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Separations Researchers
Developing Models
of Extraction Processes

In industry, methods of
separating one liquid from a
mixture of liquids by using a
solvent are all Called extrac-
tion. These techniques have
been known for years. In fact, the
ancient Romans extracted molten
gold and silver from copper using
lead as the solvent. Today extraction
techniques are experiencing re-
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newed attention from the scientific
and industrial communities.

In the Separations Research Pro-
gram of the Center for Energy
Studies, two extraction technologies
in particular are being studied-
liquid-liquid and supercritical extrac-
tion. In fact, these two technologies
are near the top of the list of subjects
of interest to the thirty-five companies
now sponsoring the Separations Re-
search Program's projects.

One basic goal in the SRP's ex-
traction research is the development
of models from new experimental
data. When realistic models of the
most important aspects of extraction
processes are developed, engineers
can more confidently and easily de-
sign systems for actual large-scale
use.

Dr. James R. Fair, who holds the
Ernest and Virginia Cockrell Chair in
Engineering at UT, is head of the
year-old Separations Research Pro-
gram. He is investigating liquid-liquid
extraction with Dr. Jimmy Humphrey,
manager of the Separations Re-
search Program, and five chemical
engineering graduate students:
Bruce Eldridge, Richard Lahiere,
Paul Rathkamp, Antonio Rocha, and
Frank Seibert.

Liquid-liquid extraction methods
generally involve a stream of solvent

(Continued on next page)
A liquid-liquid extraction column, filled with
dumped packing, is used by researcher Frank
Seibert and others in their study of how such
devices separate mixed liquids by means of a
solvent.
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flowing throughout a column of mixed
liquids. The solvent attracts and car-
ries out one component of the mix-
ture.

Another research group, headed
by Dr. Keith Johnston, assistant pro-
fessor of chemical engineering, is
studying supercritical extraction. Par-
ticipating graduate students include
Joe Dobbs, Bill Flarsheim, Sunwook
Kim, Marcia Middleton, and Joe
Wong.

Supercritical extraction is a similar
process that also involves sending a
solvent through a raw feed to extract
desirable products or undesirable
contaminants. The fluid is com-
pressed (and sometimes heated) so
that it reaches supercritical condi-
tions. Temperature and pressure can
be controlled to achieve a desired
selectivity for given components. It is
the ability to adjust and control the
solvent power that makes supercriti-
cal extraction unique. (For a fuller
explanation of both processes, see
"Liquid-Liquid Extraction" and
"Supercritical Extraction.")

Useful but never used. "It was
known for years that extraction was a
very useful process-but it was not
used," Dr. Fair said. "Engineers were
not confident about it. The under-
standing needed for industrial-scale
design was not there. Engineers
would say, 'I can't really design a
liquid-liquid extractor with confi-
dence.'"

Supercritical extraction has suf-
fered from an even more serious lack
of development and understanding.
Research on both these technologies
has stepped up in the past several
years.

The interest in liquid-liquid extrac-
tion has come about for several rea-
sons, according to Dr. Fair. In-
creases in the cost of energy favor

Liquid-Liquid
Extraction
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In a simplified liquid-liquid ex-
traction system like the one above,
gravity does most of the work.
Inlets and outlets are located at
the top and the bottom of the
column. A mixed liquid, say water
contaminated with acetone, flows
down from the top. This liquid is
the feed. (Acetone and
water do not nicely separate into
two layers, as Italian salad dress-
ing does. They become totally and

liquid-liquid extraction, which re-
quires considerably less energy than
distillation, the king of separations
processes.

It will work sometimes when distil-
lation won't: separating liquids with
similar boiling points. A good exam-
ple is the extraction of BTX (benzene,
toluene, and xylene) from petroleum
fractions. In fact, benzene production
is the largest application yet devel-
oped for liquid-liquid extraction.

Because liquid-liquid extraction
does not require high temperatures,
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Dumped packings are designed in contorted
shapes so that when placed in a liquid-liquid
extraction column, they thoroughly mix the
solvent and feed flowing through it. From left:
Raschig rings, metal Intalox, ceramic Intalox
saddles, and Pall rings.
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indistinguishably mixed-more
like ammonia and water.)

