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Over the last few years, nenbrane applications have broadened consi derably
and nenbranes are now used in a great variety of industries. This paper
reviews the characteristics of nenbrane systens used for gas separations,
and specifically | ooks at applications for the CGO /hydrocarbon separation
as applied in industry.

Sem - per nreabl e menbranes have been used for many years but primarily in
liquid applications such as reverse osnosis for desalination of water and
ultrafiltration for recovery of dyes in the textile industry. Mre
recently, sem -perneabl e nenbranes have found comercial application in the
separati on of gases. Monsanto is largely responsible for the comrercial
success of gas separation nenbranes. They used these nenbranes for recovery
of hydrogen in their own amonia plants for several years before

i ntroducing the product to industry. other suppliers of commercial gas
separ ati on nenbranes include Dow, Dupont, G ace, and Separex, with nore
recent announcenents by Uni on Carbi de and Ube.

menbranes are thin films of any one of a number of polymers which are
specially prepared and suitable for a particular application. Conmercially
avai | abl e gas separation nenbranes used for Acid Gas Separations have been
primarily: polysul fone and cell ul ose acetate.

The polyners form ng the menbrane may be manufactured in either flat-sheet
or hollowfiber form In the case of the hollow fiber, many parallel holl ow
fibers are packaged together in a manner anal ogous to a sheet-and-tube heat
exchanger (Fig. 1).

In order to increase packing density, flat-sheet nmenbranes are produced in
spiral -wound nodul es. (Fig.2)

The net result for either hollowfiber or spiral-wound nmodules is a snal
package containing a | arge surface area of nmenbrane. O the four gas
menbr ane systens available, two are hollowfiber type and two are

spi ral wound.

Characteristics

The driving force for perneation of the fast gas (and therefore separation
of the fast gas fromthe other slow conponents) is the difference in
partial pressure fromone side of the menbrane to the other



The driving force is greatly dimnished as the fast gas is renoved and the
partial pressure is reduced. The anount of pernmeate produced for the same
smal | increnent of area is nuch | ess when the partial pressure is | ow.

For exanple, with a feed gas at 500 psia and a CO, perneate at 50 psia, it
takes alnost ten tinmes as nmuch nenbrane area to all ow one nol e/ hour of CO
to pass at 10% CO, in the feed as it does at 70% CO, i n the feed.

On the other hand, the partial pressure and therefore driving force of the
slow gas is increasing as the fast gas is renoved. At | ow concentration of
fast gas, not only is nore nenbrane area required, but the | oss of other
conponents becones significant.

Therefore, very pure conpositions are not economically or practically
attai ned, and nenbranes are not the process of choice under normal
circunstances at very | ow concentration of fast gases.

To overcone the potential |oss of desired product, nmenbranes are used for
bul k renoval foll owed by nore conventional processes. Stagi ng of nenbranes
is also possible and used in smaller systens.

Menbrane systens are sinple. They do not have a great deal of associated
hardware; there are no noving parts, and this is usually an advant age.

They are nodular in nature. That is, there is no significant econony of
scale, so they will tend to be nore attractive when processing | ower flow
rates than larger flow rates. (Mst conventional technol ogies do realize an
economny of scale.)

A great deal of nenbrane area is typically packaged in a small vol une.
Therefore, the entire nmenbrane plant usually requires |ess space than
conventi onal processing.

Because menbranes are sinple and have no noving parts, start-up and
operation of a nenbrane facility is rather straightforward.

Care must be taken in the design, start-up and operation, to protect
menbr anes from cont ami nants, which could have a del eterious affect on the
life of the nmenbrane surface.

There are differences in the characteristics of the commercial nenbranes
avail able as well, and these may cone into play in the selection and design
of the overall process. Cellul ose acetate nmenbranes enjoy higher
selectivity between CO, and net hane than pol ysul fone; therefore, a cleaner
separation is possible. In other words, the nethane recovery will be

hi gher. However, polysul fone enjoys a distinct tenperature advantage in
that the pol ysul fone menbrane may be operated at close to 200°F. Sone of

t he newer nenbranes being introduced have even hi gher tenperature
stability.

