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Researchers improve
distillation technology
by use of the computer

Distillation is a massive
consumer of energy. Each
day distillation consumes as
much energy as all the com-
mercial airliners in the country. The
process, by far the leading method
for separating
mixed liquids, is
used by not only
the petroleum
industry, but also
the chemical,
food, pulp and
paper, and phar-
maceuticals
industries.

Virtually the
only university in
the United States
performing
experimental
research on
distillation today,
however, is The
University of
Texas at Austin.

"The re-
search in
academia died

in industry and by industrial coopera-
tive groups. But the fact was,
industry was not doing this work."

The Separations Research
Program, started in 1984, has
targeted distillation as a major focus.
In 1985 the university made a
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Because of the large scale of the center's $1.5-million distillation test
system, more realistic experimentation is possible. The unit has three 17-
inch-diameter columns 20 feet tall for distillation, extraction, or absorption/
stripping and a shorter column of variable diameter for distillation.

out in about 1970," according to
James R. Fair, head of the center's
Separations Research Program.
"The schools felt they couldn't
compete with what was being done

commitment to the program's re-
search by constructing a sophisti-
cated $1.5 million distillation test
system, the only one of its kind at a

(Continued on next page)
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Pall rings are one type of random packings used in disritiation towers

university (see photo). At present the
program has 29 industrial sponsors.

"Typically a distillation tower that
costs $1 million to design and $1
million to build will be processing
materials at the rate of $1 million
each week. That's why the tower
must work. The incentives are very
great for building columns that work,
because the failures can be miser-
able," said Jose Luis Bravo, manager
of the Separations Research Pro-
gram.

Accurate predictive models can
prevent failures. They can also be
used to detect what went wrong in a
failed tower design.

Companies often seek the help
of UT researchers in making new or
existing distillation columns more
efficient.

"Our mission has been to get the
risk out of the decision process, to
give the users enough tools to go into
new designs with lower risk factors
and reduce the amount of expensive
experimental work required," said Mr.
Bravo.

The researchers have developed
a computer method to predict how a
packed distillation column will
perform, evaluated distillation pack-
ings and trays, and explored a new
technique for discovering what is
occurring inside a column.

Distillation depends on the fact
that various liquids boil at different
temperatures. (If the components of
a liquid mixture boil at exactly the
same temperature, the mixture is im-
possible to distill.) In distillation, a
mixture of liquids is heated inside a

cylindrical vessel, a column. The
portion with the lowest boiling point
begins to vaporize and exits from the
top of the column, leaving behind the
rest. Mixtures are separated into
many fractions of high purity by
repeating this process.

Because of their enormous
energy requirements, all modern
distillation columns are filled with
objects designed to transfer material
from the vapor into the liquid as
quickly and efficiently as possible.

Older columns are usually filled
with trays. About half the new
columns are filled with packings,
either random or structured. These
materials increase mass transfer be-
cause they increase mixing and
turbulence, or increase the surface
area contact between the liquid and
vapor, or both.

A structured packing is a bundle
of perforated sheet metal or metal
gauze the diameter of the column.
Random packings are smaller
perforated objects that are simply
poured into the column to fill it in a
random fashion (see photos above).

"We have developed procedures
that allow you to take information
generated in the laboratory and
design a commercial packed-
distillation unit," said Mr. Bravo.
Companies all over the world, primar-
ily in the United States, have begun
to use the UT procedures in tower
design and analysis.

Modeling distillation on the
PC. The main tools developed for
distillation users by the center have

Structured packing for ors~ a.on oc. a
often fabricated of perforated, corrugated
sheet metal.

been computer models and equa-
tions that predict the performance of
distillation, absorption, and stripping
towers containing packings, taking
into account the physical properties,
dimensions, and packing structure.

A model for towers using random
packings has been developed by Dr.
Fair, Mr. Bravo, and chemical engi-
neering graduate students Antonio
Rocha and Mark Guinn.

A similar model for structured
packings also has been completed.
The work was begun by Dr. Fair, Mr.
Bravo, and two chemical engineering
graduate students, Henry Chan and
Chris Martin. While at the Mexican
Instituto Tecnologico de Celaya, a
third student, Ricardo Macias-
Salinas, enhanced and integrated the
earlier modeling. He put it into a
form that runs on an IBM personal
computer. Mr. Macias-Salinas is now
in the Separations Research Pro-
gram, pursuing his PhD in chemical
engineering.

