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AbstractMgO-based sorbents were prepared by impregnation with K2CO3 at different loadings. This study exam-
ined the CO2 absorption and regeneration properties of MgO-based sorbents at various pressures. The CO2 capture
capacity of the PMI-30 sorbent increased to 204.4 mg CO2/g sorbent with increasing absorption pressure through CO2
absorption by MgO itself and K2CO3 by generating structures, such as MgCO3·3H2O and K2Mg(CO3)2. However, no
KHCO3 phase was observed after CO2 absorption at 1, 10, and 20 atm. The CO2 capture capacity of the MgO and
PMI-10, 20, 30, and 40 sorbents was the 94.6, 129.9, 156.6, 204.4, and 239.4 mg CO2/g sorbent, respectively. The CO2
capture capacity of MgO in the PMI sorbent was relatively constant regardless of the decreasing MgO content and
increasing K2CO3 content. The CO2 absorption ability of MgO was calculated by substracting theoretical CO2 capture
capacity of K2CO3 from the total capacity of sorbents. The TPD experiment performed at 1 atm after CO2 absorption
at 20 atm showed that the regeneration temperature of the PMI sorbents differed according to the K2CO3 loading.
Keywords: CO2 Capture, Pre-combustion, K2CO3, MgO-based Sorbent, K2Mg(CO3)2

INTRODUCTION

Carbon dioxide (CO2) is a significant greenhouse gas released
into the atmosphere by the combustion of coal in coal-fired power
plants. A CO2 capture process is necessary at coal-fired power plants
to reduce energy loss and global warming. Therefore, many research-
ers have attempted to develop CO2 capture technologies for the
CO2 gas emitted from coal-fired power plants.

CO2 capture processes at coal-fired power plants can be divided
into pre-combustion, post-combustion, and oxyfuel technology. In
the pre-combustion capture process, CO2 capture occurs before
combustion. The total pressure in the product gas is 20-70 atm, and
the CO2 content in the dry gas is between 15 and 60%. In addi-
tion, the separation of CO2 in this process is significantly easier
than CO2 separation in post-combustion capture because of the
high CO2 partial pressure [1]. An ideal dry CO2 sorbent is required
under the following conditions: (1) high CO2 capacity and high
sorption rate, (2) high selectivity for CO2 gas, (3) excellent regen-
eration property, (4) stable CO2 capacity for multi cycles, and (5)
excellent mechanical strength [2,3].

The development of a CO2 sorbent for the sorption enhanced
water gas shift (SEWGS) process is underway using magnesium

oxide, hydrotalcite, calcium oxide, and lithium-containing materi-
als. The calcium-based sorbent is an excellent CO2 sorbent. How-
ever, higher CO2 sorption and regeneration temperatures of 600-
800 oC are needed for effective CO2 sorption and a stable multicy-
cle [4-10,25]. Representative lithium-containing sorbents are lith-
ium zirconate and lithium orthosilicate, which are manufactured
by calcination at temperatures above 850 oC using powder mixing
and sol-gel methods. Lithium-containing sorbents have high CO2

capture capacity (28-32 wt%) at lower sorption temperature than
calcium-based sorbents. On the other hand, a high regeneration
temperature of approximately 700 oC is needed for stable multicy-
cles [11-13].

Calcium-based and lithium-containing sorbents are unsuitable
for the SEWGS process because of the slow CO2 sorption rate and
high energy loss by high regeneration temperatures. Magnesium
oxide and hydrotalcite are promising materials for the SEWGS pro-
cess, and many studies have evaluated K2CO3-impregnated mag-
nesium oxide and hydrotalcite. Hydrotalcite has a double-layered
structure consisting of positively charged metal hydroxide layers and
negatively charged interlayers containing anions and water mole-
cules. The hydrotalcite-based sorbent showed thermal stability, a
relatively fast CO2 sorption rate, and low regeneration temperature
between 400 oC and 500 oC. However, it has a low CO2 capture
capacity below 1 mmol/g at atmospheric pressure [12,14,15,24,26].
Maroño et al. [16] examined the effects of the steam partial pres-
sure using K2CO3-promoted hydrotalcite. They reported that the
K2CO3-promoted hydrotalcite sorbent increased to 9 mol/kg with
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increasing steam partial pressure from 0 bar to 4.5 bar under the
conditions of Pco2=0.34 bar and 300 °C.

The magnesium-based sorbent can absorb CO2 gas based on
the following reactions:

MgO(s)+H2O(g)Mg(OH)2(s) (1)

Mg(OH)2(s)+CO2(g)MgCO3(s)+H2O(g) (2)

MgCO3(s)+H2O(g)Mg(OH)2(s)+CO2(g) (3)

The magnesium-based sorbent was reported to have moderate
CO2 capture capacity at an intermediate temperature of 200 to 400 oC
and a lower regeneration energy than calcium oxide and lithium-
containing sorbents [12,15,17-21,23]. Siriwardane et al. [17] devel-
oped a regenerable magnesium hydroxide-based sorbent with excel-
lent CO2 capture capacity at 200 oC and a low regeneration tem-
perature of 400 oC. They described the importance of the rehy-
droxylation process for converting MgO to Mg(OH)2 during the
cooling process in water vapor after CO2 sorption. The rehydrox-
ylation process is essential for retaining the reactivity during the
multicycle. The CO2 capture capacity of the magnesium hydrox-
ide-based sorbent increased due to a thermodynamically favor-
able (reaction 2: H0

298=19.657 kJ/mol). Hassanzadeh et al. [18]
developed a MgO-based sorbent using sol-gel and dolomite modi-
fication methods. The dolomite-modified CO2 sorbent showed
excellent mechanical strength, high reactivity, and good CO2 cap-
ture capacity at 300-450 oC at 20 atm. This MgO-based sorbent
could be regenerated easily at 500 oC at 20 atm. They observed im-
proved CO2 capture capacity with increasing surface area and poros-
ity because of the transient increase in the number of Mg(OH)2

molecules in the presence of steam during CO2 sorption. Com-

pared to other CO2 sorbents, magnesium-based sorbents are most
suitable for the SEWGS process in the coal-fired power plant. This
MgO-based sorbent has a lower regeneration temperature than
the calcium oxide and lithium-containing sorbent. Furthermore, it
has good thermal stability and high CO2 capture capacity than hy-
drotalcite-based sorbents.

