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The Cynara membrane
system at Occidental Oil
& Gas Corp.’s Mallet CO2-
removal facility, Sun-
down,Tex., has processed
100 MMscfd of gas with
an online availability
greater than 99% since
1994 and is being expanded to process
an additional 100 MMscfd of gas.

Membranes are reliable process ele-

ments for CO2 removal when properly
applied. Semipermeable membranes
have been in commercial operation for
CO2 removal from hydrocarbon gas
streams since the early 1980s.

This article reviews the rationale for
selecting membranes and the factors

contributing to the successful 10-year
operation of membranes at the facility.

When properly applied, membranes
have a long life and low operating cost.
At the Mallet facility, membranes have
proven to be a reliable, cost-effective
solution during the 10+ years of oper-
ation.

Occidental Mallet
Semipermeable membranes have

been operating at the Occiden-
tal Mallet facility (Fig. 1) since
1994 and are an integral and
critical part of that facility’s
performance.These membranes
perform bulk removal of CO2
before downstream treating and
significantly reduce the size and

cost of the downstream CO2-removal
equipment.

Occidental selected membranes for
this facility based on installed capital
and operating cost for the total CO2-re-
moval facility as well as other opera-
tional concerns such as availability, ease
of operation, and safety.The alternative
was to install two additional methyl di-
ethanolamine (MDEA) units.
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The Mallet CO2-removal
facility is being expanded

to process an additional
100 MMscfd of gas.The
CO2-removal module is

circled in the lower right
(Fig. 1).



The membrane
system offered a
30% reduction in
operating cost
compared to the
MDEA system.The
membrane system
has fewer moving
parts and critical
controls.

To have a suc-
cessful facility de-
sign, the CO2-re-
moval unit must
be considered as a
whole, rather than
individual systems placed together.

Facility description
The Mallet CO2-recovery facility was

built to recover CO2 from associated
gas produced from crude that resulted
from CO2 injection for enhanced oil re-
covery.The Mallet plant uses chemical
processes for CO2 recovery while using

the nearby Slaughter natural gasoline
plant for NGL recovery.

Feed gas to the CO2-removal section
contains approximately 90% CO2 and a
significant amount of heavy hydrocar-
bon components (Table 1). Both CO2
and hydrocarbon
components are
considered prod-
ucts.

Fig. 2 shows a
simplified flow di-
agram of the Mal-
let facility.

The Mallet
plant uses chemi-
cal processes in
addition to mem-
branes to recover
CO2 and sweeten
the hydrocarbon
gas. It uses mem-

branes, MDEA, and AP-810 (MDEA) to
recover and remove CO2 and H2S.The
remaining 14-15 gpm of hydrocarbon
gas goes to the Slaughter gasoline plant
for final NGL recovery.

Membranes are the first step in re-
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Component Fraction, vol %

Carbon dioxide 89.9
Nitrogen 0.7
Hydrogen sulfide 0.3
Hydrocarbons

Methane 3.8
Ethane 1.8
Propane 1.5
Butanes 1.1
Pentanes 0.5
Hexanes and heavier 0.4

Total hydrocarbons 9.1

MALLET MEMBRANE FEED GAS Table 1
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covering CO2; they remove about 70%
of the total CO2 from the inlet associat-
ed gas, which contains about 90% CO2.
The next step uses MDEA absorption
and flash regeneration.The final step in
CO2 and H2S recovery and sweetening
uses a conventional AP-810 (MDEA)
system.

Hydrocarbon product gas leaving the
Mallet facility contains less than 1.5%
CO2.

All of the CO2 and H2S is
removed at low pressure and
is compressed up to 550
psig.The H2S is then selec-
tively stripped from the CO2
using a Selexol process. The
CO2 is then dehydrated with
tetraethylene glycol and
compressed to a final reinjec-
tion pressure of 2,500 psig.
The CO2 stream leaving the
facility contains less than 100
ppm H2S, more than 95%
CO2, and less than 25
lb/MMscf of H2O.

Membrane description
Gas purification occurs

when the CO2 dissolves into
the membrane, diffuses
across the membrane wall,

and exits on the low-pressure side of
the membrane.The rate of CO2 perme-
ation across a given membrane is a
function of CO2 composition, feed gas
pressure and temperature, membrane
material and thickness, and pressure on
the membrane’s downstream side (per-
meate pressure).

