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Abstract

_ » XRF and SEM to gain insights. MEA solufion at varidus
concentrations of 10%, 20%, and 30%

: (V/v) were pumped through the absorption colurn
with glass beads only, then followed by, Magnesium Oxide; Cobalt Oxide and the mixed

metal oxides (Magnesium Oxide and Cobalt Oxide), there was an increase in the yield of CO,
that was captured when the metal oxides

observed when 30 g of magnesium oxid
amine solution was used; while the cobal
mixed metal oxides (MgO - Co0) gave a
contribution from the magnesium oxide
solution was used was 4.1%. The results
CO, captured and the best performance
Brunauer — Emmett — Teller (BET) result
the highest pore diameter of (66
m’/g) while the cobalt oxide has the least pore diameter (63.5 A)

¢ (MgO) with 30% concentration of monoethanol
t oxide (CoO) gave the least yield of 5.7% and the
yield of 9.9%, this yield could be attributed to the
(MgO).THe yield when only monoethanol amine
showed that-the metal oxides enHanced the rate of
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Introduction

Sequestration of CO, from domestic power
generating set using monoethanol amine
(MEA) and metal oxides is a technology
that can reduce up to 90% of the carbon

2004). While we try to meet up with the
demands of the world’s future energy and at
the same time limit the effect of global .
warming, designs of power generating
plants integrated with a carbon capture

dioxide (CO,) emissions produced from the system are necessary (Edge et al., 2013).

use of fossil fuels in power generating In 1997 the issue of global warming has
systems and industrial processes (Socolow been discussed at Kyoto Protocol with the
and Pacala, 2004). Thus, preventing the aim of governments ratifying the treaty of
carbon  dioxide from  entering  the “achieving stabilization of greenhouse gas
almosphere, this will significantly reduce concentrations in the atmosphere at a level
the effect of greenhouse gas emissions to that would prevent dangerous
the atmosphere and subsequently reduce anthropogenic interference with the climatic
global warming (Socolow and Pacala, system™ The climate change is today

er Generating Set Using Monoethanol Amine * -

were used. However, the best yield of 11.9%was
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treatment, the gases at the output of the
carbon capture pilot plant were analysed to
ascertain the percentage composition of the
CO; that was absorbed.

Preparation of the metal oxides

The metal oxides were prepared by co-
precipitation from the Nitrates of the metal
compounds Mg (NO), and Co (NO3); with
solution of KOH.

2 M of KOH solution was prepared and
mixed in a flask and stirred thoroughly at
600 rpm with a magnetic stirrer, similarly, 1
M of Mg(NO3); solution was prepared and
mixed in a flask and stirred thoroughlyat
600 rpm with a magnetic stirrer until the
solution becomes homogenous (Olutoye ef
al., 2011; Olutoye and Hameed, 2010).

To precipitate the Mg(NOs); . 100 ml of an
aqueous KOH solution was added to 100 ml
solution of the Mg (NOs), to get the
corresponding magnesium oxide which is
then mixed in a flask and stirred thoroughly
at 600 rpm with a magnetic stirrer.

The corresponding mixtures were then
stired continuously for 6 h until the
solution is homogenized, the solution is
then filtered and dried at oven temperature
of 85 °C for 24 h. which was followed by
calcination at a temperature of 460 °C for 4
h (Olutoye et al., 201 1; Olutoye and
Hameed, 2010).

Similar  procedure  was followed
precipitating the solution of (Co (NO;),) to
get the corresponding Cobalt Oxide.

The carbon capture system is divided into
two sections. One is the CO, capture part
and the other is the CO; release part.

The absorption colum{; is parked with metal
oxides (magnesium and cobalt oxides) the
lean MEA solution and the flue gas run

through the column in a counter-current

flow, the inlet flow rate of both the MEA

solution and flye gas are set. The liquid

output from the column is the rich MEA
solution which contains the captured CO,
The rich MEA solution was then poured
into a triple neck flask containing
concentrated hydrochloric acid the reaction
is exothermic which generate the heat
required to release the CO, captured, the
volume of CO, release was monitored
through a set of graduated glassware. While
the percentage composition of the CO,
captured was determine and recorded
(Hongyi and Gary, 2001; Ross et al., 2015)
using flue gas analyser meter.

The experiment was carried out for the
following:

MEA solution at 10%, 20%, and 30% (v/v)
concentration through the pilot plant
absorption column with glass packing only.
MEA solution at 10%, 20%, and 30% (v/v)
concentration through the pilot plant
absorption column with Magnesium Oxide
at 10 g, 20 g and 30 g respectively.

