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Volatile Organics
Center researchers study how to remove
an increasing contaminant from our water

Volatile organic compounds
(VOCs) such as benzene, carbon tet-
rachloride, and toluene are showing
up more and more often in the
nation's water.

The US Environmental Protection
Agency in 1981 and 1982 evaluated
466 public water supplies. At least
one VOC was found in 16.8 percent of
the small systems and 28 percent of
the large.

The amount of VOC contamination
is likely to have increased since 1982
because the production and use of
VOCs are growing. Volatile organic
compounds are valuable industrial
chemicals, widely used as solvents
and degreasers and in the manufac-
ture of styrene, saran, Teflon, PVC,

phenol, nylon, insecticides, dyes,
drugs, and fluorocarbons.

Wastewater from industrial plants is
one way that VOCs can invade water
supplies, but it is by no means the
only way. Landfills, septic system
cleaners, degreasing of aircraft and
heavy equipment, pesticides, her-
bicides, drycleaning, accidental
spills, disposal of household and in-
dustrial waste into septic systems,
leaking storage tanks, and agricul-
tural activities can all result in VOC
contamination of water supplies.

Fighting contamination. This type of
pollution of water (and air as well) is of
concern because many if not most

(Continued on next page)

Graduate student Ne" Handler reads the humidity level of air leaving the top of a 20-foot air-stripping
column. Volatiles can be stripped from water by contact with air.

1.1;11 1 ippwv



88
VOCs are known to be tox
cinogenic in minute quanta
the minimum levels of risk
troversial, the EPA recom
the water pollution limit fo
cinogen be zero.

To fight VOC contamina
ter, the EPA and state gov
have begun to legislate i
the EPA "Organic Chemic
Plastics and Synthetic Fib
gory Effluent Limitations G
announced November 5,
drinking water laws (see t

Industrial plants are bei
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and air stripping.

VOC removal technology
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what erroneously, as part

EPA maximum conta
levels for VOCs
in drinking water

Benzene
Carbon tetrachloride
1,2-dichloroethane
Trichloroethylene
Para-dichlorobenzene
1,1-dichloroethylene
1,1,1-trichloroethane
Vinyl chloride

Source: US EPA, "National F
ing Water Regulations; Synt
Chemicals," Final Rule, Fed
July 8, 1987.
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"It's a major collection of data, and
it should help the people designing
these columns all over the country,"
said Mr. Bravo. The data were used to
verify a predictive model developed
by Mr. Bravo, Dr. Fair, and former
center researcher Mark Guinn.

"The differences in the rankings are
slight when comparing packings of
similar surface areas, said Mr. Bravo.

Expensive, effective steam strip-
ping. A similar and less exhaustive
study has been completed for steam
stripping. A form of distillation, steam
stripping involves sending steam
rather than air through the VOC-con-
taminated water inside the column.
The contaminant-laden steam is then
condensed into water, and the or-
ganic layer formed can be in-
cinerated.

Six types of packing for air stripping

Although more expensive than air
stripping, steam stripping performs
well in concentrating the pollutant. It
can concentrate 100 parts per million
of a volatile organic into, for example,
a half-water, half-organic mixture,
said Mr. Bravo.

Center researcher Cheri Wooten
carried out the steam stripping proj-
ect, focusing on the performance of
high-efficiency packings. As with air
stripping, a predictive model was ulti-
mately developed.

"We discovered that steam strip-
ping is a feasible alternative, espe-
cially when you want to recover an
expensive chemical or a fine chem-
ical," said Mr. Bravo.

"You could put some packing in a
column, run water through it, and
demonstrate that you could strip the
organics out, but that would not
necessarily give you the best design
information," said Dr. Fair. The new
knowledge will also help guard
against failures of design, he said.

Dr. Fair and Mr. Bravo said that
granular activated carbon and air
stripping are likely to remain the lead-

(Continued on page 6)
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CES Update
Office of Director

Herbert H. Woodson, director of
the center, has been appointed to the
board of directors of the Allan Shivers
Radiation Therapy Center of Austin,
Texas.

Dr. Woodson resigned January 31
from the Texas National Research
Laboratory Commission. He was vice-
chairman of the group, which is pur-
suing the location in Texas of the fed-
eral superconducting supercollider.

U

Dale E. Klein has received the
1988 Order of Alec Award, presented
by a university student group for "em-
bodying the tradition of the College of
Engineering in student involvement,
professional leadership, and motiva-
tion." He also was presented the Fac-
ulty Leadership Award in Mechanical
Engineering by the UT Department of
Mechanical Engineering.