A computer model that incorpo-
rates all the work the UT group has
done in distillation has been demon-
strated to program sponsors and will
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SRP researcher Christian Fischer operates a
neutron backscatter un it being studied as a
potential new method for detecting the
amount of liquid inside a distillation column.

be distributed to them in 1989. It is
the only nonproprietary distillation
model available that covers random
packings, structured packings, and
trays.

"It's pretty well been accepted in
industry," said Dr. Fair. "We've

* continued to refine it. For example,
we looked to see if it could be
applied to a column 1 inch in diame-
ter as easily as to one that's 100
inches in diameter-and it could."
Chemical engineering graduate
student Jeff Hufton was a participant
in the study.

Dr. Fair said this result means
"that now you can run research
studies with 1-inch columns, which is
much cheaper than running a big

* one, and then use the information
directly to design the big fellows."

The structured-packing distilla-
tion model has been shown to scale
up accurately to columns 30 to 34
feet in diameter located overseas. It
can be used for design of new
columns and retrofit of existing ones,
and for evaluation of packings of the
same general geometry. The model
applies to any distillable mixture of
liquids.

Trays versus packings. A
recent trend in the distillation industry
is to replace the trays normally
installed inside a column with struc-
tured packings. Trays cost less, but
structured packings are more

efficient. For a 30-foot-diameter
column, the cost of the packings
alone can be as high as $10 million.

Research at UT has shown that
packed towers often save 10 to 15
percent on energy costs compared
with tray towers, Mr. Bravo said. A
packed tower has higher mass
transfer efficiency, thus requiring less
heat, as well as lower friction losses,
requiring less pressure.

The Separations Research
Program does research on distillation
trays as well.

Under the auspices of the US
Department of Energy and the
National Bureau of Standards, new
tray designs are being evaluated.
The first tray tested was one invented
by William Trutna of Houston. It
proved it could perform as much as
five times better in some absorption
systems using water-based solvents
than conventional trays.

Mr. Bravo said the basic concept
of the Trutna tray involves turning
around a problem so it becomes a
benefit.

"The Trutna tray seems to entrain
the liquid, then deentrain it," said Mr.
Bravo. This approach allows high
gas velocities and thus increased
throughput.

In a study of several structured
packings, the researchers found that
some packing surfaces are more
efficient than others. For most appli-
cations, structured packings made of
flat metal perforated like a cheese
grater or made of wire gauze per-
formed the best.

Mr. Bravo said the cheese-
grater-like surface creates more
surface area and turbulence. The
wire gauze uses capillary action to
spread the flowing liquid, and it
performs particularly well separating
hydrocarbon mixtures.

Shooting neutrons in the
column. The researchers are
studying a possible new way to
measure conditions inside a tower
during distillation.

Liquid hold-up is the total amount
of liquid trickling and dripping
through the column. It can vary
significantly during an hour of
operation. An accurate way to
determine liquid hold-up in distillation
has not yet been achieved.

"It's like trying to measure the
volume of water inside a cubic foot of
air when it's raining," said Mr. Bravo.
The ability to measure hold-up would

be valuable because it would allow
performance predictions to be made
with more accuracy.

Mr. Bravo and Christian Fischer,
an engineer assigned to the Separa-
tions Research Program by Rhone
Poulenc in France, are studying a
neutron backscatter device (photo,
left), used in some refineries to meas-
ure the levels of liquid or foam inside
tanks. Other participants in the
research are chemical engineering
graduate student Ashutosh Pad-
wardhan and technicians Bobby
Reeves and Robert Montgomery.

Kay-Ray, Inc., a Chicago firm
that manufactures neutron backscat-
ter devices, has provided the re-
searchers with a unit. The device
shoots an invisible cone-shaped
beam of neutrons through the wall of
the column.

When any neutron hits a hydro-
gen atom, another neutron is re-
leased. The device then detects the
extra neutrons. Varying levels of
neutrons indicate varying liquid
density, and the amount of liquid can
be calculated from the density.

