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he University of California at Los Angeles,

founded in 1929, is located in rolling green hills
just five miles from the ocean, in one of the most at-
tractive areas of Southern California. It is bordered
on the north by the residential community of Bel-Air
and the Santa Monica mountains. Its southern bound-
ary is Westwood Village, which serves as a shopping
and entertainment center for Los Angeles. The at-
tractive campus on 419 acres is the home of about
2000 faculty and 35,000 students.

The UCLA Department of Chemical Engineering
is part of the School of Engineering and Applied
Science, which was originally established as the Col-
lege of Engineering in 1944. The school has grown
steadily in stature and reputation and now ranks
among the top ten schools of engineering nationwide
and is among the top five schools of engineering at
public universities. Chemical engineering is a rela-
tively young department, officially established in
1983 and accredited by ABET shortly thereafter.
Prior to 1983 the department was part of a unified
undergraduate engineering program.

Since its establishment and accreditation in 1983,
the department has undergone steady growth in stat-
ure and reputation. At present the department of-
fers BS, M, and PhD degrees in chemical engineer-
ing, and the current total enrollment is about 150
undergraduate and 50 full-time graduate students.
The department offices and most of the research
laboratories are housed in Boelter Hall, which is
currently undergoing a major renovation that will
double the available floor space.

At present the department offers BS, MS,
and PhD degrees in chemical engineering,
and the current total enrollment is about 150
undergraduate and 50 full-time graduate
students. ... the annual research

budget is over 2 million dollars
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Royce Hall, one o four buildings that made up
the original UCLA campus in Westwood

The number of faculty has also increased stead-
ily, to a current level of twelve. This has led to a
spectacular increase in graduate research activity;
at present the annual research budget of the depart-
ment is over 2 million dollars, placing it in the top
fifteen in the nation in federal research funding.
These funds support our fifty graduate students,
numerous undergraduate research assistants, and
post-doctoral research associates. The department
typically admits about fifteen new graduate students
each year, including both domestic and international
scholars.

THE FACULTY AND THEIR RESEARCH

The design of clean, environmentally compatible
technologies is a key challenge facing modern indus-
try and the profession. The UCLA chemical engi-
neering department is playing a leading interna-
tional role in developing the research and design
fundamentals needed for a rational approach. The
department presently houses two highly-visible na-
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tional research centers: the National Center for In-
termedia Transport (sponsored by the US Environ-
mental Protection Agency since 1981), directed by
Yoram Cohen, and the National Science Foundation
Engineering Research Center for Hazardous Sub-
stances Control (established in 1987), directed by
Sheldon Friedlander. Although many of our faculty
members participate in the activities of these cen-
ters, the research conducted in the department is
diverse, as can be seen in the following paragraphs
and in the Table 1 summary.

Reaction Engineering

Reaction engineering and kinetics is one of the major
research areas in the department. The research programs
undertaken by Professors Allen, Hicks, and Senkan seek a
better understanding of the mechanisms of homogeneous
and heterogeneous reactions at the molecular level. David
Allen's research emphasizes the application reaction en-
gineering principles to energy and environmental issues.
His current interests include the molelcular modeling of
petroleum processing (particularly catalytic cracking) as
well as gas-to-particle reaction pathways in urban atmos-
pheres, and development of catalytic hydrodechlorination
processes. In his research, Robert Hicks studies the cata-
lytic oxidation of hydrocarbons using Pt and Pd as cata-
lysts, with the objective of developing more efficient auto-
mobile catalytic converters that will lead to reduced pol-
lutant emissions at cold-start conditions. Selim Senkan's
research in reaction engineering is directed toward the de-
velopment of detailed chemical kinetic mechanisms
(DCKM) describing high-temperature processes such as
hydrocarbon pyrolysis, oxidation, and combustion. DCKMs
developed by Professor Senkan involve the participation
of hundreds of species in thousands of elementary reac-

tions, and rely on the use of large-scale computing. The
data needed in the development of DCKMs are derived
from experiments conducted jointly with physical chem-
ists and theoretically via the use of computational quan-
tum mechanics.

Materials Processing

The research of Yoram Cohen involves the develop-
ment of novel materials and resins using polymer adsorp-
tion, polymer grafting, and surface silyation processes.
Traugott Frederking's research in thermodynamics and
transport phenomena at low temperatures (i.e., cryogen-
ics) is paving the way for the development and better
utilization of superconductors. Sheldon Friedlander
is investigating the development of new technologies
involving ultrafine particles, including the design of aero-
sol reactors and the engineering of submicron agglo-
merate structures composed of multicomponent aero-
sols. The deposition of semiconductor and metal thin
films for microelectronic devices using organometallic
chemical vapor deposition is an expanding area of re-
search of Robert Hicks.

