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This column provides examples of cases in which students have gained knowledge, insight, and experience in the 
practice of chemical engineering while in an industrial setting. Summer interns and coop assignments typify such 
experiences; however, reports of more unusual cases are also welcome. Description of analytical tools used and the 
skills developed during the project should be emphasized. These examples should stimulate innovative approaches 
to bring real world tools and experiences back to campus for integration into the curriculum. Please submit 
manuscripts to Professor W. J Korns, Chemical Engineering Department, University of Texas, Austin , Texas 78712. 
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The DuPont Design Internship in Pollution Preven­
tion at The University of Tennessee is an honors 
course in which source reduction is incorporated into 

the design of industrial processes. The internship project 
described here focused on future systems for the production 
of HCN and was supported by the DuPont Company. The 
student design team consisted of six chemical engineering 
seniors; it was supported by both faculty and industrial ad­
visors . The output was a design report on HCN processes 
for the future. An important benefit of the activity was the 
intensive process design experience for the students that 
emphasized pollution prevention concepts. 

The design internship proceeds through the following typi-
cal steps for preliminary process synthesis and evaluation: 

• Project definition 

• Flowsheet development 

• Design of equipment sufficiently for cost estimating 

• Economic analysis 

• Reporting 

The activity described here is honors experience in indus­
trial process design where pollution prevention through ba­
sic flowsheet development and equipment selection is em­
phasized rather than the more conventional treatment of 
effluent waste streams. This was the third such internship; 
the course is now a permanent component of the curricu­
lum-a 3-semester-hour alternative to the capstone senior 
design course. Student selection is based on academic 
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achievements and completion of an informal interview. Pro­
viding equal opportunity for all chemical engineering stu­
dents having appropriate prerequisite course work is an im­
portant consideration. 

The chemical engineering faculty involved in this activity 
have typically been one full-time tenured faculty member 
and an emeritus faculty member; other faculty members 
have also been involved. Salary recovery for the full-time 
faculty member and reimbursement of other faculty through 
consulting arrangements or salary recovery is typical. Full 
financial support for the project was provided by DuPont. 

Successful activities such as this one require considerable 
faculty time, and non-tenured faculty should carefully con­
sider whether their involvement will endanger promotion 
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and tenure. Faculty from other departments are 
extremely valuable in helping the students gain 
a suitable working knowledge of a subject that 
is commensurate with their educational back­
ground. Professor G.K. Sweitzer of the UT 
Chemistry Department was quite helpful in the 
current study. Students typically communicated 
frequently with industrial project advisors via e­
mail and fax messages; the industrial project 
advisors for the current study were the DuPont 
authors of this paper. Again , input from the in­
dustrial project advisor is necessary to insure 
that a high quality experience for the students 
and a useful design study be accomplished. 

The focus of the faculty and industrial advi­
sors is providing the necessary conditions and 
support for a student-directed process design 
team. This is usually the student's first signifi-
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cant project involving a team rather than individual effort, and they have 
typically had limited exposure to environmental regulations or waste man­
agement operations. They alternate weekly as group leaders and communi­
cate frequently with their advisors. There are usually three hours a week of 
scheduled group meetings (with faculty advisors present) where goals are 
formulated, accomplishments presented and reviewed, and a few supple­
mental faculty lectures are presented. The students contribute a great deal 
of time to successful conclusion of the projects-similar to the time and 
effort required of a typical engineering capstone design experience. 

PROJECT DEFINITION 

The Andrussow process for HCN production with NH3 recycle was used 
as a base process for cost comparison. Since the details of the actual study 
are proprietary, this discussion will use information on the Andrussow 
process with NHJ recovery from The Encyclopedia of Chemical Technol­
ogyY1 The Andrussow process uses the catalytic reaction 

CtL(g) + NHJ(g) + 1.5 Oi(g) • HCN(g) + 3 H20(g) + 115.2 kcal (1) 

The major steps of the Andrussow process with NH3 recycle are illustrated 
in the block diagram of Figure 1. The HCN synthesis step of 
the Andrussow process was common for all the alternative 
designs considered; this study focused on variations of the 
ammonia recovery step and the HCN refining step. The base 
case process, the Andrussow process with NH3 recycle, is illus-

HCN 
trated more completely in Figure 2. Typical reactor operating 
information and yield are provided in Table l. Figure 2 shows 
unreacted NH3 recovered from the reactor product gas by the 
reversible reaction 

NHJ(g) + H2N1LiP04( l) H H(NH4)2P04( l) (2) 

Figure 1. Block diagram for Andrussow process for HCN 
production with ammonia recycle. 