U

Two energy workshops for high
school students and teachers will be
held in June at The University of
Texas at Austin.

Dale E. Klein, deputy director of the
center and associate professor of me-
chanical engineering, is coordinating
both events.

About 300 students and 150
teachers from all parts of Texas will
gather June 6-9 to hear lectures by
UT energy experts on topics such as
coal, nuclear energy, and high-vol-
tage transmission lines. The group will
tour energy research labs on campus
and attend the popular Physics Cir-
cus and Chemistry Circus.

The event, the 27th Annual Texas
Energy Science Symposium for High
Schools, is sponsored by the univer-
sity and the Texas Atomic Energy Re-
search Foundation.

Junior high and high school sci-
ence teachers from Texas will be-
come students for two weeks as they
attend another workshop, the "Elec-
tric Power and the Environment" short
course.

The teachers will learn about en-
ergy processes and resources and
tour six to seven facilities, including
UT's teaching nuclear reactor, a

steam-fired power plant, and a fusion
experiment called the Texas To-
kamak.

Those interested in learning more
about either course may contact Dr.
Klein at the Center for Energy Studies,
The University of Texas at Austin,
10100 Burnet Road, Austin, Texas
78758, 512/471-5136.

U

When a tiny electric spark cross-
es the spark-plug gap inside an auto-
motive engine cylinder, several things
can happen:

A flame may ignite from the spark
and propagate smoothly throughout
the whole space. A flame kernel may
ignite and travel unevenly around the
chamber. The flame may extinguish
immediately or fail to ignite. Worst of
all, after the spark, the propagating
flame may cause the unburned mix-
ture to autoignite, creating an explo-
sive "knock"-a phenomenon that
can destroy an engine rapidly.

The combustion engineering group
within the UT Department of Mechan-
ical Engineering, with sponsorship by
the center and Cray Research, is de-
veloping computer models of engine
combustion. The group has built an
experimental engine ingeniously
equipped to measure conditions in-
side the engine cylinder by means of
lasers.

"In order to get better performance
and better fuel economy, what you
really need to do is increase the com-
pression ratio of the engine. Right
now, if you do that, you run into what's
called the knock limit," said Ron
Matthews, UT associate professor of
mechanical engineering. "We're try-
ing to develop these predictive mod-
els to allow us to predict things such
as whether the engine will knock
under a given set of operating condi-
tions."

Auto makers design cars with a
lower compression ratio to safeguard
against knock. Dr. Matthews said he
thinks modeling may eventually lead
to engine designs with higher com-
pression ratios, which could allow fuel
economy improvements of 10 to 20
percent.

Dr. Matthews, along with mechan-
ical engineering faculty members
Steven P. Nichols and Dennis E.
Wilson, have worked on multidimen-
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Graduate student James Chiu assembles an
unusual oval piston on an experimental engine
being used to study combustion.

sional and simpler quasidimensional
models of engine combustion.

Combustion is unusually difficult to
model because it is three-dimen-
sional, transient, turbulent, and chem-
ically reactive. Each event of combus-
tion involves more than 100 chemical
reactions occurring in a split-second.

Multidimensional models are highly
detailed and unsuited for use in de-
signing engines. On a Cray super-
computer, the calculations for a com-
bustion event lasting 5 to 10
milliseconds takes about 5 hours,
said Dr. Matthews.

The researchers are creating a
quasidimensional model, which sim-
plifies the calculations without sacri-
ficing too much predictive accuracy.
Even auto makers do not have a
model that is predictive.

"The primary stumbling block pre-
venting people from developing a
predictive model is that the flow in the
combustion chamber is turbulent and
chemically reactive," said Dr. Mat-
thews. "Right now there aren't any
predictive models for turbulence,
even without the chemical reactions.
So we're using fractal geometry to
model the effects of turbulence on the
rate of flame propagation.

"A quasidimensional model should
allow you to vary all the parameters on



an engine without ever having to build
one."

In order to prove the model's accu-
racy, Dr. Matthews and mechanical
engineering faculty member David G.
Bogard will use an experimental en-
gine located in the UT Engineering
Teaching Center. A laser is mounted
outside the engine to shine through a
window and through the combustion
zone.