Another liquid, the solvent, flows
out of one of the bottom pipes. For
extracting acetone, as in this ex-
ample, toluene is a good choice
as a solvent. A good solvent for
this case has to have two prop-
erties: it has to be lighter in weight
than the feed, so that it will tend to
stubbornly float up through the
water. It also has to be chemically
attractive to the acetone. Toluene
is both of these.

As the acetone, water, and tolu-
ene mix in the middle of the col-
umn, the acetone molecules in the
feed are attracted to the toluene.
The toluene rises through the feed,
finding and carrying more and
more acetone to the top with it.

That is how the separation of
two thoroughly mixed liquids can
be accomplished. Notice there are
no moving parts. All that remains
is to siphon off the light toluene-
acetone mixture when it reaches
the top, and to drain off the now-
purified water collecting at the bot-
tom. (There is one more problem,
separating the toluene from the
acetone, and that step is not al-
ways an easy one.)

it is finding new applications in ex-
tracting drugs and other high-
molecular-weight materials that
would be degraded by heat.
Packings, cycles, and sieve trays.
The SRP research indicates that
structured packings hold promise as
one of the most efficient new ap-
proaches to liquid-liquid extraction,
Dr. Humphrey said. Packing is a
technique for increasing contact be-
tween the feed mixture and the sol-
vent bubbling through it. (Other de-
vices include sprays, columns of
perforated plates, and mechanical
agitators.)

A structured packing, as opposed
to a dumped, or more random, pack-
ing, is a porous layer of mesh or
sheet metal located in the column
(see photograph, far left). Often sev-
eral sets, or stages, of packing layers
are used. The structured packing is
designed to break up the solvent
flowing through it into finer and finer
bubbles, while restricting flow as little
as possible.

A recently completed study of
another type of liquid-liquid extrac-
tion points out that application of
controlled-cycle extraction seems to
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Structured packings of stainless steel mesh
are put in a liquid-liquid extraction column to
mix the liquids more efficiently.



Supercritical
Extraction

Supercritical extraction is still an
infant technology, but a promising
one that can be adapted to a
variety of batch and continuous-
flow systems. A common denomi-
nator to any supercritical system is
pressure, frequently 50 to 700
times normal atmospheric pres-
sure. At this supercritical pressure,
the solvent may be thought of as a
dense gas or an expanded liquid,
possessing both the solvent power
of a liquid and the penetrative abil-
ities of a gas.

A system can be either pres-
sure-controlled or temperature-
controlled. After the supercritical
solvent dissolves the solute (the
target substance) out of the feed,
either a drop in pressure or an
increase in heat can be used to
precipitate and recover the solute
and extract. Since the fluid is
highly compressible, it takes only
slight changes in pressure or tem-
perature to achieve large changes
in the density or solvent power.

be limited to separating mixed liquids
that tend to emulsify (disperse in tiny
droplets, like fat in milk). Controlled-
cycle extraction involves four steps:
solvent is pumped in, coalescence
occurs, feed is pumped in, and
coalescence occurs again.

In a third study, a new, generalized
model has been developed for
crossflow sieve tray extractors. Dr.
Humphrey said the study shows that
sieve tray extractors can be de-
signed for relatively high efficiencies,
up to 40 percent.
Supercritical extraction. Supercrit-
ical extraction systems, in contrast
with liquid-liquid systems, are usually
more expensive, mainly because of
the higher costs of high-pressure
equipment.

According to Dr. Johnston, super-
critical extraction has its own special
advantages, however: The process
can be used at moderate, even
room, temperatures. Many options
are available for achieving and con-
trolling the desired selectivity. The
extract is virtually free of residual
solvent. The extract can be frac-
tionated into numerous components,
even if they have similar volatilities,
by controlling the densities.