Any liquid containing water or
hydrogen in other forms can be
measured in this way. Other materi-
als, such as metal packings, are not
detected.

The researchers have been en-
couraged by results thus far, accord-
ing to Mr. Bravo. "With neutron
backscatter we can see the differ-
ence in hold-up at different condi-
tions," he said.

The group next intends to
discover whether the neutron
backscatter device is accurate
enough to measure half-percent
differences in density and whether
the neutron levels can be correlated
with real values for density.

Distillation is a mature technol-
ogy, but much remains to learn
about it.

"Right now every distillation unit
along the Gulf Coast is running at ca-
pacity," said Dr. Fair. "They expect
to be running at capacity and adding
capacity over the next five years....
This means that packings are going
to replace trays more and more.
That whole business is booming."

"A vendor once said to me that
UT was taking the magic out of the
[distillation] packing business," Mr.
Bravo commented. "That's right.
That's the way it should be. I felt he
had defined our job very well." U
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CES Update
Office of Director

Steven P.
Nichols, research
scientist/engineer
and lecturer in the
Department of
Mechanical Engi-
neering, has been
appointed deputy
director of the
Center for Energy

Steven P Nichols Studies.

Conservation and
Solar Energy

Those who wish to comment on a
new standard for the energy per-
formance of state buildings have
until December 30 to do so.

The new standard applies
primarily to new state buildings and
is based on a widely accepted
national standard created by the
American Society of Heating, Refrig-
erating, and Air-Conditioning Engi-
neers (ASHRAE). Center research-
ers Bruce D. Hunn, Jerold W. Jones,
and Scott C. Silver adapted the
national standard to Texas.

The proposed standard was
published November 11 in the Texas
Register. Tim Grigg, program coor-
dinator for the State Agencies De-
partment of the Governor's Energy
Management Center, said that
hearings will be held in Houston,
Dallas, and Austin in late November
and early December. The standard
may be adopted as soon as Feb-
ruary.

The center researchers will assist
in evaluating the comments received.
Mr. Grigg said he did not anticipate
much controversy. The standard has
already been through extensive
ASHRAE review.

A computer program is a signifi-
cant aspect of the new standard.
This software, designed to run on the
IBM personal computer, can be used
to evaluate whether alternative
building designs will comply with the
standard. The software predicts how
much energy a building of a speci-
fied design will consume compared
to an energy-efficient reference
design.

A copy of the software and the
standard (which contains a user's
manual) are available free from Tim
Grigg, program coordinator,
Governor's Energy Management
Center, P.O. Box 12428, Austin,
Texas 78711, 512/463-1891.

U
Conservation researcher Jerold

W. Jones has been elected a fellow
of the American Society of Heating,
Refrigerating, and Air-Conditioning
Engineers. Dr. Jones is a professor
of mechanical engineering at UT.

"
Calcium chloride was found to

be the best liquid desiccant for use
in a hybrid desiccant air-conditioning
system, a recent center study found.

The evaluation was carried out
by Conservation and Solar re-
searcher John L. Peterson and
Joseph W. Studak, graduate student
in mechanical engineering.

For several years center re-
searchers have studied air-condition-
ing systems that couple a liquid
desiccant cycle with a vapor-com-
pression cycle.

Mr. Peterson said that, for com-
mercial buildings in hot humid
climates, such systems show the
potential to reduce electricity con-
sumption by one-fourth, with little or
no extra initial cost.

Lithium chloride, lithium bromide,
calcium chloride, and triethylene
glycol were the desiccants studied.

In order of importance the factors
evaluated were safety, corrosion
resistance, mass transfer potential,
heat of mixing, cost, heat transfer
potential, and parasitic power
losses.

Calcium chloride showed a
notably high heat transfer potential
and a low cost, $15 per 100 lb of
solution.

U
The Conservation and Solar

Energy Program has published two
research reports. Single copies are
available free upon request:

0 CBS/ICE Program User's Guide, by
Scott C. Silver, Jerold W. Jones,
John L, Peterson, Andre Milbitz,
and Bruce D. Hunn (documenta-
tion for an hourly computer
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John L. Peterson (center), Conservation and
Solar researcher, explains a dual-air-loop test
system to members of the Austin chapter of
ASHRAE, who held a meeting October 20 at
the center

simulation program for modeling
static ice storage systems).