Permeation of CO2 is not a perfect
separation; other components in the

mixture will permeate the membrane.
The permeation rate of these compo-
nents depends on the membrane mate-
rial and particular component.

Fig. 3 shows the relative permeation
rate for commonly separated compo-
nents—the heavier the hydrocarbon
component, the slower the permeation
rate.

There are generally two membrane
configurations, spiral wound and hol-
low fiber.

Fig. 4 shows a spiral wound mem-
brane device and Fig. 5 shows a hollow
fiber type device.The membranes used
at the Mallet facility are Cynara hollow
fiber membranes manufactured by
NATCO Group Inc. Each membrane el-
ement is about 12-in. diameter, 40-in.
long, and contains approximately 2,500
sq ft of surface area.The new plant will
use 16-in. diameter, 72-in. long mem-
brane elements with roughly 3.5 times
the surface area of the 12-in. elements.
The membrane fiber is cellulose triac-
etate.

Fig. 6 shows the actual membrane
elements.

Membrane process description
Fig. 7 shows the membrane process

flow diagram.
Compressed inlet gas from the field

is received at approximately 350 psig.
Before entering the membranes, the gas
is cooled and dehydrated.

Components that are most
detrimental to membranes
include liquid water, glycol,
amines, lube oils, and heavy
hydrocarbon components
(C6+).Various membrane
materials react differently
when exposed to such com-
ponents; all membrane de-
signs must consider pretreat-
ing these components before
the membrane.

Pretreatment at Mallet is
similar to that employed at
many other facilities.

Fig. 8 shows the mem-
brane facility at the Mallet
gas plant.

After compression, the in-
let gas flows to the mem-
brane pretreatment portion
of the plant where it is
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Membrane elements come in all sizes.The Mallet facility is installing 16-in.
elements in its 2005 expansion (Fig. 6).



cooled via cross
exchange with
product streams
from the mem-
brane.The gas is
then cooled to
about 70° F. in a
small propane re-
frigerated chiller.
This controls the
amount of heavy
hydrocarbons
(C6+) entering the
membrane.

Large quantities
of aromatic com-
ponents and C8+
components are
detrimental to
membrane per-
formance. Chilling
the feed gas flow-
ing to the mem-
brane allows one
to control and
limit the composi-
tion of these com-
ponents.

Particular con-
cerns are signifi-
cant changes in actual inlet composi-
tion, changes in future inlet gas com-
position, and upset conditions.The
chiller allows more flexibility and is
more forgiving with respect to heavy
components that were not indicated in
the expected gas analysis.

Fig. 9 indicates the effect of remov-
ing heavy hydrocarbons by
chilling to only 70° F. Only
about 12% of the C6 compo-
nents are removed in the
chiller-separator; however,
41% of C7s, 67% of C8s, and
more than 75% of C9+ com-
ponents are removed.

The chiller-separator sends
condensed liquid to a stabi-
lizer; the gas is dehydrated in
silica gel beds to protect the
membrane from liquid water.
Membrane performance can
be permanently reduced if
the membrane is contacted
by liquid water, which could
occur during upset condi-
tions.The desiccant beds also
serve as a guard bed to pro-

tect against carryover of treating fluids
and heavy hydrocarbon components.

After pretreatment, gas flows to the
membrane devices where the CO2 is re-
moved in two stages (Fig. 7). No at-
tempt is made to avoid condensation of
hydrocarbons on the hollow fiber
membrane elements. In fact, due to the

amount of CO2 removed, it would be
difficult to totally avoid hydrocarbon
condensation by simply superheating
the gas.

The membrane system is designed
to handle hydrocarbon condensation.
The hydrocarbon liquid formed on the
membranes combines with hydrocar-

bon liquid from the chiller-
separator.

The current feed flow rate
is about 102 MMscfd and
contains 90% CO2 at 350
psig.The first-stage mem-
branes permeate about 50
MMscfd at 225 psig and the
second-stage membranes per-
meate about 17 MMscfd at
85 psig with an overall CO2
recovery of 70%.

Nonpermeate from the
first-stage membranes flows
to the second-stage mem-
branes where the permeate
pressure is approximately 85
psig. Most of the CO2 is re-
moved in the first-stage
membranes at 225 psig.This

Occidental’s existing dehydration unit prior to CO2-removal unit can treat
100 MMscfd (Fig. 8).
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ability to separate most of the CO2 at a
higher pressure significantly reduces
the compression required for CO2 rein-
jection, because such pressure is the
suction pressure for CO2 recompres-
sion.

