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NTIL ABOUT 1980, NJIT was largely an under-

graduate teaching institute producing high qual-

ity bachelor’s degree engineers. The focus of the un-

dergraduate curriculum was (and still remains) a prag-

matic program of study for the 95% of our students
who go to work immediately after graduation.

More than 90% of our undergraduates commute to
Newark from a radius of about thirty miles. They are
attending a university with a very definite vocational
objective in mind, namely to enter a well-paying pro-
fession. One out of every four engineers in New Jer-
sey is a graduate of NJIT. About 10% of our under-
graduate enrollment is black and another 11% is his-
panic. In fact, NJIT ranks 12th nationwide in the
number of engineering degrees awarded annually to
minorities (black and hispanic) [1].

Over the years we have been fortunate in attract-
ing bright, well-motivated students. Their leadership
skills are reflected in the fact that our AIChE Student
Chapter has received the Award of Excellence for
eighteen consecutive years, which is far and away an
AIChE record.
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Although we continue to recognize the importance
of our undergraduate program, over the past few
years there has been a dramatic change in faculty em-
phasis on research (as shown in Figure 1). Research
funding in the department has increased six-fold (ap-
proximately three-fold in uninflated dollars) over the
past ten years, to a current level of $2.2 million.

The increasing research effort has paralleled the
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FIGURE 1. Research Funding, Department of Chemical
Engineering, Chemistry, and Environmental Science
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Although we continue to recognize the importance of our undergraduate program, over the

past few years there has been a dramatic change in faculty emphasis on research . . . funding in the department
had increased six-fold over the past ten years, to a current level of $2.2 million.

growth in our graduate program. In fact, we now have
a higher enrollment in the graduate program (240
total) than in the undergraduate program (140 total).
Approximately half of our graduate students are en-
rolled in the MS program in Environmental Science.
A negative factor has been the low enrollments in our
doctoral program; of the 240 full and part-time
graduate students, only fifteen are doctoral students.
This is clearly inconsistent with the level of research
funding and as a result, we have embarked on a vigor-
ous campaign to publicize our graduate program in
order to recruit more qualified doctoral students.

A BRIEF HISTORY

NJIT began in 1881 as the Newark Technical
School, which later evolved into the Newark College
of Engineering. In 1975, with the incorporation of a
School of Architechture, the name was changed to
New Jersey Institute of Technology. NJIT now oc-
cupies a thirty-six acre campus in Newark, and has an
annual budget of approximately $85 million. About
half of that amount comes from the State. Total enroll-
ment includes about 4000 full-time (2700 under-
graduate and 1300 graduate) and 3400 part-time stu-
dents.

BS degrees in chemical engineering were first
awarded in 1919, and the program has been accredited
since 1950. The first female graduate was in 1930,
making our department a pioneer in that regard (cur-
rently, about 20% of our undergraduates are female).
The MS program has been in existence since 1948 and
the DEngSc since 1961. The department also awards
BS and MS in Applied Chemistry, and an MS in En-
vironmental Science.

INTERDISCIPLINARY NATURE

The department combines faculty in chemical en-
gineering and chemistry, and this affords many oppor-
tunities for interdisciplinary projects—both educa-
tional and research. In that respect, as well as in
others, we have been old-fashioned enough to become
modern. We began as an industrial chemistry depart-
ment more than 100 years ago and have always main-
tained close ties between the two disciplines. The re-
cent report on “Frontiers in Chemical Engineering
Education” [2] has given renewed vigor to the thesis
that chemical engineers need to be well-grounded in
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Photo by Bill Wittkop
Students at work in the senior chemical engineering lab.

chemistry (as well as other sciences).

Although we do not have a biology department at
NJIT, the Newark campus of Rutgers University (lo-
cated across the street from NJIT) has an excellent
Department of Biological Sciences. We currently have
joint research projects with faculty in that department
and have students enrolled there in an introductory
course on microbiology. We also maintain close ties to
the University of Medicine and Dentistry of New Jer-
sey (UMDNJ) through both our biomedical engineer-
ing (MS) and environmental science (MS) programs.