This is particularly inportant when treating associ ated gases w th heavy
hydr ocar bon content.



In order to avoid condensati on of heavi er hydrocarbons or natural gas
liquids during CO, renpval, it is normally necessary to pretreat the gas
bef ore the menbrane separation. In the case of cellul ose acetate nenbranes,
the gas may be chilled to condense out the heavier hydrocarbons and then
war med back up before feeding to the nenbrane unit. Another option is to
heat the gas up so that the hydrocarbon dew point is not reached even after
CO, renoval . The problemwith this approach is the tenperature linmtation
of the nmenbrane. Wth pol ysul fone operated at the higher tenperature, the
second approach is possible and advantageous. It is possible to take gas
directly fromthe conpressor discharge and feed it to the nmenbrane
separation. The higher tenperature also allows nore CO, gas to perneate the
menbrane since the perneation rate is a function of tenperature; therefore,
| ess nenbrane area will be required.

Appl i cati ons

"Fast gases" will perneate the sane nmenbrane nore readily than "sl ow gases”
with an equal driving force (Fig. 3). Hydrogen, helium and water vapor are
consi dered very fast gases. That is, they will travel through the nmenbrane
much nore readily than other gases. Mderately fast gases include the acid
gases, carbon dioxi de and hydrogen sul fide. Sl ow gases which tend to remain
behi nd and not perneate the nenbrane include the aliphatic hydrocarbons,
nitrogen, and argon. It is, therefore, not surprising that the first
applications of these gas separation nmenbranes have been the recovery of
hydrogen, a fast gas, frompurge streans in the production of amoni a which
contain nitrogen and argon, slow gases; and in refinery applications where
hydrogen is recovered from hydrocarbon streans. Mich of the optimsmfor
growmh in the nenbrane industry is based on projected hydrogen usage in
future years due to heavy and/or sour crude processing.

One area which is an attractive, but sonewhat elusive, nmarket for

menbr anes, and of special interest to the gas industry, is separation of

aci d gases from hydrocarbon streans, specifically, the separation of CO

frommethane. CO, is only a noderately fast gas, but the volunme of gas to
be treated for CO, renpval can be huge. Sone of the areas where nenbranes
have found conmercial application for separation of CO, and hydrocarbons

are reviewed bel ow.

Certain type gas and oil wells are suitable for increased production by
fracturing. In the fracturing process, high-pressure fluids are injected
into the well reservoir to swell and fracture the formation. Next, a slurry
of sand is fed into the well to fill the fracture. This forns a highly
porous channel for gas and oil to flow to production wells. Carbon di oxide
has found use as the pressurizing fluid for gas and oil well fractures.

Fracture treatnments using CO, are boosting production fromtight oil and
gas sands in North Loui siana, South Arkansas and East Texas. The increase
in production, after fracs, has averaged 6 tinmes for oil wells and 3-4
times for gas wells. The payout time for a CO, frac project averages

one- and-a- half nonths. The associated gas i medi ately foll owi ng CO,
fracture necessarily contains |arge concentrations of carbon di oxi de. The



concentration diminishes rather rapidly so, for example, in one project, the initial CO, concentration one
day after the fracture was 50 to 70% CQ,. Within aweek, the concentration of CO 2 had reduced to
approximately 10% and more slowly thereafter, until reaching levels suitable for pipeline transmission.

Membranes are excellent for treating these associated gases because of their modular nature and
portability. Immediately following a CO, frac, membranes may be used to remove CO, from methanein
the associated gas and as the CO, content comes back down , the membranes may be removed and used
elsawhere . Separex reports at least two portable membrane systems are in use for this application, and
one of these has already been used at three sites.

The CO, has some methane in it and is typically burned for fuel or flared.