Operating history
The Mallet membrane unit was in-

stalled in 1995 and has three
skids with 90 membrane
cases and a capacity of 100
MMscfd. Expansion to be in-
stalled in 2005 will double
this capacity. Fig. 10 shows
the existing membrane skids
and the new membrane ele-
ments that are being pre-
pared for installation.

Two skids were placed in service in
1995.Table 2 shows the additional
membrane elements that the Mallet
plant added. Only five elements were
replaced in 10 years of operation.

Membrane systems
Users must adhere to strict design

considerations to enable successful CO2

separation using membrane systems:
• The end user should provide the

most complete inlet gas analysis avail-
able to the plant design team.The de-
signers should assume that the inlet gas
will contain more C6+ components
than the analysis indicates. The analysis
should include an estimate of what may
be injected upstream of the facility,
such as corrosion inhibitors and other
treating fluids.

• The end user should provide a
production forecast for the facility.
Membrane systems are flexible because
membrane devices are easily added or
removed as capacity changes.

• The design team should consider
membranes as a process system integral
to the facility. Other process streams in
the facility can be sent to or from the
membrane system.

• The plant design should be a
joint effort by the end user, engineer-
ing contractor, and membrane supplier.

Mallet membranes
Membranes were chosen instead of

other technologies at the Mallet CO2-
removal facility because:

• Membrane durability
lends to fewer replacements
and lower operating costs.

• Membranes recover CO2
at lower partial pressure,
which lowers the system op-
erating pressure and reduces
total compression.

• The CO2 is recovered at
relatively high pressure,

Membranes Membranes CO2 re- Membrane feed 
Year in service replaced moved, % rate, MMscfd

1995 60 0 72-75 85-90
1995-97 60 0 70-72 85-90
1997 75 0 70-72 95-100
1997-98 75 0 70-72 95-100
1998-99 83 0 68-70 98-102
1999-2003 90 0 65-70 98-102
2003-04 90 5 68-72 102-108

MALLET MEMBRANE HISTORY Table 2

These photos show the existing membrane skids (left) and the new membrane skid (right) that will be installed in 2005 (Fig. 10).
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which reduces CO2 injection compres-
sion.

• Membranes use less energy than
chemical processes.

• Membranes lower the installation
cost due to simple design and modular
construction.

• Membranes have no moving parts.
• Membranes reduce downstream

equipment size and cost by reducing
the CO2 load on the downstream
equipment.The tower size in a down-
stream amine unit can be reduced by as
much as 40%, condenser duty can be
reduced by as much as 50%, and re-
boiler duty can be reduced by as much
as 40%.This also translates to less elec-
trical and chemical use. ✦
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30” membrane (left) and 16” membranes
(right) at NATCO’s 550 MMscfd SACROC
facility near Snyder, Texas

16” membranes at CTOC’s 700 MMscfd
Cakerawala platform in the Gulf of Thailand

12” membranes at Unocal’s 240 MMscfd
Pailin platform in the Gulf of Thailand
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Why you should choose NATCO Group

Research and
development
NATCO Group  op-
erates R&D    facili-
ties in the USA,
Canada and the UK.
Through this
commitment the
company brings new
exciting products to
the market place
every year.

Best available
technology
NATCO Group
brings to the oil
and gas market the
largest and most in-
novative portfolio of
compact oil, gas and
water treatment
technologies
available. In       ad-
dition, via its    labo-
ratory test loops or
via CFD analysis, the
company is able to
simulate field  condi-
tions in order to tai-
lor unique  solutions
to difficult problems.

Experience you
can trust
NATCO Group
companies have
been at the forefront
of process systems
supplies for over 75
years and, through
product and project
management    in-
novation, continue
to be the market
leader.

Global
coverage
NATCO Group,
through its main en-
gineering centers
and its many  re-
gional offices,   pro-
vides global   sup-
port to our    cus-
tomers. Whether it is
help in developing
conceptual designs,
or parts and service
support in the field,
the local team is on
hand to help.

Best
value
NATCO Group aims
to provide our
customers with best
value solutions. Best
value is realized via
many parameters,
such as efficient
project management
and design, good
quality control,  in-
novative       equip-
ment designs, re-
duced operating
cost, low life cycle
costs, and high
availability.
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