One of the leading supercritical
solvents is carbon dioxide-"en-
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Researcher Bill Flarsheim works on an experiment on the solvent properties of supercritical water.

vironmentally nonhazardous, non-
toxic, nonflammable, noncorrosive,
and inexpensively available in high
purity," as Dr. Johnston summarized
it.

Supercritical extraction with carbon
dioxide is being used to decaffeinate
coffee beans-six companies, in-
cluding General Foods and Nestle,
applied for patents in 1981-and to
extract acids from beer hops. Carbon
dioxide flooding for tertiary recovery
of petroleum is in the field devel-
opment stage. Toluene and other sol-
vents are used to deash and liquefy
coal. Several proprietary methods ex-
ist for supercritical fractionation and
processing of polymers and biomole-
cules.

There is much speculation about
possible future uses: extracting oxy-
genated hydrocarbons (for example
alcohols) from water, fuel from tar
sands and oil shales, asphaltenes
from petroleum residue, flavors and
fragrances from plant materials,
nicotine from tobacco, oils from soy-
beans and corn, drugs from plants,
and even fat from potato chips.

Although supercritical extraction is
still in its infancy, Dr. Johnston be-
lieves it will develop rapidly over the
next ten years. His research focuses
on the chemistry of the process and
the interaction of the process vari-
ables: solvent, temperature, pres-
sure, polarity, and solvent additives
(called entrainers).

As in the liquid-liquid extraction
research, the data taken in experi-
ments are being used to develop
models, or theoretical descriptions,
of supercritical extraction processes.
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Dr. Johnston's present research
demonstrates how a supercritical sol-
vent, in some cases combined with a
less volatile entrainer, can be highly
selective for particular compounds.
The chemical forces involved include
polar forces and hydrogen bonding.

In this study, a variety of supercriti-
cal polar and nonpolar entrainers
were tested in carbon dioxide. The
findings suggest methods for improv-
ing yields and selectivities, reducing
solvent-feed ratios, and lowering the
system pressure. These improve-
ments enhance the process econom-
ics markedly.

The researchers have recently de-
veloped a model that predicts the
solubility of high-molecular-weight
hydrocarbons in ethylene and carbon
dioxide as a function of density. Dr.
Johnston said he is hopeful that this
predictive capability will speed up
the development of new supercritical
processes.

Plans for the future. In looking
ahead, Dr. Fair said the extraction
research will continue along these
two lines-developing more efficient
extraction processes and finding bet-
ter solvents. But when the program
moves into the Center for Energy
Studies' new building at the Balcones
Research Center, more than $1 mil-
lion worth of state-of-the-art extrac-
tion and distillation research equip-
ment will be installed. Some of that
equipment is expected to be running
by the end of 1985 and provides a
promising outlook for more projects
and much larger scale experimenta-
tion. U
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Office of Director
Dr. Herbert H. Woodson, director

of the Center for Energy Studies, has
been appointed to a committee that
will oversee an independent engi-
neering design review of the South
Texas Nuclear Project.

The nuclear power plant is pres-
ently nearing completion. Also ap-
pointed were Joseph Hendrie, former
chairman of the Nuclear Regulatory
Commission, and Robert Laney, nu-
clear consultant and former official in
the Navy reactor program. A design
review and an oversight committee
are required by the Nuclear Regula-
tory Commission.

Dr. Woodson has also been
elected to the board of directors of
Oak Ridge Associated Universities.

U
A transcript of a lecture on the

thorny issues surrounding utility
financing of big projects is avail-
able upon request.

The talk was given by utility finance
expert Eugene Meyer, of the invest-
ment banking firm Kidder, Peabody,
Inc., at The University of Texas at
Austin November 27. It was spon-
sored by the Center for Energy
Studies, the UT Chair of Free Enter-
prise, and Scientists and Engineers
for Secure Energy.

To obtain a copy of the transcript,
write the Chair of Free Enterprise,
ENS 103, The University of Texas at
Austin, Austin, Texas 78712. Cost
is $1.

