaborate with others.”
But do you really? Or will you resist working with others until you are truly stuck?  EngrD 2190 is
an opportunity to set aside ego and lean on each other. If you’re already comfortable with this idea,
take the initiative to reach out and draw others in. If you’re not, treat developing your teamwork
skills as part of the coursework itself.                                                         TA Johnny Lowry (‘26)



Today!



ChemE Welcome-Back Barbecue!
Today (Wednesday) 5-7 p.m. on Olin Hall’s West Lawn.

All ChemE-Affiliated and ChemE-Prospective Undergraduates

and key ChemE Faculty Members and Staff.

Sponsored by Cornell’s Student Chapter
of the American Institute of Chemical Engineers (AIChE)





“Chemical engineers design processes based on chemical change.”

represented by process flowsheets

Every chemical process comprises
discrete steps, called units.  
Units are connected by steams.

Principle of 
Unit Operations.

Unit Operations was the original paradigm
of chemical engineering (ca. 1910).



Exercise 2.27: Synthesis of Hydrazine



How to start the design of a process flowsheet?
Don’t fixate on where to start.  Choose a part of the chemical process and begin.

I like to start with a key reaction.

H2O2 +  2C3H6O  +  2NH3  C6H12N2 +  4H2O

H2O2
C3H6O
NH3

acetazine
synthesis
reactor

C6H12N2
H2O

omit
stoichiometric

coefficients

H2O2
C3H6O
NH3

H2O (solvent)

5 substances in reactor effluent.  Separate into 5 streams?

to second reactor

recycle to first reactor

Separate into 2 streams?

How to separate?  Basis for separation? Gas-liquid separator (preferred method)

What temperatures in the gas-liquid separators?

Need boiling points.



Physical Properties at 1 atm

to 2nd reactor recycle to 1st reactor

H2O
C6H12N2

H2O2NH3 C3H6O

separator 1 separator 2 use excess
NH3 and C3H6O

How many 
separators?

Separator 
temperatures?

• You may assume that if acetone and ammonia are in excess in the acetazine synthesis,
the H2O2 is completely consumed.



Physical Properties at 1 atm

to 2nd reactor recycle to 1st reactor
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Instead of a boiling
point number line,
use phase lines.



Stages and Styles of Learning



Assimiliation



Assimiliation



Return to the process flowsheet …

H2O2
C3H6O
NH3

acetazine
synthesis
reactor

C6H12N2
H2O

H2O2
C3H6O
NH3

H2O (solvent)

to second reactor

recycle to first reactor

(excess)
(excess)



Why purges?

impurity

Impurity
accumulates
in process!

Why make-up
inputs?

Acetone
intermediate
lost in purges!

Visual Assimilation!

Active Processing!

Why no purge
on the lower
recycle loop?

So, is the purge
on the middle
recycle loop
necessary?



Defining Question

Why does every recycle loop need a purge?

“It’s always something.  If it’s not one thing it’s another.”

Gilda Radner, SNL 1978-1980



Stages and Styles of Learning



Processing



Processing



How to design a chemical process?

Start at a key process unit - usually a reactor.

Grow incrementally
by successive problem solving.

Define the real problem.


