
EngrD 2190 – Lecture 3

Concept:  Design – Creative Problem Solving, Part 1
Design is sequential problem solving.
Must define the real problem at each step.

Context:  Strategies for Separations – purifying Br2 (not in textbook)

Defining Questions:  
What are our options for separating chemical substances?

Today’s lecture is not in the textbook, but it involves the
same concepts as the heptane purification – section 2.2.1

Read Chapter 2, pp. 25-42.



EngrI 1120 and EngrD 2190

50 of the 68 freshmen in EngrI 1120 in Fall 2024
are enrolled in EngrD 2190 Fall 2025 – 74% retention

The enrollment in EngrD 2190 is 86.

Benefits of EngrI 1120:

36 in EngrD 2190 (42%) did not take EngrI 1120

Know some peers.

Learned core concepts and skills of ChemE.

Had a favorable reaction to ChemE.



EngrD 2190 – First Team Assignments – Fall 2025



Collaborative Learning – Homework Teams
Teamwork, coordination, and execution are all crucial skills for engineers, regardless of which
field or industry one goes into.  Each person within the team has diverse ideas. There should
be discussions, healthy disagreements, and efforts to bounce ideas off each other. One should
always keep an open mind and combine all the beneficial ideas into one final product; this
attitude is truly the essence of collaboration.                                                TA Kong Chen (‘26)

Always show respect to your team members. You will see these people everyday for the next
three years, and everyone has their own unique strengths and weaknesses.  EngrD 2190 is a
great opportunity to learn how to work effectively in teams with people from different back-
grounds and maintaining a level of respect is the first step to being successful  TA James Chen (‘26)

The collaborative learning you do in your homework teams as well as the calculation sessions 
gives great experience for the future ChemE classes as well as your work in the professional
world.  Different perspectives are so important to the process of scientific discovery and
being able to compromise and combine differing ideas will lead to success.
You may also meet the next Robert Langer!                                            TA Liam Gillespie (‘26)

Take the time to meet and work with your classmates.  I met many of my closest friends in
ChemE in EngrD 2190.  Also, be open to new perspectives and opinions.  This class is very
design-heavy, which creates opportunities for creativity and multiple valid solutions.
Sometimes you and a teammate may disagree, but both answers can still be correct,
so be open to that.                                                                                               TA Amy Wu (‘26)



Homework 1
Homework 1 due Friday 9/5:

Process Analysis: 2.7.
Process Design:  2.24 and 2.25 (A only).

Read process design guidelines on p. 57.
See table of physical data on pp. 86-7.
You may assume perfect gas-solid separations;
no solids in the gas stream and no gas in the solids stream.

Submit after lecture next Friday or deliver to the EngrD 2190 mailbox
in the hallway across from 111 Olin Hall.  Not to my mailbox.

Work in teams.  Submit one solution set per team.

Homework is your chief means of assessing your command of the material.

Do not copy from other sources, such as graded homework and posted
solutions from previous years.

Do not use past solutions to check your answers. Process analysis
is part of process design.  You should be developing methods of 
assessing your designs.



Homework Guidelines



Homework Guidelines – The Rules



Cooperative Learning

For Homework 1,
coordinator is first
person listed on
team assignments



Study/Work Rooms Near Olin Hall

Visit at least once



Sources for Homework Help
Office Hours

In Class

On Line

You all have
card key access

to Olin Hall



Learning Skills

Learn by doing, not by watching.

Peanuts by Charles Schulz, March 07, 1982



Lecture 3: Options for Separations and Defining the Real Problem

Highly pure bromine is used as a solvent in the manufacture of a specialty chemical.

Br2 (99.9999 wt%)

Br2 (98 wt%)
Cl2 (2 wt%)
CHCl3 (0.03 wt%)specialty

chemical
process

We wish to recycle the bromine waste stream.

Problem: Separate Br2 from Cl2 and CHCl3.

First Guess?  Liquid-Gas Separation!



Problem: Separate Br2 from Cl2 and CHCl3.  Liquid-Gas Separation?

20°C: Br2 solid
Cl2 gas
CHCl3 liquid

Too close for <1 ppm purity.

Solid-Liquid Separation?
Gas (red = hot)
Liquid
Solid



Aside:  Gas-Liquid Separation vs Liquid-Solid Separation

Gas-Liquid Separation Liquid-Solid Separation

gas density  0.001  liquid density
Bubbles rise quickly.

solid density  1.2  liquid density
Solids settle slowly.

no gas in liquid phase
no liquid in gas phase

Gas-liquid separation is ‘clean.’

no solids in liquid phase (eventually)
liquid in granular solid phase

Liquid-solid separation is not ‘clean.’
Must deal with wet solids.

Easy to pump gases and liquids. Difficult to ‘pump’ solids.
conveyor?

auger or extruder?



Stages and Styles of Learning



Perception



Perception



Problem: Separate Br2 from Cl2 and CHCl3

Br2
Cl2
CHCl3

solid-
liquid-gas
separator
20°C

Cl2 (gas)

CHCl3 (liquid)    

Br2 (solid) wet with CHCl3 liquid.

Problem: Dry the solid Br2 wet with liquid CHCl3.

Redefined Problem: Replace liquid CHCl3 with an acceptable liquid;
wash the solid Br2.

Criteria for an acceptable washing liquid:
Must be easy to separate from Br2. 
Must be a liquid below 7ºC.  
Must not react with Br2.  

or need not be separated from Br2.

or the product of the reaction can be reconverted to Br2.