One of the newer sources of methane gas comes from landfill and also digester gas. Both of these gases
are approximately 50% carbon dioxide and 50% methane. This high CO,. concentration and low
volume of gaslendsitself well to membrane processing. Monsanto reports one plant in Alabama which
treats 100,000 SCFD and upgrades the gas from 600 BTU/SCF to 960 BTU/SCF.

Separex reports use of their membrane at a landfill operation processing 1 1/2 - 2 MM SCFD. Feed
gas concentration ranges from 42-44% carbon dioxide with as much as 2-3% air. CO isremoved to
provide a gas with a heat content of 900-950 BTU/SCF. In this particular plant, two stages of
membranes are used in series with arecycle of the permeate from the second stage to the feed
compressor suction. The gasis pretreated in two beds of carbon and a coalescing filter separator before
entering the first stage of the membranes. This plant has been operating since August of 1984.

Sometimes gas will be produced which is not acceptable for pipeline transmission, but if the CO,
concentration can be reduced dightly, the gas will meet specifications.

Sun Exploration & Production Company reports membranes to be the least cost option for their
operation at the Baxterville field (Mississippi, USA). They process 575,000 SCFD and reduce the CO,
content from 5% to 2% specification.

The largest potential application for CO, /Hydrocarbon gas separation membranes today is in the
processing of gases associated with CO, miscible flood for enhanced oil production.

The April 1986 Oil and Gas Journal " Production/Enhanced Recovery Report" indicates approximately
30,000 BBL/day of incremental oil production by CO, flood in the U.S.

The gases associated with this stimulation technique vary greatly in composition and volume over the
life of the project.



In many instances, existing gas processing facilities for acid gas renoval
and NG recovery are avail able but incapable of handling the increased
vol ume and hi gh CO, concentration

The carbon di oxi de concentration in the associ ated gases can increase to

| evel s as high as 90 percent in as short a period as 6 nonths, although
carbon di oxi de breakthrough within 3 to 5 years is nore likely. This neans
the gas processor has to contend with gases containing 80-90 percent carbon
dioxide and 5 to 10 tines the volume of gas in the space of 2 to 3 years!
This rise in gas volunme has a profound effect on gas gathering and

treat nent.

Menbranes are an excellent candidate for renoving carbon di oxi de from

nmet hane at the high concentration | evels. Al so, due to their nodul ar
nature, menbranes can be added, as required, as the CO, concentration
rises. The CO, can be produced at internediate pressure to reduce
conpression costs for reinjection. Therefore, nenbranes can be effectively
used for bulk removal of CO, so that the remmining gas can be processed in
exi sting equipnent. In fact, this option is already being chosen by severa
CO, fl ood operators.

Uni on Texas Petrol eum has begun injection in Texas with 10 MM SCFD of CO,
purchased fromthe Sheep Myuntain pipeline. They use Monsanto nenbranes for
CO, renoval fromthe associated gas upstream of an existing amne unit and
cryogenic NG recovery facility.

SACRCC is the only large comercial -scale CO, flood project with a
significant history. This CO, fl ood project has been in operation since
1972. After pilot testing nenbranes for over one year at the project, two
hol | ow fi ber menbrane plants were installed. These two units are owned and
operated by CYNARA, a Dow subsidiary. The units handle 50 MM SCFD and 20 MV
SCFD of associ ated gas containing 40 to 70% CO,. Menbranes are used for

bul k renoval of CO, upstream of the hot potassium carbonate units. The CG
product from de menbranes is reinjected into the field. Start-up of these
units was conpleted early 1984, and the units continue to operate

sati sfactorily.