FACILITIES

The department is principally located in Tiernan
Hall, which was built in 1972. Departmental resources
include two dedicated computer rooms containing a
total of twenty-five terminals which are connected to
a VAX 11/785 and a VAX 8800. We are also linked to
the supercomputer facility at the John von Neumann
National Supercomputer Center in Princeton, NJ. In
addition, all freshmen at NJIT are provided with their
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own personal computer.

Our undergraduate instructional facilities include
an outstanding unit operations laboratory (comprised
of about 6,500 ft2 on three levels) with a multi-story
high-head area, pilot-scale equipment, and a number
of computer-driven process control experiments.

We also occupy about 20,000 ft? of research space
in Tiernan Hall. Research labs include the analytical
equipment normally expected of a serious research ef-
fort (GCs, GC/MS, HPLCs, AAS, NMR, etc.) as well
as specialized research equipment (continuous and
batch fermentors, a laser doppler velocimeter, a fully
instrumented pilot-scale scrubber, UV/ozone reac-
tors, etc.).

In 1988, an $11 million building dedicated to
hazardous waste research was built on campus. More

Photo by Bill Wittkop
The process control lab at NJIT.

than $2 million of research equipment is being pur-
chased for the new building, and many of our faculty
have research labs and offices there.

RESEARCH FOCUS

A principal research focus is hazardous waste
treatment. In 1984, NJIT became the lead institute in
an NSF Industry/University Cooperative Research
Center in Hazardous and Toxic Substances. The
Center was then designated an Advanced Technology
Center by the State of New Jersey, and is now known
as the Hazardous Substance Management Research
Center (HSMRC). The other universities represented
in the center are Rutgers University, Princeton Uni-
versity, Stevens Institute of Technology, and
UMDNJ. HSMRC support comes from the State of
New Jersey ($3 million), NSF, the U.S. Army, and
twenty-eight major corporations (each of which con-
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tributes $30,000/year and appoints a representative
to the Industrial Advisory Board). In addition, the
HSMRC, in conjunction with Tufts University and
MIT, has been designated a regional center for
hazardous waste research by the U.S.EPA, which
provides an additional $1 million in annual support.
About 25% of the HSMRC research budget involves
faculty from our department (Drs. Armenante,
Baltzis, Bozzelli Dauerman, Huang, Knox, Lei,
Lewandowski, Shaw, and Sofer). Richard Magee (pro-
fessor of chemical and mechanical engineering) is
Executive Director of HSMRC, and Gordon Lewan-
dowski is Director of the Biological/Chemical Treat-
ment Division.

Through the efforts of the HSMRC, we have re-
cently developed ties to the Institut National des Sci-
ences Appliquees (INSA), in Lyon, France. We cur-
rently have both a graduate student and a post-doc-
toral student from that university in our MS program
in environmental science.

Another important departmental resource as-
sociated with environmental research has been the Air
Pollution Research Laboratory, directed by Drs. Boz-
zelli, Greenberg, and Kebbekus. They have received
substantial funding for more than a decade from the
N.J.DEP and U.S.EPA for the purpose of monitoring
the concentration of air pollutants in the region.

A different research focus involves structural or-
ganic chemistry. Arthur Greenberg has a strong re-
search program in strained organic molecules and is
co-editor of the journal Structural Chemistry, pub-
lished by VCH (New York). Drs. Venanzi and Gund
direct the state-of-the-art molecular modeling com-
puter graphics laboratory which examines the interac-
tions between substrates and enzymes (or between
drugs and receptors).

The biotechnology program is also supported by
the engineering research of Drs. Armenante, Baltzis,
and Sofer. Although geared primarily toward biodeg-
radation of hazardous waste, their research also in-
volves multiphase mixing phenomena, microbial com-
petition, and conversion of biomass.

In addition, David Kristol (professor of chemistry)
heads the interdisciplinary biomedical engineering
program (which awards an MS in that field). As a
result of that program, faculty in our department are
involved in joint research projects with faculty at the
nearby medical school (UMDNJ). Additional areas of
research interest are given in Table 1.