Conservation
and Solar Energy

Five projects have recently started
in the Conservation and Solar Energy
Program:

Energy conservation supply po-
tential for Texas-How is energy
consumed in the residential and
commercial sectors of Texas, and
how can electricity in particular be
saved? Those two questions are the
focus of a new study funded by the
Public Utility Commission of Texas.

Leading the project are Dr. Bruce
Hunn, manager of the Conservation
and Solar Energy Program, and Dr.
Martin L. Baughman, associate pro-
fessor of electrical and computer en-
gineering, along with collaborator Dr.
Arthur Rosenfeld of Lawrence Berke-
ley Laboratory.
Ms. Sharon
Moore, energy
and mineral re-
sources gradu-
ate student, is
also a partici-
pant.

An advisory committee of twenty
persons from state and local govern-
ment, utilities, research organiza-
tions, and consulting firms met Jan-
uary 21 to discuss and guide the
project.

According to Dr. Hunn, the re-
searchers first are examining how
electricity is consumed in residential
and commercial buildings in Texas
and will then define the use patterns
most likely over the next ten and
twenty years. They will model a
series of conservation measures and
compute the energy that could be
saved with each, compared with its
cost to implement.

A final stage will be to "identify,
compare, and contrast the menu of
options available to utilities and regu-
lators in terms of effectiveness in
saving energy and reducing peak
demand," he said.

Microwave-assisted drying-
Microwaves are an effective method
for heating moisture trapped inside a
material and driving it to the surface.
Already used in the food industry for
drying pasta and partially thawing
hard-frozen beef for easier cutting,
microwave drying is thought to have
potential in other industries.

Dr. Philip Schmidt, professor of
mechanical engineering, is conduct-
ing experiments using a 6-kilowatt
microwave device with a variable air
flow. Different materials under differ-
ent conditions will be tested. Micro-
waves combined with cool and hot
air flow and with infrared surface
heating are to be included in the
experiments.

The data will be used to develop a
descriptive model of microwave dry-
ing performance, the basic goal of
the project.
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Other participants in the study,

funded by the Electric Power Re-
search Institute (EPRI), are advisor
Dr. John Pearce, assistant professor
of electrical and computer engineer-
ing; and graduate students Jean Ac-
cad and Tom Evans (in mechanical
engineering) and Nadeem Malik (in
electrical and computer engineer-
ing).

Form value of electricity-The
physical nature of electricity-its
speed, precision, and other prop-
erties-has enabled a number of in-
novative electric-based technologies
to be created in recent years.

Comparing the economics of these
new technologies with existing ones
is difficult because no broad basis
for comparison is available. Dr.
Schmidt and Dr. Melba Crawford,
assistant professor of mechanical en-
gineering, are in the pilot stage of
developing such a system in another
study funded by EPRI.

According to Dr. Schmidt, the
economic model will contain the
costs for factors of production such
as energy, labor, materials, time,
capital investment, and floor space.

The researchers will evaluate and
compare five advanced tech-
nologies: arc furnace steelmaking, in-
duction heating in forging, induction
melting in casting, microwave heat-
ing, and electron-beam welding and
heating.

Other participants in the study are
graduate students Will Anglin, James
Donley, Raul Estevez, and Barbara
McNelis (in mechanical engineering);
and Amy Abel (in energy and mineral
resources).

Energy data base on Austin
commercial buildings-The pur-
pose of this study is to help the City
of Austin create a data base of en-
ergy use patterns in the city's com-
mercial buildings, both existing and
future. The study, funded by the City
of Austin, is led by Dr. Hunn. Other
researchers are center engineers
John Peterson and Scott Silver.

Cost-effectiveness of window
shading options-In this second
study funded by the City of Austin,
researchers are evaluating the cost-
effectiveness of residential window
shading devices such as solar films,
solar screens, tinted and reflective

(Continued on page 5)
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glass, awnings, shutters, and other
types of shading. Participants are Dr.
Hunn, mechanical engineering pro-
fessor Jerold Jones, and mechanical
engineering graduate student Randy
Pletzer.