MEA solution at 10%, 20%, and 30% (viv)
concentration through the absorption
column with Cobalt Oxide at 10 2, 20 g and
30 g respectively.

MEA solution at 10%, 20%, and 30% (viv)
concentration through the absorption
column with the mixed oxides (magnesium
oxide and cobalt oxide) at 10 2,20 g and 30
g respectively.

The experiment was repeated for steps 2 to
4 with different quantity of magnesium
oxide, cobalt oxide and the mixed oxides
(magnesium oxide and cobalt oxide) as
described above.

The composition with the best CO,
captured was determined and recorded
(Hongyi and Gary, 2001; Ross et al., 2015).
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Table 5: XRF Data for mixed oxides
(MgO - CoO) sample composition

Compound Concentration (%)
Si0, 14.60
SO; 3.00
K;O 44.52
MnO 0.01
Fe;gO; 0.07
Co0304 20.45
Nd, 03 0.05
Eu,0, 0.10
MgO 17.20
100

From Table 5, it was observed that cobalt
oxide (Co304), magnesium oxide (MgO)
and potassium oxide (K;O) were in high
proportion, this should be expected because
the mixed oxides (MgO - CoO) was
prepared by co-precipitation of cobalt and
magnesium oxide solution with potassium
hydroxide solution (Olutoye and Hameed,
2010).

Table 6 XRF Data for total metal oxides
composition

Catalyst CoO (wt %) MgO (wt %)
MgO 0 42

CoO 63.78 0

MgO - CoO 20.45 17.2

The summary of the quantitative X-ray
fluoroscopy (XRF) analysis results are
given in Table 6. The results indicated that
the theoretical preparation of the metal
oxides was compatible with the X-ray
fluoroscopy (XRF) analysis results.

Scanning Electron Microscopy (SEM)

From the Scanning Electron Microscopy
(SEM) images of the synthesized metal
oxides it was observed that the metal oxides
adopted an irregular morphology with

different sizes and particles, the images
revealed the porous nature of the metal
oxides with a well develop pores, from Fig.
9 it was observed that the magnesium oxide
(MgO) shows a larger pore size than the
other oxides and have large number of
aggregate constituent particles
agglomerated together on its surface (Hyun
et al., 2013).

Fig. 11: SEM Image of mixed oxides (MgO
—Co0)
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From Fig. 10 it was observed that the SEM
image of cobalt oxide sample has the less
homogeneous structure in terms of particle
size and the aggregate constituent of
particles agglomerated together on its
surface this is in agreement with the studies
carried out by Bernard and Motin (2012)
that cobalt oxide has different sizes of ions
in its valence state (Co*', Co™, and Co™)
which are not similar, they influence the
lattice energy, which in turn affects the
physical and structural properties of the
crystals (Bernard and Motin, 2012).
Moreover, from Fig. 11 the image clearly
show that the combination of the
magnesium oxide and cobalt oxide
improves dispersion in the metallic layer of
MgO - CoO surface this is as a result of the
synergetic effect of MgO over the cobalt
oxide this is in agreement with the studies
carried out by Figen and Baykara (2012).

Monoethanol amine (MEA) Run at
Different Percentage Concentration only.

CO; percentage conversion plots:
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Fig. 12: Case (l') Monoethanol amine
(MEA) run at different percentage
concentrations only.
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Fig. 13: Case (2) Magnesium, cobalt and
the mixed oxides at 10 g with different
percentage concentrations of MEA
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Fig. 14: Case (3) Magnesium, cobalt and
the mixed oxides at 20 g with different
percentage concentrations of MEA
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Fig. l.S: Case' (4) Magnesium, cobalt and
the mixed oxides at 30 g with different
percentage concentrations of MEA
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Fig. 16: Case (5) Magnesium oxides at 10
g, 20 g, and 30 g with different percentage
concentrations of MEA
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Fig. 17: Case (6) Cobalt oxide at 10 g,20g,

and 30 g with different percentage
concentrations of MEA
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Fig. 18: Magnesium and cobalt (MgO -
CoO) mixed oxides at 10 g, 20 g, and 30 g

with different percentage concentrations of
MEA

The results obtained from the experimental
work revealed that within the limit of
experimental error, there was an increase in
the yield of CO,, that was captured when
the metal oxides were used than when only
monoethanol amine was used, as shown in
Figs. 13 - 15and 12 respectively.