Combustion

At present, combustion and combustion-related activi-
ties are underway in the departments of chemical engi-
neering, mechanical engineering, and chemistry. Eldon
Knuth developed one of the first Molecular Beam Mass
Spectrometer systems in the world to study flame struc-
ture. He is currently exploring relaxation processes in
molecular beams and cluster formation in low-tempera-
ture freejets. Selim Senkan is investigating the effects of
halogens in hydrocarbon combustion, and in particular
their role in the formation of toxic combustion by-prod-
ucts. His research has important applications to hazard-
ous waste incineration. In addition, his research empha-

Students can enjoy swimming, skiing, and mountain climbing...
on the same day!
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sizes the use of combustion as a manufacturing process to
synthesize useful chemicals from abundant natural
resources by partial oxidation. Owen Smith's research
in combustion emphasizes the development of non-
intrusive optical diagnostics, such as particle image veloci-
metry and laser induced fluorescence. He recently de-
veloped a two-dimensional resonantly-stabilized dump
combustor which promises to be particularly useful in
waste incineration.

Transport Phenomena

Yoram Cohen and Sheldon Friedlander study the
transport of pollutants in air, water, soil, and other envi-
ronmental media, particularly through the National Cen-
ter for Intermedia Transport. These studies are not con-
fined merely to dispersion within single environmental
media; rather, they focus on processes occurring at inter-
faces (particularly air-soil and air-water interfaces) and
the incorporation of these intermedia transport processes
into multimedia studies of pollutant impact on the envi-
ronment. The application of transport phenomena at cryo-
genic temperatures is the specialty of Traugott Freder-

king. He is currently working on screen and perforated-
plate compact cryocooler systems at liquid-helium tem-
peratures, with the objective of developing a basic under-
standing of thermal boundary layer conditions at super-
conductor-liquid interfaces.

Electrochemistry

Fundamental and applied electrochemistry is the ma-
jor research thrust of Ken Nobe. Typical industrial appli-
cations that are addressed in his laboratory include reduc-
tion of corrosion rates in marine environments, reduction
of hydrogen embrittlement of high-strength steels, and
improvement of the efficiency of electrochemical manufac-
turing operations like the electrodeposition of specialized
metals like Invar. Along with the late Manuel Baizer, Pro-
fessor Nobe and his group have also pioneered paired
electroorganic syntheses in flow reactors. In a collabora-
tive activity, Vincent Vilker and Nobe are exploring elec-
troenzymology as a method for the synthesis of fine chemi-
cals and for the development of biosensors.

DAVID T. ALLEN
Environmental Reaction Engineering

and Hazardous Waste ® Molecular Models of Catalytic
Cracking Chemistry

YORAM COHEN
Polymer Science and Transport Phenomena
Polymerization Reaction Engineering ® Brownian Dynamics
of Macromolecules * Polymer Grafting and Adsorption ®
Non-Newtonian Fluid Mechanics ® Water Purification ®
Multimedia Transport of Toxic Chemicals and Exposure
Analysis

TRAUGOTT H. K. FREDERKING
Cryogenics
Low Temperature Transport in Porous Media, Phase Separ-
ation, Thermo-mechanical Devices ® Heat Transfer ® Cryo-
cooler Components, Super-conducting Devices and Related
Transport Phenomena

SHELDON K. FRIEDLANDER
Aerosol Technology and Air Pollution
Formation and Behavior of Submicron Particles ® Source
Allocation and Receptor Modeling ® Air Pollution Control ®
Mass Transfer and Diffusion ® Particle/Surface Interactions

ROBERT F. HICKS
Surface and Interface Engineering
Catalysis ® Reaction Engineering of Organometallic Vapor
Deposition

ELDON L. KNUTH
Molecular Dynamics in Gas Flow

sation and Evaporation ® Chemical Relaxations

TABLE 1
Chemical Engineering Faculty and Research Interests at UCLA

Atmospheric Aerosol Chemistry ® Processing of Heavy Fuels

Vibrational, Rotational, Translational Relaxations ® Conden-

VASILIOS MANOUSIOUTHAKIS
Process Design, Dynamics and Control
Linear and Nonlinear Control Systems Design * Integration
of Design and Control ® Process and Control Systems Design
for Microelectronic Material Manufacturing ® Waste Minimi-
zation Through Chemical Process Synthesis ® Separation
Network Synthesis

HAROLD G. MONBOUQUETTE
Biochemical Engineering
Biomimetic Membrane Systems * Culture of Microbes that
Thrive at Extremes of Temperature, pH, and Salt Concen-
tration ® Biosystems for Heavy Metal Recovery ® Immobil-
ized-Cell Fermentations

KEN NOBE
Electrochemistry
Catalysis ® Battery and Fuel Cells  Corrosion and Electro-
deposition of Metals and Semiconductors ® Bioelectro-
chemistry

SELIM M. SENKAN
High-Temperature Chemical Kinetics and Reaction Eng.
Combustion, Gas Kinetics, Flame Chemistry  Incineration
of Hazardous Materials ® Computational Quantum Mechan-
ics ® Synthesis of Useful Chemicals by Combustion