Even if made of quartz, a curved
window in the wall of the cylinder
would distort the laser. The presence
of valves, too, makes measurement
difficult. Researchers elsewhere have
tried square pistons, quartz windows
in the cylinder head, and two-stroke
engines without complete success.

The solution of the UT researchers
is a valveless engine with a quartz
head and a single oval cylinder (see
photo). The flat sides of the oval and
the head allow flat, nondistorting win-
dows for the laser beam. The engine
will fire once at a time.

A prototype engine was tested in
1987, and the piston and connecting
rod are now being modified.

With mechanical engineering fac-
ulty members Glenn Y. Masada and
Joseph J. Beaman, Dr. Matthews is
also evaluating the microcomputers
that are standard equipment on 1988
cars. On-board computers control a
car's automatic transmission, air-fuel
ratio, spark timing, and other func-
tions.

Computer controls are inarguably
more efficient than the mechanical
and pneumatic devices they re-
placed, but the combustion research-
ers have found that computerized
fuel-air ratios are not always optimum.

An on-board computer is pro-
grammed to optimize engine perfor-
mance accurately when the car is
driven at a steady rate, said Dr.
Matthews.

The researchers have shown
through dynamometer testing, how-
ever, that an on-board computer
doesn't perform as well during trans-
ient operating conditions-accelerat-
ing and decelerating. The inefficiency
is not noticeable to a driver, but it's
there, he said.

For instance, when changing from
acceleration to deceleration, the fuel-
air mixture becomes "outrageously
rich," causing emission and fuel
economy problems.

The researchers are developing a
dynamic model of engine perfor-
mance during acceleration and de-
celeration.

"We hope to identify the problems
affecting the on-board computers and
to find a way to make them function
better," said Dr. Matthews.

The graduate students working in
the combustion group are Young-
Wook Chen, James Chiu, Shekhar
Dongre, Chris Weyn, Guobi Zhang,
and Ting-Ting Zhu.

Conservation and
Solar Energy

Window shading devices can save
as much as 14 percent of the annual
energy bill of a home located in a
warm climate, as a 1987 study by the
center showed.

Center researchers are now study-
ing the energy efficiency of fabrics
for window coverings in homes and
commercial buildings.

"Many researchers have looked at
drapes and shades, but no one has
approached the problem from a tex-
tile point of view," said Maureen M.
Grasso, UT associate professor of
home economics. "We are very inter-
ested in how fabrics can be rede-
signed in terms of their weave or yarn
structure to reduce heating and cool-
ing loads.'

With a device called a guarded hot
box that resembles a section of wall
with one window (see photo), the re-
searchers are measuring thermal per-
formance of different fabrics. After a
fabric sample has been placed in the
window opening, the rate of heat loss
through the fabric is determined from
a thermostat-controlled heater.

The researchers are constructing a
second apparatus to measure the

Student Ray Briones participates in a study of
the energy performance of drapes and shades.
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solar and optical properties of differ-
ent fabrics. Bruce D, Hunn, head of
the Conservation and Solar Energy
Program, said this instrument will
measure how reflectance and trans-
mittance for direct solar radiation vary
with changes in weave, yarn, and fi-
ber type.

The research is funded by the Uni-
versity Research Institute, the College
of Natural Sciences, and the Ameri-
can Public Power Association. Two
undergraduate students-Ray
Briones, home economics, and
Savitha Sridharan, architecture-are
participants (see photo, page 5).

In earlier research Dr. Grasso dis-
covered that window coverings
perform significantly better when
placed one inch or less from the
glass. The greater the gap beyond
one inch, the less efficient a window
covering will be at saving energy.

Another of her findings-that seal-
ing the edge of a roller shade in a
"side track" mounted on the window
frame improves the energy perform-
ance-has led to a new custom win-
dow product offered by several com-
panies.

In a warm climate, where air condi-
tioning is a large part of the energy
demand, an ideal window covering
would block heat from the outside in
the summer, insulate in the winter,
reduce glare, increase daylighting,
and still allow an outdoor view, said
Dr. Grasso.

Letting in light and blocking heat
may be incompatible goals. Fabrics
that incorporate metal do block heat
well, but also block light. Thin translu-
cent fabrics allow light in, but are poor
heat blockers.

Glazing, a shiny surface finish for
fabric, reflects light, and hollow-core
fibers insulate well and are often used
in batting for window coverings.

The microstructure of the fabric
might be designed so that it diffuses
light uniformly over the interior of the
room, according to Dr. Hunn.