CURRICULUM

The undergraduate curriculum includes 139 cred-
its: 41 in chemical engineering, 27 in chemistry, 16 in

CHEMICAL ENGINEERING EDUCATION



TABLE 1
NJIT Faculty and Research Interests

Piero Armenante (University of Virginia) + biodegradation of
hazardous waste; mixing phenomena

Basil Baltzis (University of Minnesota) « mathematical modeling
of microbial systems

Joseph Bozzelli (Princeton University) » gas phase reaction ki-
netics; air pollution analysis

Leonard Dauerman (Rutgers University) « treatment of solid
waste using microwaves

Arthur Greenberg (Princeton University) - strained organic
molecules; air pollution analysis

Teddy Greenstein (New York University) « biochemical pro-
cesses; fluid mechanics

James Grow (Oregon State University) = production of thin films;
surface analysis

Tamara Gund (Princeton University) « molecular modeling of
drug/receptor interactions

Deran Hanesian (Cornell University) « reaction kinetics; plastics
processing

Ching Huang (University of Michigan) + photochemical oxidation
of waste; transport phenomena

Barbara Kebbekus (Pennsylvania State University) « air pollu-
tion analysis

Dana Knox (Rensselaer Polytechnic Institute) + stabilization of
solid waste; thermodynamic modeling

George Lei (Polytechnic University) - polymers

Gordon Lewandowski (Columbia University ) * biodegradation
of hazardous waste

Howard PerIlmutter (New York University) « organic synthesis

Angelo Perna (University of Connecticut) - solid waste disposal

Edward Roche (Stevens Institute of Technology) « computer
modeling of chemical processes and distillation

Henry Shaw (Rutgers University) « control of air pollutants

Sam Sofer (University of Texas) * biochemical and biomedical
processes

Lawrence Suchow (Polytechnic University) « superconductivity;
solid state materials

Reginald Tomkins (University of London) « electrochemical
processes

Richard Trattner (City University of New York) - control of
gaseous pollutants

Carol Venanzi (University of California, Santa Barbara) + molecu-
lar modeling of enzyme/substrate interactions

TEACHING FACULTY
Ernest Bart (NYU) - Vincent Cagnati (MS-Stevens) -
Robert Conley (Brown) - Donald Getzin (Columbia) -
Donald Lambert (VPI) « Avner Shilman (Polytechnic U.)

PROGRAM ADMINISTRATORS
Howard Kimmel (CUNY) - Assistant Vice President for Academic
Affairs; Director, Center for Precollege Programs
David Kristol (NYU) - Director, Biomedical Engineering and En-
gineering Science Programs
Richard Magee (Stevens Institute) - Executive Director, HSMRC
Richard Parker (U. Washington) - Associate Dean, Engineering
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mathematics, 12 in physies, 24 in liberal arts, and 19
in miscellaneous subjects and electives. The chemical
engineering courses include: material and energy bal-
ances, a unit operations/transport sequence (fluid
mechanics, heat transfer, mass transfer and stage sep-
arations), reactor design, thermodynamics, process
control, process and plant design, and unit operations
laboratory. Computer projects are required in all
junior- and senior-level courses.

For many years now we have also been encourag-
ing undergraduates to become involved in research.

More than 90% of our undergraduates commute

to Newark from a radius of about thirty miles. They
are attending a university with a very definite
vocational objective in mind, namely to

enter a well-paying profession.

Qualified students can satisfy two of their electives by
working on a research project under faculty guidance.

We also want to make sure that we continue to
produce professionals. This means educating our stu-
dents to be more aware of the world around them and
their place in that world. In this regard, we are fortu-
nate in having an excellent program in Science,
Technology, and Society (STS) at NJIT. Course mate-
rials have been developed in conjunction with STS and
Humanities faculty that expand the educational base
of our students into areas such as public policy, com-
munication, and ethies.

NJIT also has a very strong co-operative education
program with industry. This program involves both
undergraduate and graduate students. For example,
we are currently developing a co-op program with a
local waste treatment company which would enable
our environmental science students to gain practical
experience before receiving their MS degrees.