AMOCO i s using Monsanto nenbranes at their Central Mallet Unit in the

Sl aughter field. Menbranes are used to renove approximately 60% of the CG,
from produced gas which is expected to reach a volunme of 100 MM SCFD and a
concentration of 88% CO 2. The gas is conpressed and air cooled to knock
out hydrocarbons and prevent condensation in the nmenbranes before reheating
to 180-190° F. AMOCO was able to stage their capital expenditures by
installing menbranes eight nonths after initial conpletion

Fl uor has devel oped a conbi nati on process which uses both menbranes and
distillation to advantage. Menbranes are used first to renmove the bul k
quantity of CO, and then used in a distillation schene to renove carbon
di oxi de fromthe ethane CO, azeotrope. (Fig. 4)

Use of nenbranes to renmove CO, fromthe azeotrope is an excell ent
application of menbranes since the concentration of CO, is quite high
(approxi mately 65%, and the separation factor for CO, relative to ethane
is substantially better than the separation factor for CO, in methane. The
use



of menbranes as a bul k CO, renpval device upstream of distillation also has
an advantage in that it greatly reduces the turndown problens in operating
a plant which nust be designed for peak capacity, yet during early stages
must be operated at a small fraction of the vol ume throughput.

Caveat

VWile it is true there have been two rather significant plants constructed
and now i n operation, using nenbranes, to process gas from CQO, floods (the
Chevron SACRCC Pl ant and AMOCO Central Mallet Plant) and one smaller plant
(Uni on Texas Petroleunm), the conpetition for processing by distillation
techni ques (i.e., Ryan-Hol nmes type process) is very strong. In fact,
econom cs lean toward the distillation process for higher volune gases. At
SACRQC, high capacity hot potassium carbonate units were in place and. in
operation to handle relatively high CO concentrations prior to the
installation of the Dow nmenbranes. The nenbranes were used essentially to
i ncrease capacity of an already operational plant.

The AMOCO unit was al so unique in the sense that AMOCO has contractua
obligations to provide hydrocarbons to an existing NG Recovery Pl ant.
AMOCO, as a conmpany, is in fact using distillation at their CO, flood in
the Wasson field and, by their own analysis, expect future plants to use
distillation techniques.

A study presented in the August, 1983 issue of Hydrocarbon Processing
(special menbrane issue) denonstrated use of Fluor's Conbination process to
have econoni c advantage over straight distillation. However, the econonic
advant age was not great, and given the famliarity of operators with
distillation-type equi pnment, and their unfamliarity with the relatively
new t echnol ogy of gas separati on nenbranes, this approach has not been used
commerci al ly.

One of the major cost itens is the cost of the initial inventory of
menbr anes t hensel ves and their replacenent. A point to be nmade here is
processi ng gases from CO, fl oods may provide a very |large and substanti al
mar ket for gas separation nenbranes. However, at their current cost,
straight distillation techniques will continue to be preferred except in
certain special circunstances.

Even when the recovery of natural gas liquids (as in the case of associated
gas fromCQO, floods) is not a factor, econom es of scale can work agai nst
the use of nenbrane systens for separation of acid gases from hydrocarbons.

As reported in the Gl and Gas Journal (February 18, 1985), Fluor recently
had the opportunity to do a screening study for Petrol eum Corporation of
New Zeal and to eval uate gas pretreatnent options.

Gas, containing approximately 44 nole percent CO2 (Table I), is received
by pipeline fromraw gas conditioning facilities. The CO, renoval systemis
designed to reduce the CO, content of gas to 5.5 nole percent. Byproduct
carbon dioxide is used for nethanol plant feed.



The primary processes consi dered were Menbranes, Menbranes plus Benfield
and a tertiary am ne, TEA

Menbranes were thought to be an excellent candidate for several reasons:

1. Leakage of nmethane into the CO, was not a deterrent since CO, and
met hane woul d be fed to the nethanol plant together. The CO, i ncreases the
carbon content of the feed and inproves efficiency of nethanol production

2. The relatively high concentration of CO, (40% in the feed gas was
typi cal of gases which were economcally treated by nmenbranes.

3. The client had visited the SACRCC facility and was inpressed by the
operation of menbranes there.

For nore details, refer to the Gl & Gas Journal article

Capital and operating cost estimates were prepared for the purpose of
screening the cases to select one for final evaluation. Screening quality
capital cost estinmates were nade for each case based primarily on nmenbrane
system costs from Cynara, supplier of Dow nenbrane systens, and Benfield
and TEA system costs from Uni on Carbi de

Uility requirenents were treated as operating costs. Menbrane |ife was
estimated conservatively at 3 years, while nenbrane system mai nt enance
costs were neglected on the basis that they would be small conpared with
menbr ane repl acement costs.