U

Research engineer Scott Silver,
formerly with Control Data Corpora-
tion, has joined the Conservation and
Solar Energy Program. He will work in
developing and applying computer
programs for building energy analy-
sis, along with other data analysis.

U

Dr. Bruce Hunn, head of the. cen-
ter's Conservation and Solar Energy
Program, has been appointed to the
National Organizing Committee of the
Tenth National Passive Solar Confer-
ence.

The conference will be held Octo-
ber 17-20, 1985, in Raleigh, North
Carolina. A call for papers was is-
sued in January, he said. To obtain a
copy, contact the American Solar En-
ergy Society Headquarters, 2030
17th Street, Boulder, Colorado
80302.

Electric Power
Dr. Martin L. Baughman, center

researcher and associate professor
of electrical and computer engineer-
ing, has been appointed chairman of
a committee of the Energy Engineer-
ing Board of the National Research
Council. The new committee will in-
vestigate the relationship between
electricity and domestic economic
growth.

Energy Policy
Studies

An analysis of European energy
issues by Dr. George Hoffman,
UT professor
emeritus of geog-
raphy, was re-
leased in February
by Duke University
Press.

The 250-page
book, The Euro-
pean Energy Chal-
lenge: East and
West, will sell
for $30.

Geothermal
Studies

Experiments on using the heat, hy-
draulic pressure, and natural gas
from geopressured-geothermal en-
ergy in various ways will be a major
focus of research in 1986, according
to Dr. David Lombard, spokesman
for the Department of Energy's geo-
pressured-geothermal research pro-
gram.

He spoke February 4 before 80
attendees at the Sixth US Gulf Coast
Geopressured-Geothermal Energy
Conference at The University of
Texas at Austin. The three-day con-
ference was sponsored by the UT
Center for Energy Studies, Bureau of
Economic Geology, and College of
Engineering, with the support of the
Department of Energy.

The United States' geopressured
formations are located along the Gulf
Coast in Texas and Louisiana. Ex-
ploiting geopressured-geothermal
energy involves drilling wells to pro-
duce hot, high-pressure brines
trapped in deep formations. Methane
dissolved in the brine is also of major
interest.

Dr. Lombard said that in late 1985
the Electric Power Research Institute
will install a binary-cycle unit for
generating electricity at the Pleasant
Bayou geothermal test well in Texas.
Researchers hope "to come up with
a system that would allow an
operator to maximize the return, de-
pending on market conditions, by
shifting the electric power/natural gas
mix coming off the site." They will
study the option of heating the water
further with gas produced from the
well.

He summarized the recent efforts
of geopressured-geothermal re-
searchers from The University of
Texas, other universities, and re-
search labs.

"I hope we've learned how to tube
a well. I hope we've learned how to
control scale. I hope we're ready for
the multiyear tests at relatively high
production rates," Dr. Lombard said.

He predicted that industry will be-
come more involved in geothermal
energy in the next few years, when
"we will have the technical data that
will allow industry to make decisions
about what they can do with this
resource."

Research involving four geopres-
sured-design wells "taught us we can
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David Lombard

adapt oil-patch technology to the
geopressured resource.... We
really don't know how to make sliding
seals work . .. and we do have to be
very careful with our tubing program.
Thread design is a critical element in
preventing corrosion. . . . We found
that geopressured-geothermal brines
can and do cause scaling that can
be severe enough to shut down the
testing. We've learned that low tem-
perature is not a terribly critical pa-
rameter. Pressure drop is."

Design well studies have also
shown that if enough gas remains in
the brine instead of being extracted,
the disposal well formation tends to
reject it.

About geopressured-geothermal
models, Dr. Lombard said, "I don't
think we're at the point yet where the
drawdown and buildup measure-
ments clearly indicate that the mod-
els we've developed over the years
are totally appropriate for what we
are doing. There may be some things
going on down there that we don't
understand yet, in terms of the me-
chanics of the reservoirs."

He said that surface subsidence is
"apparently the one environmental ef-
fect that could stop the show" and
deserves continuing research atten-
tion.

