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Abstract: - The emission of CO2 has been increasing steadily and reached the critical concentration of 400 ppm
in 2013 for the first time. CO2 removal from the sources such as fossil-fuel power plants and similar sources is
of paramount importance to these industries and to reduce the effect on global warming. A two-step process is
investigated experimentally to remove CO2 from a synthetic mixture of natural gas containing it. The first-step
of the process is based on the modified Solvay process and involves the chemical reaction between CO2 and
ammonia in saline solution. This process can reduce CO2 by about 99% and at the same time it can reduce
water salinity by 40%. The process produces sodium bicarbonate and ammonium chloride which are at high
concentrations. The second step uses a membrane extraction method to reduce the concentration of ammonium
chloride to produce treated water that can be used for irrigation purposes. This combined process is potentially
more effective and less harmful than the conventional amine scrubbing process. This innovative process has
been applied to the sweetening of natural gas in the laboratory and can be extended to treat similar sources.
Simultaneous reduction of salinity to produce treated water is an additional benefit of this process.
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1 Introduction and gas extraction industries are creating problems
and require urgent solution. Therefore, the available
commercial processes are being evaluated and new
processes are being investigated for complete or
partial removal of CO2 preferably using the huge
amounts of saline water around (or produced in) the
GCC countries.

Power plants, oil refineries, desalination plants, steel
mills, paper mills, cement factories and other
facilities create megatons of manmade CO2
emissions that are beyond the earth’s ability to
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Ismail and David, 2001). The processes are
becoming competitive but yet to be economical for
commercial applications.

In this paper a simple process is considered that can
substantially remove CO2 from either natural gas or
exhaust gases (a conceptual view is shown in Fig.
1a) by chemically reacting with the salt in the brine
in presence of ammonia (Abdel-AAL et al., 1996;
Chaalal et al., 2007; Chaalal, 2007). The objectives
of the project are to provide an effective method: (1)
to reduce carbon dioxide from natural gas and
similar sources, (2) to transform saline water
(discharged from desalination or oil and gas plants)
into irrigation water and (3) to produce chemicals
such as soda ash that has use in chemical, medical
and food industries.

2 Experimental procedure

Step A: Removal of carbon dioxide and desalination
of seawater

Initial experiments were performed to determine the
absorption of pure carbon dioxide in ammoniated
seawater. The effect of temperature and the molar
ratio of ammonia/sodium chloride was also
examined. In the next stage 1.5 | of seawater ( the
composition is listed in Table 1) were mixed with
0.5 | ammoniated solution. A synthetic mixture of
natural gas composed of 90% methane and 10%
carbon dioxide was passed continuously through the
solution. Similarly the exhaust gas from a car diesel
engine containing 4.8% carbon dioxide was also
trialled and allowed to pass through the ammoniated
seawater. The gas flow rate was maintained at 0.7
I/min and the experiments were conducted at of 25
°C and 1 atm. The carbon dioxide and the ammonia
contents in the exit gas were measured by using a
gas chromatograph (Model CP-300, Varian,
Netherlands). The NaCl content in the desalted
water was measured by atomic absorption using an
ICP  spectrophotometer (Varian 710-ES 03,
Australia). Also, samples were taken from the
solution, filtered and analysed for salt ions. The
precipitate formed during the carbonation reactions
was filtered and heated at 300 °C for two hours to
transform the sodium bicarbonate to sodium
carbonate.

Step B: Reduction of ammonium chloride in
desalinated water

In this step a membrane-based solvent extraction
technique was applied wusing a hollow-fiber
membrane contractor (Hossain and Chaalal, 2012).
The hollow fiber membrane contractor, 5PCM-218,
was purchased from Hoechst Celanese Corporation,
Charlotte, NC, USA. The contractor had a shell and
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tube configuration with hollow fibers (Celgard X-30
type) potted with polyethylene case. This type of
contactor allows flow of two phases without being
dispersed and provides large surface area per unit
volume, compared to the conventional contactor.
These are also available with very large area for
mass transfer and can be used for both liquid and
gas phase separation processes. A schematic
diagram of the hollow-fibre membrane contactor is
shown in Fig. 1b.

Table 1: Composition of seawater in GCC region

Description ~ Concentration (mg/l)
Total solids 43977

Sodium 14100

Calcium 511

Magnesium 1490

Chloride 24300

Bicarbonate 166

Sulphate 3410

Bromide 52

pH 7.8-8.5
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Figure la. A schematic drawing of the proposed
process.
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Figure 1b. A schematic diagram of the membrane
contactor for removal of ammonium chloride.