0 Energy Analysis of Multifamily
Housing Rehabilitation Meas-
ures, by Bruce D. Hunn and
Scott C. Silver (an analysis of the
energy and cost savings from
retrofits of an apartment building
in Austin and one in Boston).

Process Energetics
John A. Pearce, associate

professor of electrical and computer
engineering, has been appointed to
the Industrial, Scientific, and Medical
Board of the International Microwave
Power Institute. He is a researcher in
the Process Energetics Program.

U
The previous issue of Energy

Studies announced the EPRI Dielec-
tric Heating Research Advisory
Council, a group formed to advise
the Process Energetics Program.
Three members of the council
were inadvertently left out:

(Continued on next page)
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Bernard Krieger, Cober Electronics;
John Zimmerly, PSC, Inc.; and
Edward R. Peterson, Dow Chemical
USA.

* Rotating Machines
and Power
Electronics

The National Science Foundation
* has granted $60,000 for a study of

the effects of third-harmonic flux in
electrical apparatus to Herbert H.
Woodson and John S. Hsu. Dr.
Woodson recently stepped down as
director of the center after being
named dean of engineering at UT
Austin. He will continue to be a
center researcher. Dr. Hsu is head
of the Rotating Machines and Power
Electronics Program.

U
The university has applied for a

patent on a simple triggering
device for generating third
harmonics for use in improving the
power output of motors and trans-
formers.

The inventors are John S. Hsu
and Amr Amin, rotating machines re-
searcher.

Separations
. Research Program

A researcher studying removal of
tiny amounts of water from hydrocar-
bons by means of adsorption has
found that a pretreatment step may
improve the process.

" Most hydrocarbons contain
traces of water. Some applications
of a liquid such as toluene require
that it must be dried from a standard
200-500 parts per million (ppm) of
water to less than 10 ppm.

Passing the liquid through a bed
of adsorbent pellets is a common
way to achieve this level of dryness.
When the pellets have adsorbed all
the water they can hold-usually 20
to 30 percent of their weight-they
are heated to drive off the water and

* thus regenerate their adsorbing
ability.

According to Sudhir Joshi, post-
doctoral researcher in separations,
five adsorbents were tested for their
ability to dry toluene and p-xylene:

__ 4A molecular sieve. LDS-340 alu-

mina, H-152
alumina, XF-200
alumina, and S-
100 alumina

For water con-
tents less than 200
ppm, the 4A
molecular sieve
performed best,
adsorbing as
much as 21 per-
cent of its weight
When water was
200 to 500 ppm,
the XF200 ranked
highest, adsorbing
as much as 30
percent.

In an industrial John R. Howell (left)
plant an adsorp- hosted by the Center
tion unit must be was the center's foun

down shortly after be

stay or more often Engineering. Dr. Ho

to regenerate the desiccant with
heat. When an operational upset
occurs and the concentration of
water in the feed rises slightly, the
unit must be shut down for regenera-
tion much sooner.

If the water content of a hydro-
carbon liquid rises above its solubil-
ity, an emulsion forms. Dr. Joshi said
that further testing of the adsorbents
(except S-100) showed that the
packed bed acts as an emulsion
breaker, even when completely
saturated with water.

This result indicates that a
second bed of pellets could be used
as a pretreatment step to protect the
main bed from operational upsets.
This arrangement holds promise as a
way to reduce the need to regener-
ate and to prolong the life of the
main bed.

U
Pennzoil has become a new

sponsor of the Separations Research
Program.

U
Separations researchers will

teach a 5-day short course on
"Separation of Fluid Mixtures"
February 8-12 at UT's Thompson
Conference Center.

The course deals with the most
prevalent methods used by industry
to separate fluids and emphasizes
the technology, economics, advan-
tages, and disadvantages of different
applications of these methods.
Research is not a major focus.
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honors Herbert H. Woodson (right) at a reception
for Energy Studies September 13. Dr. Woodson
ding director and leader for 14 years. He stepped
ing named dean of the UT Austin College of
well is the new director.

The audience for the course is
engineers and others who design,
operate, or analyze fluid separations
systems, such as distillation, mem-
branes, adsorption, liquid-liquid
extraction, and supercritical
extraction.