Thirty technical papers were pre-
sented at the conference. One inter-
esting development in the research
has been the unexpected appear-
ance of crude oil, both aromatic and
paraffinic components, in the geo-
thermal brine. Several hypotheses
about it were discussed. A second
development discussed was a cur-
rent experiment funded in part by the
Gas Research Institute to recover ad-
ditional methane from nearly de-
pleted conventional gas reservoirs by
using a technology similar to geo-
pressured-geothermal water produc-
tion.

(CES Update continued on next page)

.I 7



NTSU LIBRARY
CENTER FOR ENERGY STUDIES
The University of Texas at Austin
Engineering Science Building 143
Austin, Texas 78712

ADDRESS CORRECTION REQUESTED

Separations
Research Program

Applications for graduate study in
chemical engineering at UT have
increased 30 percent this year,
largely because of separations re-
search opportunities, according to
Dr. Thomas Edgar, chemical engi-
neering graduate advisor.

Of the twenty-two graduate stu-
dents entering in fall 1984, nine have
gone into projects of the Separations
Research Program, he said. The av-
erage undergraduate grade point av-
erage of the new graduate students
is 3.8. Their average GRE score is
1350, up about 50 points from the
previous year's average.

To obtain information on financial
aid and admission requirements for

graduate study in chemical engineer-
ing at UT, write: Graduate Advisor,
Department of Chemical Engineer-
ing, EPS 211 A, The University of
Texas at Austin, Austin, Texas 78712.
Or telephone the graduate secretary,
Joan Littleton, 512/471-6991.

U

The latest company to join the Sep-
arations Research Program is Snam-
progetti USA, the United States divi-
sion of an Italian firm. The number of
sponsors now totals thirty-five.

The program has begun to publish
a newsletter-Separations Update-
a publications booklet, and an annual
report to brief sponsors on its ac-
tivities.

U

Dr. John Buchanan, a visiting pro-
fessor of chemical engineering, is

working with the Separations Re-
search Program for the spring
semester. Dr. Buchanan is on leave
from the University of New South
Wales, Sydney, Australia. His present
research deals with the hydraulics of
packed columns in gas-liquid opera-
tions.

U

The Separations Research Pro-
gram will hold the following meetings
in 1985 with representatives of par-
ticipating companies:

April 22-Study Group meetings
April 23-Advisory Committee

meeting
October 28-Study Group meet-

ings
October 29-Advisory Committee

meeting.
The location will be the Thompson

Conference Center at The University
of Texas at Austin. U

UT Austin Energy
Texas Recession Possible
if Oil Falls below $25/Barrel,
UT Economist Predicts

The future of two pillars of the
Texas economy-energy and ag-
riculture-were deemed "still impor-
tant" but "shaky" January 11 by the
director of the Bureau of Business
Research at The University of Texas
at Austin.

Speaking at a gathering on the
economic outlook for Texas, Dr. Vic-
tor Arnold said that while declining oil
prices are a boon at the national level
because they stimulate economic
growth, they are disastrous in Texas

because the state's energy economy
is tied to the international price of oil.

"Every $1 decrease in the price of
oil (per barrel) decreases state reve-
nues by $40 million," Dr. Arnold
pointed out. "About 23 percent of the
state's revenues . .. are derived from
oil and gas severance taxes at the
wellhead."

He added:
"What we need in Texas is a strong

OPEC."
The UT economist predicted Texas

could be pushed into a recession if
oil prices fall below $25 a barrel, from
the current base price of about $29.
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Falling oil prices have meant fewer
oil-related jobs in Texas. Last Sep-
tember, employment in oil and gas
exploration in Texas stood at 272,000
(down from a peak of 324,000). In oil
field machinery production, employ-
ment was 45,500 (down from a peak
of 90,000).

Because oil field machinery is in
demand again, jobs in that sector are
likely to increase 15 percent this year
and 2.5 percent in 1986. This growth
would be retarded if prices went to
$25 a barrel, he predicted. Explora-
tion and extraction would suffer
more: declines of 5 percent in 1985
and 2.5 percent in 1986. U
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