Al cases were then conmpared on the basis of total evaluated cost, defined
as capital cost plus four years of operating cost. A summary of the
screening estimate results is presented in Table 11

The nost dramatic difference is between the nmenbrane only case (with
recycle) and the conbinati on of menbranes and Benfield. This again points
out the rapid decline in performance as concentration of the fast gas is
reduced.

However, the study showed an advantage for TEA over even the best nenbrane
case, (nenbranes followed by Benfield). Today, even further advantage can
be realized by use of activated MDEA (another tertiary am ne) processes

of fered by BASF and Uni on Car bi de.

Publ i shed studi es and studies by Fluor have shown the opposite results from
t he New Zeal and situation when | ooking at gases associated with CO, fl ood
projects. Differences to cause this result were identified.

1. ECR projects exam ned typically have a higher CO 2 content (50-90%
CO). Menbranes | ook nore attractive at higher concentrations. TEA is at
about maxi mum | oadi ng for this case.

2. Control of hydrocarbon dew point during CO, removal can contribute
significantly to costs. The feed gas has already had sufficient |iquids
renoved and dew point control is not part of this study.



3. The vol une of hydrocarbons bei ng processed is much higher for this
study than in EOR cases. Menbranes do not enjoy econom es of scal e;
conventional (TEA) processing does. This factor al one could shift the
results.

A sensitivity analysis was run to exani ne effects of certain assunptions
used for this case study.

The 3-year life for menbranes was extended for 5 years. Capital for the
Benfield unit was reduced to take advantage of larger Benfield unit

avai | abl e for downstream processing and capital was added to the TEA case
for final CG, cleanup with Benfield.

TEA still showed an advant age!

Ef fect of Size

Next the effect of gas vol ume was exam ned.

ECR projects studied to date have | arge CO, concentrations and vol unmes over
100 MM SCFD. However, if we | ook at hydrocarbon content, the |argest
projects have 5-15 MM SCFD of hydrocarbon. SACROC is | arger but already
conmmitted to hot pot units in place. The study gas had about 60 MM SCFD of
hydr ocarbons or a factor of about 10 over typical EOR applications.

We extracted the costs and very roughly adjusted themfor a 1/10 flow rate
with the follow ng factors:

I[tem Fact or
Menbrane System (1/10)*°
Conpr essor (1/10) %%
Process Equi pnent (1/10) %%
Initial Inventory (1/10)*°

The best nenbrane case (nenbranes plus Benfield) now had a slight advantage
over TEA

The results of this study are therefore in agreenent with past studies by
Fl uor and those published in the literature.

This study al so agrees with AMOCO s design phil osophy at the Central Mll et
unit where gas is first processed by nmenbranes, then by a tertiary am ne
(activated MDEA) before finally going to a conventional am ne plant for
final CO renoval.

Concl usi on

Menbranes will clearly find use for carbon dioxide/ hydrocarbon separations
in the areas where they fit best, nanely, |ow volume applications,
tenmporary or short terminstallations, or where size and wei ght savi ngs
will provide a significant premium For noderate and | arger installations,
they will be used in conbination with other processes. To achieve a
substanti al



sustained grow h in | arge vol une gas processing applications, the cost of
processing with menbranes will have to cone down. This may come from an
actual reduction in price or a substantial increase in performance, so that
the net systemcost to the operator is reduced. Only then will they conpete
effectively with the distillation schenes bei ng enpl oyed t oday.

VWhen nenbranes are being considered for a project, they should be
considered in conbination with other suitable processes and not only as a
st and- al one process. This can lead to a | arge nunber of options.
Fortunately, menbrane systens can be readily simulated on the conputer for
rapi d screeni ng of these options.
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