The teachers of the course will
be James R. Fair, head of the Sepa-
rations Research Program; Jose Luis
Bravo, program manager; and
chemical engineering faculty mem-
bers Keith P. Johnston, William J.
Koros, Donald R Paul, and Gary T.
Rochelle

For information about the course
cost and registration, contact Con-
tinuing Engineering Studies, College
of Engineering, The University of
Texas at Austin, Austin, Texas 78712,
512/471-3506 or 3396.

Services
UT Energy Tips, a newsletter

that encourages UT Austin faculty
and staff to save energy, premiered
in October. It is a joint project of the
center and the Utilities Division of the
university.

The first issue of the two-page
newsletter featured an introductory
letter from UT President William H.
Cunningham and articles on Energy
Awareness Month, ten ways to save
energy at UT, and energy retrofits to
campus buildings that will save
$650,000 a year.

Editor of UT Energy Tips is
Jennifer Evans, who also edits
Energy Studies U
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UT Austin
Bureau of Economic Geolo
to lead $22 million natural
gas recovery project in Tex

The Bureau of Economic Geol
ogy at The University of Texas at
Austin, in cooperation with the GaE
Research Institute in Chicago, has
been named the project manager,
a three-year, $22.25-million resear
program designed to maximize th
recovery of natural gas in Texas.

The program, dubbed the
Secondary Gas Recovery Project,
was announced September 6 by
Texas Governor Bill Clements and
US Senator Phil Gramm. Undertake
jointly by BEG, GRI, the US Depar
ment of Energy, and the natural ga
industry, the project will develop a
demonstrate technologies with the
near-term potential for producers t
better identify and produce natura
gas resources in known fields. Th
methodologies developed have
nationwide implications for the
improved efficiency of natural gas
production.

The Bureau of Economic Geol
ogy will coordinate all technical
studies and conduct a substantial
part of the research.

"Our goal basically is to try to
develop some greater verification
the volume and recoverability of w
we are calling secondary gas," sai
William L. Fisher, BEG director. "V

Energy
gy did a partial quantification of that

volume for a DOE study last spring,

as and this effort is designed to do the
necessary research, characteriza-

- tion, geologic modeling, and then the
testing and verification of those

s models."
The research effort will focus on

of two gas-producing regions of the
ch state: South Texas sandstone
e reservoirs and carbonate reservoirs

either in East Texas or in the Permian
Basin. Emphasis will be placed on
formations near the Gulf Coast,
particularly complex, vertically
stacked river deposits in formations

ken such as the Frio Formation, which
t- contains some of the most productive
as gas fields in the nation.

nd It is estimated that about 120
trillion cubic feet (tcf) of natural gas

o recoverable by improved methods
it exists in the lower 48 states, about 45ie

tcf of which is in Texas.

UT engineering professor
to head EPA Advisory Board

The new chairman of the Science
Advisory Board of the Environmental
Protection Agency is Raymond C.
Loehr, professor of civil engineering
at UT Austin.

of The EPA Science Advisory Board
hat is a body of independent scientists
id and engineers charged with assess-
Ve ing the scientific and technical

6

aspects of a broad range of con-
cerns, such as the toxic effects of
dioxin, ways to handle ash from
municipal waste incineration, and the
movement of pollutants in the envi-
ronment.

Dr. Loehr has been active on the
board for several years.

Energy-related courses
for engineers offered

Several energy-related short
courses will be offered in the first half
of 1989 by UT Continuing Engineer-
ing Studies:
0 Separation of Fluid Mixtures, Febru-

ary 6-10, see "Separations
Research Program"on page 5

0 Below Regulatory Concern (BRC)
Radwaste Disposal, February 6-
10, Nolan E. Hertel and Joe O.
Ledbetter

0 Engineering Calculations in Air
Pollution Control, February 20-24,
Joe O. Ledbetter and Howard
Liljestrand

0 Design of Fixed Offshore Platforms,
March 27-April 7, Jose M.
Roesset
Each course is taught by a

member of the UT engineering
faculty. To obtain full information
about a course, contact Continuing
Engineering Studies, College of
Engineering, The University of Texas
at Austin, Austin, Texas 78712. 512/
471-3506 or 3396.
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