Where it was also observed that the higher
the concentration of the monoethanol amine

11

and the metal oxides loading the better the
capture performance as shown in Figs 13 -
15, in all cases the highest of the
sequestration occur at the top of the CO,
conversion axis on the plots.

To achieve a significant percentage
reduction of CO, gas sequestrated from the
flue gas the experiment has to be run
several times, and the higher the numbers
of the runs the higher the percentage of CO,
sequestrated Rose et al. (2015) reported
69% reduction in CO; at 48 runs (Rose ef
al., 2015).

In this study, however, the best yield was
observed when 30 g of Magnesium Oxide
(MgO) and 30% of
monoethanol amine solution was used, it
gives a yield of 11.9% as shown in Figure
16, while the mixed magnesium oxide and
cobalt oxide (MgO - CoO) gives a yield of
9.9% in a ratio of 1:1 for MgOto CoQO
combination as shown in Fig. 18 the Cobalt
Oxide (CoO) gives a yield of 5.7% as
shown in Fig. 17 while when only MEA
solution was used it gives the least yield of
4.1% as shown in Fig. 12.

The high yield observed when magnesium
oxide (MgO) was used could be attributed
to its good surface morphology, higher pore
diameter of 66.9 A, pore volume of 0.0549
cc/g and surface area of 154 mg as
presented in Table 2,

It was also observed from Fig. 9 that
magnesium oxide (MgO) have a large
number of aggregate constituent particles
agglomerated together on its surface, thus
this makes the magnesium oxide a good
material for the CO, absorption when
compared to cobalt oxide (CoO) and the
mixed oxides (CoO — MgO) this is in
agreement with the studies carried out by
Rajesh (2013) that revealed that the
magnesium oxide particle size increase with

concentration
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increase in the sintering time (Rajesh ef al.,
2013).
From Table 2, the cobalt oxide has the least
pore volume and surface area of 63.5 A, a
pore volume of 0.0441 cc/g and a surface
area 124 m’/g, this could be attributed to
the unstable pattern of the new crystalline
structure formed as reported by Bernard and
Motin, (2012) that cobalt oxide has
different sizes of ions in its valence state
(Co**, Co**, and Co*) which are not
similar, they influence the lattice energy,
which in tum affects the physical and
structural properties of the crystals (Bernard
and Motin, 2012). This is in agreement with
the studies carried out by Yasuo e al.
(1998).
It was also observed from Fig. 10 that the
SEM image of cobalt oxide sample has the
less homogeneous structure in terms of
particle size and the aggregate constituent
of particles agglomerated together on its
surface, this is in agreement with the
studies carried out by (Bernard and Motin,
2012).

From the results obtained it can be
concluded that the cobalt oxide (CoO) is
not a good material for the CO, absorption
when compared to magnesium oxide

(MgO).

From Table 2, the mixed oxides (MgO —
Co0) was observed to have a better pore
volume of 0.0500 cc/g and a surface area
141 m?/g, this can be attributed to the
combinatorial effect of the two metal oxides
(Yasuo ef al., 1998).

Yasuo et al. (1998) reported that when
cobalt ion increases in MgO - CoO the solid
solution becomes distorted around cobalt,
this implies that cobalt oxide played an
inhibitory role on the performance of the

mixed oxides (MgO - Co0) as reported by
Bernard and Motin (2012).

Moreover, from Fig. 11 the SEM image
clearly show that the combination of the
magnesium  oxide and cobalt oxide
improves dispersion in the metallic layer of
MgO — CoO surface this was as a result of
the synergetic effect of magnesium oxide
(MgO) over the cobalt oxide (CoO).

The contributions of the magnesium oxide
(MgO) in the mixed catalyst (MgO - CoO)
was responsible for its better performance
when compared to when cobalt oxide
(CoO) only was used this is in agreement
with the studies carried out by Figen and
Baykara (2012).

Conclusion

The magnesium oxide (MgO) gave the best
performance in comparison with cobalt
oxide and the mixed magnesium and cobalt
oxide (MgO — Co0).

The Brunauer — Emmett — Teller (BET)
result also revealed that the Magnesium
Oxide (MgO) has the highest pore diameter
of (66.9 A), pore volume of (0.0549 cc/g)
and surface area (154 mzfg), while the
cobalt oxide catalyst has the least
performance with a pore diameter (63.5 A),
pore volume (0.0441 cc/g) and surface area
of (124 m%/g).
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