The forward reaction of Eq. (2) removes NH3 from the reac­
tor product gas while the reverse reaction al lows the recovery 
of NHJ and regeneration of the phosphate solution. 
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TABLE 1 
HCN Production 

by Andrussow Processt 1
1 

Typical Reaction Co11ditio11s 

• Temperature= I 100°C 
• Pressure = 2 atm 
• Prec ious Metal Catalyst 

Typical Off-Gas Compositio11fro111 
Reactor (11101%) 

N2 46.5% 

H,O 15.0% 

H2 22.0% 

HC 8.0% 

co 5.0% 

CO2 0.5% 

CH4 0.5% 

NH, 2.5% 
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The project was initiated at a DuPont HCN production 
facility; the facility was toured, information on HCN pro­
duction was provided, and the ground rules for the project 
were established. Prior to this meeting, the project had been 
selected through discussions involving faculty and DuPont 
personnel, and some introductory material had been given 
to the students. Subsequent projects have used other for­
mats, including a visit to the industrial site later in the 
project and a student presentation on their thoughts about 
the most appropriate design alternatives for the project. 

At the initiation meeting for the current project, some 
alternative designs were suggested and supporting informa­
tion was provided, as available; still other alternative de­
signs were developed by the students later in the study. The 
supporting information included desired product purity, rel­
evant reaction rates and yields, reaction and phase equilibria 
information, by-product forrnation data, operating and pilot 
plant data, and safety and toxicity information. More sup­
porting information was available for some alternative stud­
ies than for others. 

Incorporating pollution prevention techniques in the de­
sign of chemical production facilities leads to processes in 
which non-product streams are either eliminated or have a 
minimal impact on the environment. The focus of the pollu­
tion reduction activities of this study was on aqueous waste. 
The design activity sought to reconfigure the ammonia re­
covery and HCN refining steps while retaining HCN prod­
uct purity and providing aqueous waste streams that could 
be effectively treated with biological techniques. The typi­
cal incineration techniques for off-gas treatment from these 
facilities were retained for this study. Processes based on 
revision of the basic Andrussow process shown in Figure 2, 
as well as developmental and conceptual processes, were 
included in this activity. 

FLOWSHEET DEVELOPMENT 

Much of the nature and the input-output structure of alter­
native flowsheetsl2l may be found from an examination of 
the HCN production reaction and the product gas from the 
reactor. Water is a by-product of this reaction ; the reaction 
does not go to completion so that C~ and NH3 are present 
in the reactor product gas. Both gas and aqueous waste 
streams are likely to be hazardous due to the presence of 
HCN, NH3, sulfates, and phosphates. Recovery and in-pro­
cess recycle of NH3 provide an opportunity for source re­
duction. Additionally, an acidic stabilizer added to the 
stripped HCN, as shown in Figure 2, contributes to the 
aqueous waste from this process step. Recovery and reuse 
of the stabilizer provides a source reduction opportunity. 
Additional components used in the process shown in Figure 
2, such as the H3PO4, were selected based on the ability to 
recover and recycle these components. 

The development of alternative flowsheets was based on 
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the specifications of the reactor product gas and on the 
effluent streams from the recovery and refining areas. Gen­
erally, all alternative flowsheets begin with the recovery of 
NH3 and HCN from the reactor product stream (removal of 
water is associated with this step). The remainder of the 
flowsheet development focuses on the purification of the 
HCN product stream, the recovery and reuse of NH3 and 
stabilizer, and the associated phase splits and other liquid 
recovery systems. 

Some streams designated as waste streams in flowsheet 
development are inherent in the fundamental process, while 
others are associated with by-product formation and the 
more ancillary aspects of the process. The ease in identifica­
tion of waste streams varies greatly; some wastes can be 
identified from the macroscopic material balances, while 
others can only be identified by actual process experience. 
Information on some waste streams required discussions 
with knowledgeable DuPont personnel in order to get a total 
view of the wastes generated in the current process. This 
designation of waste streams is discussed further by Berglund 
and Lawson .r31 

The window for creativity in this activity comes after the 
students understand the process and its constraints and be­
gin formulating their flowsheets. The semi-structured brain­
storming activities of this phase may take a considerable 
amount of time. As a result of the increased time for flowsheet 
development in the study described here, the economic analy­
sis portions were compressed so that the project could be 
accomplished in one semester. 