Wash the solid Br2 with liquid Br2.



Process to Separate Br2 from Cl2 and CHCl3

Br2
Cl2
CHCl3

solid-
liquid-gas
separator
20°C

Cl2 (gas)

Br2 (solid)
wet with
liquid CHCl3 

CHCl3 (liquid)    

washer
(rinser)
7°C

Br2 (solid)
Br2 (liquid) melter

7°C
Br2 (liquid)

Br2 (liquid)

Br2 (liquid)

Br2 (liquid)
CHCl3 (liquid) Recycle? Yes!

CHCl3 enters the washing process, 
but CHCl3 never leaves the washing process!

CHCl3 enters the process,  
and CHCl3 leaves the process!



Return to Original Design Challenge
Highly pure bromine is used as a solvent in the manufacture of a specialty chemical.

Br2 (99.9999 wt%)

Br2 (98 wt%)
Cl2 (2 wt%)
CHCl3 (0.03 wt%)specialty

chemical
process

We wish to recycle the bromine waste stream.

Problem: Separate Br2 from Cl2 and CHCl3.

Redefined Problem: Produce Highly Pure Br2.

Original problem statement implied we must preserve Cl2 and CHCl3.  
Cl2 and CHCl3 are expendable.  Convert Cl2 and CHCl3 to easily 
separable substances.

Separation by chemical reaction!



Separation by Chemical Reaction

Br2
Cl2
CHCl3
reactant

reactant
Br2
Cl2
CHCl3

reactor

Br2
Cl2
reaction product(s)
unreacted reactant
no CHCl3

Criteria for an acceptable reactant:

Should not react with Br2.

Should convert CHCl3 into a substance easily separable from Br2.

Should completely consume CHCl3.

Should be easily separable from Br2.



Separation by Chemical Reaction

reactor
250°C

Br2 (98%)
Cl2 (2%)
CHCl3 (0.03%)

Br2 (98%)
Cl2 (2%)
CHBr3 (0.03%) liquid-gas

separator
20°C

Br2
CHBr3

Cl2 (g)

liquid-gas
separator

70°C

Br2 (g)

CHBr3 (liq)   



Defining Question: Options for separating substances?

1.  Phase:  separate liquid and gas

2.  Phase:  separate solid and liquid.

3.  Chemistry:  exploit different reactivities.



Problem Redefinition

Following periods of political instability during the 1980s and 1990s, Portugal had
the highest drug use rates in the world; one in ten Portuguese citizens were heroin
users at the country's lowest point. The rate of HIV infection was the highest in the
European Union and drugs were imported in staggering amounts.

Problem: Stop the importation of drugs into Portugal.

Real Problem: Reduce drug use among Portuguese citizens.  

from TA Francis Ledesma, Cornell ChemE Class of ‘19

In 2001, Portugal decriminalized the possession and consumption of all illicit
substances. Rather cracking down on and punishing drug users, Portugal
created care facilities to treat users and help them overcome their addictions.
Drug use plummeted, as well as HIV infection rates, overdose deaths, and
crime overall. 

PhD UC Berkeley, 2024

Post-Doctoral Scholar, Active-Learning Initiative
Cornell 2024-26



Problem Redefinition
Wildfires are a natural feature of the dry climate typical of the Western United
States. Before humans claimed this land, there were frequent low-intensity fires
which cleared brush and activated new growth. These fires are an essential part
of a healthy ecosystem.

98% of all fires are stopped before they get bigger than 300 acres, to protect small
towns. This leads to an unintended consequence; when fires do catch, there is more
fuel for the fire in the dense undergrowth and fires that evade containment can be
extremely destructive. 

Problem: Prevent wildfires through more persistent fire-fighting efforts.

Real Problem: Prevent the destruction caused by large-scale wildfires.

from TA Olivia Young, Cornell ChemE Class of ‘19

This redefined problem statement encompasses improved fire-fighting and affords
more solutions, such as:
1. Allow small-scale fires to burn or even set "prescribed" fires, to reduce fuel for larger fires.
2. Mechanical Thinning: clear out excess undergrowth to remove fuel for the fires. 

PhD program in Medical Engineering, MIT

Venture Creation Associate at Flagship Pioneering



Problem Redefinition
The Federal Emergency Management Agency (FEMA) executes an emergency response
after a hurricane strikes. FEMA evaluates a hurricane’s impact on a community to ensure
people receive essential resources like food and water.  FEMA classifies the infra-structure
in communities in three categories: operating, affected, and destroyed. It is imperative that
FEMA assesses the damage to infrastructure as quickly as possible, so people in the most
deeply affected areas receive the earliest and most robust forms of aid.

Real Problem: Determine the impact a hurricane has on a community.

from TA Ameer Basrai, Cornell ChemE Class of ‘18

The redefined problem allows using drones to quickly assess the damage.  FEMA found a
solution called the Waffle House Index.  The agency uses the operating status of Waffle
Houses, a popular 24/7 diner chain in coastal areas, as a measure of infrastructure and
supply chains shortly after a hurricane.  After a hurricane, Waffle Houses are rated as
operating fully, limited operations, and closed. FEMA uses the operations data provided
by Waffle House to aid in assessing damage.  For example, a Waffle House with limited
operations may have a limited menu, telling FEMA that the infrastructure surrounding the
community is affected enough to limit the transport of food, but stable enough to allow
people to drive to the Waffle House.

Editor, CU Nooz
Senior Engineer, Roivant Sciences

Problem: Send teams to canvas door-to-door in an affected area to assess the damage.


