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Homework #1Homework #1

Solve the Problems in Chapter 1:

5. Ozone Depletion Potential of Substitute 
Refrigerants

(hint: read page 12 carefully)(hint: read page 12 carefully)

Due date: March 17, 2011



Homework #2Homework #2Homework #2Homework #2

Problem 2-5 (a), (b), (c) and (d)

Choice of a Safe Solvent for Photo-resist
which consists of an acrylate monomer,
polymeric binder and photo-initiatorpolymeric binder, and photo-initiator.

D d t M h 31 2011Due date: March 31, 2011



Homework Homework #3#3

ProblemProblem

1 Provide definitions for the following terms1. Provide definitions for the following terms
a) pollution prevention
b) source reduction 
c) in-process versus on-site versus off-site recycling) p y g
d) waste treatment 
e) disposale) disposal 
f) direct release



Homework #4Homework #4

Further Reading in Engineering EthicsFurther Reading in Engineering Ethics

- Process safety and environmental protection are not 

the only responsibilities of professional engineers. 

Engineers also have responsibilities to clients, to 

colleagues and to the professions.

AIChE Web http://www.aiche.org/membership/ethics.htm

Problems 4-1 by April 6



Homework #5Homework #5

Problems

5-1. 
5-4  5-4. 

Due date: April 21, 2011



Homework #6Homework #6Homework #6Homework #6

P bl  Problem 7-1

Due on April 30  2011Due on April 30, 2011



Homework #7

Problem 8-1Problem 8 1

Due on May14  2011Due on May14, 2011



Homework Homework Solution #1Solution #1

Ozone Depletion Potential of Substitute Refrigerants

A discussed in chapter 1, bromine is a much more potent ozone depletion
substance compared to chlorine on a per atom basis Fluorine is thought to havesubstance compared to chlorine on a per-atom basis. Fluorine is thought to have
no adverse ozone depletion effects. Therefore, substituting fluorine for chlorine
on alternative refrigerants would help solve the ozone depletion problem. On the
other hand, fluorine on hydrocarbon refrigerants is a potent greenhouse gas and
fluorinated compounds have been found to accumulate in the body fat of animals
as far away as the arctic well away from any known sources of theseas far away as the arctic, well away from any known sources of these
compounds. Apparently the persistence of these fluorinated compounds
combined with atmospheric transport over long distances creates exposure to
these remote creatures.



Homework solution  Homework solution  #2#2

5. Choice of a Safe Solvent for a Photoresist
) C id i h d d k f

a) Rank solvents based on toxicity from higher to 
lower hazard

c) Considering hazard and exposure, rank from 
higher to lower risk
If we take the inverse of the PEL as a measure of 
potential hazard and multiply by the vapor 

PEL (ppm)
diethylemine 25
monomethyl ether 25
furfuryl alcohol 50

p p y y p
pressure (a measure of exposure), we could 
estimate the overall risk potential by inhalation.

1/PEL Vapor Pressfurfuryl alcohol 50
n-butyl acetate 150
methyl ethyl ketone 200
ethyl acetate 400

1/PEL • Vapor Press.
diethylemine 1/25 • 30.1 = 1.20
methyl ethyl ketone 1/200 • 12.1 = 0.06
monomethyl ether 1/25 • 1.3 = 0.05

b) Rank from higher to lower exposure potential 
using vapor pressure

ethyl acetate 1/400 • 12.6 = 0.03
n-butyl acetate 1/150 • 1.3 = 0.009
furfuryl alcohol 1/50 • 0.1 = 0.002

using vapor pressure

Vapor Press. (kPa @ 25˚C)
diethylemine 30.1

Furfural alcohol is the solvent with the lowest risk. 

d) To lower the risk even more, process 
ethyl acetate 12.6
methyl ethyl ketone 12.1
monomethyl ether 1.3
n-butyl acetate 1 3

modifications could be placed on the integrated 
circuits fabrication process to reduce the amount 
of vapor generated and to collect and recover any 
vapors prior to exposure to workersn butyl acetate 1.3

furfuryl alcohol 0.1
vapors prior to exposure to workers.



Homework solution #3Homework solution #3
a) pollution prevention: Any act of source reduction, in-process recycle, on-site recycle, and off-site

l h d h f l d h h d h i i f h l hi hrecycle that reduces the amounts of releases and the hazardous characteristics of those releases which
ultimately reach the environment.
b) source reduction: Any modification of a manufacturing process or of production procedures which
red ces the amo nt of components entering a aste stream or the ha ardo s characteristics of thosereduces the amount of components entering a waste stream or the hazardous characteristics of those
components entering waste streams prior to recycle, treatment, or disposal.
c) in-process versus on-site versus off-site recycle: In-process recycle is the recovery and return of
components that would otherwise become waste to the process unit where these components werecomponents that would otherwise become waste to the process unit where these components were
generated, usually immediately after they are generated. Examples would be unconverted reactants
leaving a reactor that are separated and returned to the reactor inlet. On-site recycle is the recovery of
valuable stream components using process units within the same facility where those components werevaluable stream components using process units within the same facility where those components were
generated. Off-site recycle is the recovery of valuable components at a remote location from waste
streams generated at a facility and the return of the valuable components to the facility.
d) waste treatment: Any process that renders a waste stream less hazardous prior to disposal or directd) waste treatment: Any process that renders a waste stream less hazardous prior to disposal or direct
release through physical, biological, or chemical means. Examples are primary, secondary, and tertiary
wastewater treatment, adsorption of volatile organic compounds from air, and landtreatment of
petroleum hydrocarbon sludges from tank bottoms.p y g
e) disposal: Long-term isolation of raw or treated waste components in a secured landfill. Examples
include landfills for domestic and industrial hazardous and non-hazardous waste.
f) direct release: The direct release of components from processes to the air, land, or water. An example
of this includes the release of volatile organic compounds from fugitive emission sources in chemical or
petroleum refinery processes (from valves, fittings, pumps, flanges, connectors, etc.).



Homework solution #4Homework solution #4

Inherently Safer Design Concepts Pollution Prevention Concepts

I t t d t t hi l f h d I t t d h i l f h dIntent: reduce catastrophic releases of hazardo
us chemicals and the hazards of those releases 
by modifying the process to eliminate the sour
ce of those hazards within the process

Intent: reduce chronic releases of hazardous c
hemicals and the hazards of those releases by 
modifying the process to make them more effi
cient at using energy and massce of those hazards within the process.  cient at using energy and mass.  

Minimize: reduce the inventory of hazardous c
hemicals within the process.

Source Reduction: reduce the generation and r
elease of hazardous wastes from a process.

Substitute: replace hazardous materials with sa
fer chemicals to reduce impacts of catastrophic 
releases.

Material Substitution: replace hazardous mater
ials or materials that use excessive energy with 
more benign materials.  g

Moderate: Use less hazardous conditions to les
sen the impacts of any catastrophic releases.

Process/Procedure Modifications: change proc
ess conditions to reduce waste generation and 
energy consumptionenergy consumption. 

Simplify: design facilities to be less complex a
nd less error prone, and forgiving of any errors 
h d

Process Modification: change the process contr
ol strategy to more precisely achieve the desire
d i di ithat are made.  d operating conditions.  



Homework Homework solution #5solution #5



Homework Homework solution #5solution #5



Homework Homework solution #5solution #5



Homework Homework solution #5solution #5



Homework Homework solution #6solution #6



Homework Homework solution #6solution #6



Homework Homework solution #6solution #6



Homework solution #7



Homework solution #7