COST ESTIMATION 

The factored approach has generally proven reliable for 
preliminary estimates of fixed-capital investment by per­
sons other than an expert. In this method, the purchased cost 
of the major equipment items is estimated and the total 
fixed capital investment is estimated by applying a multi­
plier (Lang factor) to the purchased cost of the major equip­
ment items_l4J For the current activity, a less time-consum­
ing approach was used, based on an approach by Zevnik and 
Buchanan,l51 

TFCI = 1.33 NFU (CPF)(CE/102) (3) 

where 

TFCI 

NFU 

CPF = 

total fixed capital investment 

number of functional units (a functional unit is all 
the equipment necessary to carry out a significant 
process step) 

cost per functional unit 

CE chemical engineering plant cost index 

Estimation of the cost per functional unit and identification 
of functional units were validated by comparison with ac­
tual plant costs in the student's analysis. This total fixed 
capital investment was calculated for the traditional func-
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tional units, such as distillation equipment, and this value 
adjusted to account for those process equipment items 
thought to be "nontraditional," such as membrane processes. 
Annual operating costs were then estimated by talcing into 
account the annual cost of capital and other expenses. 
A comparison of the estimated cost of the alternate pro­
cesses with current process technology was then made to 
establish economic viability. 

REPORTING 

The design report from the current study was a confiden­
tial document wherein both students and faculty signed a 
"limited term" secrecy agreement with DuPont. Secrecy was 
necessary so the students could have access to proprietary 
information and thus develop as useful a study as possible. 
The final report was reviewed first by the university advi­
sors, and after their comments were addressed, it was re­
viewed a second time by both university and DuPont project 
advisors. Oral reports by the students design team at the 
midpoint of the activity provided an opportunity for mid­
course corrections. The midpoint meeting is very important 
in focusing the study to meet the needs of the sponsor. A 
final oral report by the student design team was made at the 
conclusion of the project. 

CONCLUSIONS 

The type of activity described in this paper provides for 
student and faculty involvement in significant and challeng­
ing projects involving pollution prevention. The expected 
benefits to the students are: 

• Developing solutions to existing chemical engineering 
problems under realistic industrial considerations and tight 
time constraints. 

• Experiencing group problem-solving where they establish 
their own group structure and assign their own responsi-
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NETWORKING: How to 
Enrich Your Life and Get Things Done 
by Donald R. Woods, Shirley D. Ormerod 
Pfeiffer & Company, International Publishers, 851 7 Production 
Avenue, San Diego, CA; ( 1993) 

Reviewed by 

Eugene R. Seeloff 
University of Virginia 

This book, coauthored by a professor of chemical engi­
neering and a program assistant at McMaster University in 
Hamilton, Ontario, is an excellent tool for students, alumni, 
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bilities for the results. 

• Learning to develop jlowsheets and material balances 
when they have incomplete process information. 

• The studies emphasize pollution prevention through basic 
process jlowsheet and equipment modifications rather than 
through conventional waste effluent treatment applications. 

The successful completion of projects such as this one 
supplements corporate design activities, particularly when 
emerging technologies are involved. This project and simi­
lar activities have been well received by the students. Their 
enthusiasm, perseverance, and overalJ quality of work is 
sincerely appreciated by their advisors and sponsors. Par­
ticipants in these activities typically begin industrial careers 
soon after project completion, while a small number of them 
go to graduate school. 

ACKNOWLEDGMENTS 

This activity was supported by a grant from E.I. DuPont 
de Nemours and Company. The students participating in the 
activity described here were Linda K. Frazier, Mark A. 
Guimond, L. Meera Krishnan, Philip D. Moler, S. Antony 
Stagnolia, and Philip A. Wisnewski. 

REFERENCES 
1. Jenks, W.R. , "Cyanides," Encyclopedia of Chemical Tech­

nology, 3rd ed ., Vol. 7 (edited by M. Grayson), Wiley­
Interscience, New York, NY (1978) 

2. Douglas, J.M., "Process Synthesis for Waste Minimization," 
Ind. Eng. Chem . Res., 31, 238 (1992) 

3. Berlund, R.L., and C.T. Lawson, "Preventing Pollution in 
the CPI," Chem. Eng., 120, September (1991) 

4. Peters, M.S. , and K.D. Timmerhaus, Plant Design and Eco­
nomic Analysis for Chemical Engineers, 4th ed., McGraw­
Hill, New York, NY (1991) 

5. Zevnik, F.C. , and R.L. Buchanan "Generalized Correlation 
of Process Investment," Chem. Eng. Prog., 70, February 
(1963) 0 

and faculty, as well as for career planning and place­
ment professionals. Because NETWORKING skills have 
become increasingly important to anyone trying to develop 
and realize professional or personal goals, this book will 
greatly assist, and motivate, the reader to understand 
what NETWORKING really is and to learn how to NET­
WORK effectively. 

In addition to their own ideas and experiences, the authors 
have drawn on other published materials to create an easy­
to-read workbook complete with interesting and thought­
provoking exercises for the reader to complete. They have 

Continued on page 139. 
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