3 Results and Discussion

The sodium percentage removal is shown as a
function of time in Figure 2. Approximately 40% of
sodium can be removed (as ammonium chloride)
from seawater using a molar ratio of NH3/NaCl
more than 1 and within 1.5 hours of contact time.
This removal performance increased slightly with
the increase in the ratio of initial concentration of
ammonia to sodium chloride.
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Figure 2: Removal (%) of sodium from seawater
(3.5% sodium chloride) as a function of time.

The experiments for the removal process were
conducted using two sources of CO2: (1) a synthetic
natural gas mixture, containing 10% CO2 and 90%
CH4 and (2) a sample of exhaust gas collected from
a diesel car (4.8% carbon dioxide) by contacting
with ammoniated seawater. A white cloud was
observed immediately after adding the ammonia to
the seawater samples, which disappeared a few
minutes after the injection of the streams with
carbon dioxide through the solution. The changes in
concentration of carbon dioxide for the exit gas
samples of (1) and (2) are shown in Table 2. It is
observed that the CO2 concentration decreased from
9.5% to 0.2% producing a sweetened gas of CH4
composition of 99.8%. It is observed in Figure 3
that after 200 minutes the concentration of carbon
dioxide increases again, the system reached
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saturation with respect to ammonia concentration as
it was not added continuously. This also suggests
that had the process been made continuous by
supplying ammoniated solution it would have
performed similarly and the carbon dioxide would
have been removed at such a high rate.

From the results of carbon dioxide reduction in the
synthetic natural gas with ammoniated seawater
(3.5% wiw salinity) is shown in Table 2, it is
observed that the time required is very short (in
minutes) to reduce carbon dioxide concentration
from 10 % to almost 0%. Similar performance in
reducing CO2 is also observed in the results with
formation water( 8% w/w salinity) from oil
exploration plant. The reduction of CO2 the
exhaust gas of a diesel car is also shown in Table 2;
again within a few minutes the reduction is
complete. Therefore, it is evident that the process
works well over a wide range of “real” industry
samples with excellent reduction of CO2 in a
considerably shorter time of a few minutes.

Table 2: Carbon dioxide (%) at the exit of the
absorber using (1) natural gas as feed and (2)
exhaust gas from a diesel car.

description/Components | Concentration (mg/L)
Total solids 43977

Sodium 14100

Calcium 511

Magnesium 1490

Chloride 24300

Bicarbonate 166

Sulphate 3410

Bromide 52

pH 7.8-8.5
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Figure 3. Concentration of carbon dioxide in the exit
gas (sufficiently clean).

From the results of carbon dioxide reduction in the
synthetic natural gas with ammoniated seawater
(3.5% wi/w salinity) is shown in Table 2, it is
observed that the time required is very short (in
minutes) to reduce carbon dioxide concentration
from 9 % to almost 0%. Similar performance in
reducing CO2 is also observed in the results with
formation water( 8% w/w salinity) from oil
exploration plant. The reduction of CO2 the
exhaust gas of a diesel car is also shown in Table 2;
again within a few minutes the reduction is
complete. Therefore, it is evident that the process
works well over a wide range of “real” industry
samples considerably shorter time of a few minutes.
During the process sodium chloride in brine is
transformed in to ammonium chloride and the
concentration is very high. So in the next step a
membrane extraction process was examined to
reduce its concentration so that the treated water can
be used for irrigation purposes, where less than
5000 ppm of ammonium chloride is recommended.
The results of the membrane extraction process is
shown in Figure 4. It is observed that approx.. 43%
removal was possible in a once-through treatment.
Further work is underway to determine more
favourable conditions for the extraction of
ammonium chloride from such high concentration
feed.
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Figure 4. Concentration of ammonium in seawater
(after removal with a carrier dissolved in sunflower
oil).

4 Conclusions

The experimental results show the technical
feasibility of sweetening of natural gas and
reduction of CO2 from exhaust gas through
reactions of ammonia with high salinity water. The
findings are summarized as

(1) Excellent removal of carbon dioxide from
natural gas (containing 10% v/v of CO2) was
obtained (reduced by 99%) and at the same time, the
water salinity was reduced by 40%

(2) Similar reduction of CO2 was achieved from
exhaust gas collected from a diesel car and within a
very short time of a few minutes

(3) The desalinated water contains high
concentration of ammonium chloride that can be
reduced for its use in irrigation purposes by adding a
membrane extraction step after the carbon dioxide
removal step.

(4) The membrane process was upgraded to a
bench-scale membrane contactor with an area of 1.4
m2 and good percentage removal was achieved (in
the range 43-73%).

(5)This result was obtained from a high feed of
concentrated ammonium chloride solution (25,600
ppm) and within a contact time of 4 hrs at a
processing rate of 12-14 L/h.

More work is underway to extend the method to
recycle ammonia (partially) to reduce the
requirement in initial feed and to determine the
effect of other operating conditions.
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