OWEN I. SMITH
Combustion
High-Temperature Chemical Kinetics ® Reaction Mechan-
isms in Combustion, Incineration and Chemical Vapor
Deposition * Optical Methods for Combustion Diagnostics

VINCENT L. VILKER
Biochemical Engineering
Colloid and Interfacial Phenomena ® Proteins, Virus, and
Bacteria ® Bioelectrochemical Catalysis
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Biochemical Engineering

Professors Monbouquette and Vilker form the chemi-
cal engineering component of a strong collaborative re-
search program in biochemical engineering. Collaborating
with faculty in pharmacology, biological chemistry, mo-
lecular biology, microbiology, public health, and civil engi-
neering, they are working on problems related to the
cleanup of groundwater contamination, chemical synthe-
sis, and chemical sensors via the use of modern biochemi-
cal methods. Vincent Vilker's research is focused on bio-
catalysis of bacterial redox enzymes. He is developing
processes to detoxify trace contaminants in water, to syn-
thesize oxygenated hydrocarbons and fuel additives and is
undertaking research to optimize the production of en-
zyme system proteins in natural or cloned host bacteria.
Harold Monbouquette is pioneering the use of
archaebacteria (i.e., bacteria that thrive under extreme
conditions, such as temperatures in excess of 100 C and
pH levels below 1 and above 10) to synthesize highly
stable enzymes for use in the treatment of toxic wastes
and for the synthesis of new biomaterials.

Process Design and Control

The design and control of chemical processes for mini-
mal environmental impact is an underlying theme in much
of Vasilios Manousiouthakis' work. He has developed
the concept of mass-exchange networks, which is extremely
important in chemical process industries. He has also
developed approaches for estimating the waste minimiza-
tion potential of chemical processes. His research in proc-
ess control involves studies on the dynamic behavior and
control of generalized linear and non-linear systems using
algebra, topology, functional analysis, differential geome-
try, and optimization.

Separations

The overall goal of the separations program, guided by
Yoram Cohen and Harold Monbouquette, is the de-
velopment of novel separations processes, including
highly selective membranes and sorbent media, through
chemical tailoring of the phase interface. Current
projects include the construction and study of new
polymer-silica resins for selective sorption of organics
and heavy metals and biomimetic membranes for metal
recovery. They have recently initiated a collaborative proj-
ect involving the creation and testing of novel ceramic-
supported polymer membranes for applications in perva-
poration and hyperfiltration.

As is evident from the foregoing discussion, re-
search activities undertaken by chemical engineer-
ing faculty at UCLA span studies from the molecu-
lar level (characterized by length scales on the order
of Angstroms) to the design and control of large-
scale systems (characterized by length scales on the
order of meters to kilometers). As indicated, many of
the studies deal with environmental issues. An im-
portant outgrowth of these coupled activities is that
the students not only receive training in the funda-
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mentals and applications of science and technology,
but they are also sensitized to the needs of society at
a time when crucial questions are being asked on
how to grow and innovate in an era of economic,
environmental, and energy constraints.

The environmental theme in the department's
research has also had a significant impact on under-
graduate education. Specialized courses in pollution
control technology, mass transfer of pollutants in
the ambient environment, and combustion, energy,
and the environment have been developed or are in
the planning stages. An undergraduate course on
toxic substances control (designed for non-engineers)
has also been created.

In addition to the development of specialized
courses, the department has focused on incorporat-
ing environmental issues into all parts of the cur-
riculum. Examples include design of a waste-to-
energy incinerator in the capstone design course and
the development of chemical reactors with minimal
by-product formation in the chemical reaction engi-
neering course.

The department also offers a variety of addi-
tional specialty courses, reflecting the breadth of the
research activities of the faculty. These courses are
complemented by hundreds of science and engineer-
ing courses offered in other departments. Exposure
to world-class researchers in chemistry, molecular
biology, atmospheric sciences, and other disciplines
provides exciting opportunities for the intellectual
growth of our students.

LIFE IN SOUTHERN CALIFORNIA

The faculty and students of UCLA enjoy a wealth
of cultural and recreational opportunities, both on
campus and in greater Los Angeles. Mountain climb-
ing and skiing, as well as surfing and sailing cen-
ters, are all easily accessible from campus and are
available virtually at any time of the year. World
renowned artists in dance, music, and the arts regu-
larly perform both on campus and at the nearby Los
Angeles Music Center. And of course, there is Holly-
wood, Universal Studios, Disneyland . . .

As LA has become one of the leading metropoli-
tan areas on the Pacific Rim, the city has become a
melting pot of many cultures. Los Angeles has a
Chinatown, a Little Tokyo, a Koreatown and many
other ethnic communities, together with an outstand-
ing selection of restaurants. These communities of-
fer students a window on the world which is avail-
able in few other cities. O
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