Energy efficiency is not as much a
selling point as it used to be for a
window shade, but it does have a
place in the market, said Dr. Hunn.
Appearance is the main consideration
for most people when they buy a win-
dow shade or drape.

Most fabric makers have con-
ducted evaluations of the thermal
properties of drapes and shades, but
have directed much less effort to en-
hancing these properties in their
shade designs.
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Austin Mayor FranK Cooksey (/e/i presents S.,Oufu df.niri crecKs Janudry 14 io inree LuT
students working in the Conservation and Solar Energy Program (from left): Savitha Sridharan
(architecture), Ray Briones (home economics), and William Studak (master's candidate in mechan-
ical engineering). The awards are from the American Public Power Association, of which the Austin
Electric Utility is a member. Laura Doll (far right), chief administrative officer with the utility, said only
six scholarships were given nationwide.

U
Norsaire Systems of Denver has

presented the Conservation and Solar
Energy Program with a gift of $10,000
for program support.

Separations
Research Program

Separations researcher Donald R.
Paul February 24 was named a
member of the National Academy of
Engineering, among the highest pro-
fessional distinctions accorded an en-
gineer.

Dr. Paul holds the Melvin H. Gertz
Regents Chair in Chemical Engineer-
ing and directs the Center for Polymer
Research. He was cited for his out-
standing research contributions on
polymeric materials and for leader-
ship in chemical engineering educa-
tion.

U

A method developed by separa-
tions researchers for improving
polymer membranes used to sepa-
rate gases was awarded a US patent
in January.

The technique enhances the pro-
ductivity of the microscopically thin
membranes used for gas separations,
according to William J. Koros, a sep-
arations researcher and UT professor
of chemical engineering.

Dr. Koros developed the technique
with Susan Jordan and Greg Fleming,
both UT graduate students in chem-
ical engineering. The invention grew
out of research funded by IBM,

National Science Foundation, and the
Separations Research Program.

The ideal membrane for separating
gases is highly selective, productive,
and durable, Dr. Koros said. In other
words, it selectively allows one gas to
pass through, does so at a productive
rate, and lasts a long time.

In lab tests during the past three
years, treated membranes performed
50 to 100 percent better than un-
treated ones, Ms. Jordan said.

The treatment the researchers de-
veloped applies to glassy polymer
membranes and is called "penetrant-
induced conditioning." As the name
implies, a penetrant such as carbon
dioxide is put into the membrane,
pressurized, and left for several hours
to a week.

The penetrant causes the glassy
polymer of the membrane to swell in-
finitesimally. The change allows
another gas, such as oxygen in an
oxygen-nitrogen mix, to pass through
the membrane more easily than
through an untreated membrane.

One company that is a sponsor of
the Separations Research Program is
experimenting with the new treatment,
said Dr. Koros.

Membranes are used commercially
in several ways to separate gases:
separating hydrogen from methane,
carbon monoxide, or nitrogen; enrich-
ing air with nitrogen for fire preven-
tion; enriching air with oxygen in fur-
naces or for medical purposes; and
recovering carbon dioxide.

U

Separations researcher Keith P.
Johnston has been awarded a

5

Camille and Henry Dreyfus Teacher-
Scholar Grant.

Twelve of the grants were given
nationwide to faculty members with
less than five years' experience
teaching chemistry or chemical engi-
neering.

Dr. Johnston is a UT associate pro-
fessor and the Gulf Oil Foundation
Centennial Teaching Fellow in Chem-
ical Engineering.

U

Representatives from companies
that perform chemical separations are
invited to attend an open house
sponsored by the Separations Re-
search Program May 17.

Jose Luis Bravo, manager of the
four-year-old program, said, "The
Separations Research Program is a
forum for exchange of information on
separations. It provides a wide variety
of points of view.

"The program is an opportunity to
look into technological developments,
participate in the research process,
and interact with a group of research-
ers and colleagues in different indus-
tries."

During the open house, faculty and
staff separations researchers will ex-
plain the program's current projects in

Q Distillation
Q Adsorption/chromatograph sep-

arations
Q Liquid-liquid extraction
Q Supercritical fluid technology
Q Membrane separations
Q Flue gas desulfurization and acid

gas treating
Q Bioseparations
Q Waste and water treatment
Visitors will tour the program's re-

search facilities.
Twenty-six companies currently

sponsor the Separations Research
Program through annual membership
fees. Sponsors meet twice a year to
hear project results and advise the
program on future research direc-
tions.