At the graduate level, we have a required core
curriculum which includes: mathematical methods,
kinetics, thermodynamics, and transport phenomena.
MS students receiving financial support are required
to complete a thesis and eight courses (including the
core and four electives). Students not receiving an
assistantship are not required to complete a thesis and
may take two additional courses instead. Doctoral stu-
dents take eight courses beyond the MS, in addition
to a thesis. Qualified students may also be admitted
directly into the doctoral program with a bachelor’s
degree.

We are very interested in receiving more applica-
tions to our doctoral program. We have the research
program to support a much larger doctoral population

Continued on page 165.
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TABLE 4
Theoreiical Oxygen Calculations on a Basis of 100 mol Fuel Gas

COMPLETE THEORETICAL

AMOUNT COMBUSTION 0]
_COMPONENT _(mol) EQUATION (mol)
CHyg 220 CHg+202-» COy +2H0 44.0
co 18.0 CO +1/202-> CO2 9.0
Hjp 49.4 Hj +1/2 O3 2 Hy0 24.7
0, 04 = -04
77.3

which corresponds to a theoretical air value of 368.1
mol. From part (a), the actual dry air supplied is 431.5
mol. The calculated value of 17.2% excess air agrees
with the estimate given in the problem statement.

The amounts previously determined for the dry
flue gas (407.4 mol) and flue gas moisture (112.3 mol)
indicate a moisture content of approximately 22% in
the flue gas. Clearly this does not agree with the meas-
ured value of 38%; one explanation is that the measure-
ment is incorrect [2]. As shown in the following
analysis, however, there is a more likely explanation.

The fuel firing rate is calculated as 58.8 mol/s by
dividing the boiler thermal input by the higher heating
value of the fuel gas, correcting to STP, and assuming
ideal gas behavior. Since the basis previously used was
100 mol of fuel gas, the scale factor for the process is
0.588 mols/s/mol.

Using 407.4 mol dry flue gas from part (a) and a
flue gas moisture content of 38%, the amount of mois-
ture in the flue gas is determined to be 249.7 mol. This
gives a value of 657.1 mol for the total amount of flue
gas, which, when multiplied by the scale factor, be-
comes a molar flowrate of 386.4 mol/s. Correcting from
STP to 325°C and assuming ideal gas behavior, the
volumetric flowrate of the flue gas is 19.0 m#/s. Dividing
this by the cross-sectional area of the chimney, a stack
gas velocity of 5.70 m/s is obtained. This compares
favourably with the given value of 5.75 m/s.

It is unlikely that the measurements of both flue
gas moisture content and stack gas velocity are wrong.
The data, therefore, indicate that more water is leaving
the system than is entering. A plausible explanation
is the existence of a leak in a water tube inside the
boiler.
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CONCLUSION

Although the solution has been presented here in
a straightforward manner, the open-ended nature of
the problem can create difficulties for some students.
In particular, part (b) requires analysis and judgement
skills in addition to the knowledge of how to perform
a mass balance. For this reason we have found it best
to offer exposure to problems of this type in class tuto-
rials and home assignments before using them on tests
and exams. This approach generally results in a favour-
able student response, in addition to illustrating the
power and usefulness of the mass balance technique.
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and have a number of interesting projects that have
been on the back burner for the lack of such students.

DEPARTMENTAL ADMINISTRATION

Because of the size of the department and the
number of degrees it awards (we also administer the
freshman chemistry program required of all engineer-
ing undergraduates), the chairman is assisted by five
associate chairmen. Barbara Kebbekus acts as ad-
ministrative officer for the chemistry division, and Re-
ginald Tomkins is responsible for recruiting and advis-
ing all of our undergraduate students and handles in-
dustrial liason. Richard Trattner administers the en-
viromental science program. Arthur Greenberg ad-
vises graduate students in the applied chemistry pro-
gram, and Basil Baltzis is responsible for recruiting
and advising chemical engineering graduate students.

Departmental staff includes two adminstrative as-
sistants, two secretaries, a machine shop supervisor,
a laboratory supervisor, and two lab assistants.
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