The program is headed by James
R. Fair, who holds the John J. McKetta
Centennial Energy Chair in Chemical
Engineering. Twelve faculty and staff
researchers direct projects, and ap-
proximately 50 graduate students and
postdoctoral researchers participate.

To attend the open house or to find
out more about the Separations Re-
search Program, contact Mr. Bravo at
512/471-4946, Center for Energy
Studies, The University of Texas at
Austin, 10100 Burnet Road, Austin,
Texas 78758.E
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UT Austin Energy
Baldwin of LLNL Named "I think Dave Baldwin will continue

UT Fusion Institute Head to develop the Institute for Fusion
Studies, and I expect that the institute

A University of California physicist
has been named director of the Insti-
tute for Fusion Studies at The Univer-
sity of Texas at Austin.

Dr. David Ellis Baldwin, deputy as-
sociate director of the Magnetic Fu-
sion Energy Program at Lawrence
Livermore National Laboratory in
Livermore, California, was selected
from a field of seven finalists to suc-
ceed Marshall Rosenbluth, who re-
signed September 15. Dr. Baldwin will
report May 1 to relieve Richard Hazel-
tine, the institute's acting director.

"Rosenbluth was probably the only
person who could have started the
Institute for Fusion Studies because of
his great stature in the field [of plasma
physics]," said Roger Bengston,
chairman of the UT Department of
Physics who also chaired the eleven-
member search committee.

will have an even larger place in the
physics community under his guid-
ance and direction," he said.

Baldwin, 52, specializes in re-
searching the theoretical aspects of
plasma physics and magnetic fusion
energy. He holds two degrees from
the Massachusetts Institute of Tech-
nology and has taught and worked at
Stanford University, Culham Labora-
tory in England, and Yale University.

At the university, he will also serve
as a professor of physics.

"We had very strong candidates,"
said Hazeltine. "When we started this
search-before we had spoken to
anyone outside of the institute-we
wrote down a wish list of the best
people who we hoped would apply.
Somewhat to our surprise, all of them
did. So we ended up finding the deci-

sion difficult. I would say that Bald-
win's record of skillful management
turned out to be the decisive factor."

More than 100 fusion specialists
worldwide were recommended to
head the institute, considered the pre-
mier institute for plasma physics in the
country.

Established in 1980, the Institute for
Fusion Studies operates with a
budget of some $2 million annually,
funded by the US Department of En-
ergy and by matching funds from the
state of Texas. The institute has a staff
of 55, including 15 faculty members
and research scientists, 7 postdoc-
toral students, 23 undergraduate stu-
dents, and 10 support staff.

Dr. Rosenbluth, dubbed the "Pope
of Plasma Physics" by colleagues,
came to UT Austin in 1980 to direct
the institute. He resigned to join the
physics faculty at the University of
California at San Diego.E

(Continued from page 2)

ing VOC removal techniques in the
foreseeable future.

A potential problem with air strip-
ping is that it releases small amounts
of VOCs into the atmosphere. In the
long term, a remedy may be needed.
The best approach seems to be add-
ing a stage to clean the contaminated
air or water with an adsorber, said Dr.
Fair.

PhD student Robert De Sonier,
under Dr. Fair's supervision, is study-
ing the ability of polymeric adsorbents,
cheap nontoxic resins, to remove
VOCs and other organics from water.

Another approach is to combine an
air-stripping stage with a GAC stage.
According to Mr. Bravo, hybrids of
this sort are already appearing on the
market.

Future research. "There's a lot of
contaminated groundwater around,
and we're discovering more of it all
the time," said Dr. Fair. "I don't think
there's a gap in technology. I think we
can meet the requirements of the new
laws."

The Gulf Coast Hazardous Sub-
stances Research Center has just
funded a $37,000 study by Drs. Fair
and Lawler to evaluate the economics

6

of three VOC removal technologies
(GAC, air stripping, and steam strip-
ping) and combinations of the three.
The cost of VOC removal is usually 1
or 2 percent or less of the cost of the
product, said Dr. Fair. GAC can cost
more.

"I think the technology is getting in
pretty good shape," said Dr. Fair. "We
know how to do it, but we have not yet
evaluated many of the parameters we
need for design and economics. It's
been done pretty empirically in the
past. As more and more contamina-
tion shows up, we're going to have to
do more and more of this kind of
research. "M
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