This article reports the effect of CO2 sorption pressure and K2CO3

loading using MgO-based sorbents prepared by the impregnation
method. In addition, X-ray diffraction (XRD), thermogravimetric
analysis/differential thermal gravimetry (TGA/DTG), and tempera-
ture-programmed desorption (TPD) experiments were conducted
to examine the CO2 sorption mechanism, physical changes, and
regeneration properties of MgO-based sorbents after CO2 sorption.

EXPERIMENTAL

1. Preparation of the CO2 Sorbent
The MgO-based CO2 sorbents were prepared by the impregna-

tion method using potassium carbonate. Magnesium oxide (Aldrich)
was added to an aqueous solution of potassium carbonate (Aldrich)
in de-ionized water. The solutions were mixed with a magnetic
stirrer at room temperature for 24 hours. After stirring, the mix-
ture was dried in a rotary vacuum evaporator at 60 oC. The dried
samples were calcined in a furnace in air for five hours at 500 oC.
The calcination temperature was increased to 500 oC at 5 oC/min.
The particle size of the MgO-based CO2 sorbents was 150-250m.
These CO2 sorbents are denoted as PMI-x, where P, M, I, and x
are potassium carbonate, magnesium oxide, impregnation method,
and the loading amount of potassium carbonate. The MgO sorbent
was prepared by physical mixing with magnesium oxide powder

Fig. 1. Schematic diagram of the high-pressure apparatus.
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and a small amount of distilled water. The MgO sorbent was cal-
cined in air for five hours at 500 oC. The particle size of MgO sor-
bent was 150-250m.
2. Physical Characteristic Analysis

The changes in the crystalline phase before/after CO2 sorption
were examined by XRD (Philips X’PERT) using Cu K radiation
at the Korea Basic Science Institute. TGA and DTG (SDT Q600,
TA Instrument) were conducted to investigate the thermal charac-
teristics after CO2 sorption. Nitrogen gas was used as the carrier
gas, the CO2 sorbents were heated to 50 oC to 500 oC at a ramping
rate of 5 oC/min. The N2 adsorption-desorption isotherms at 196 oC
were measured using the ASAP 2020 instrument (Micromeritics)
to evaluate textural properties such as the Brunauer-Emmett-Teller
surface area, pore-volume, and pore size. TPD experiments were
conducted at 1 and 20 atm to investigate the regeneration proper-
ties of the CO2 sorbents. The TPD experiment was conducted in a
nitrogen atmosphere. The sample was heated from 200 oC to 550 oC
at a heating rate of 1 oC/min.
3. Apparatus and Procedures

Fig. 1 shows a schematic diagram of the high-pressure experi-
mental apparatus. The CO2 capture capacity of the CO2 sorbents
was determined using a fix-bed reactor of stainless steel with an
outside diameter of 1 inch. The CO2 sorbent was dried to remove
the moisture and impurities on the sorbent surface under a nitro-
gen atmosphere for 12 h at 350 oC before packing in the reactor. The
CO2 capture capacity of the CO2 sorbent was examined by pack-
ing 10 g of the sorbent into a stainless steel reactor. The gas hourly
space velocity was maintained at 530 h1. The CO2 sorption pres-
sure was maintained at 1, 10, and 20atm using a back pressure regu-
lator. The CO2 sorption pressure during CO2 sorption was con-
firmed using an analog pressure gauge and two digital pressure
gauges. The gas flow rates were 10 vol% CO2, 10 vol% H2O, and N2

balance, which were controlled using a mass flow controller. The
GC column used in the analysis was a 1/8 inch stainless tube packed
with Porapak Q. The outlet gas from the reactor was analyzed auto-
matically every one or two minutes using a thermal conductivity
detector equipped with an autosampler (Valco). The CO2 capture
capacity was calculated from the CO2 breakthrough curve, which
indicates the CO2 absorbed amount until the output concentration
of CO2 reached 10 vol%, which is the same as that of the inlet.

RESULTS AND DISCUSSION

1. CO2 Capture Capacity According to Pressure
Fig. 2 presents the breakthrough curves (a) and CO2 capture

capacities (b) of MgO and PMI-30 sorbents in the presence of 10
vol% CO2, 10 vol% H2O, and a N2 balance at 200 oC at 1, 10, and
20 atm. In Fig. 2(a), the net breakthrough time of the MgO sor-
bent was not observed despite the increase in CO2 sorption pres-
sure. However, the net breakthrough time of the PMI-30 sorbent
increased to 0, 6, and 14 min with increasing sorption pressure,
showing a seven-fold increase compared to the breakthrough time
at 1 atm. The CO2 capture capacity of the MgO and PMI-30 sor-
bents was calculated from the CO2 breakthrough curves of Fig.
2(a), as shown in Fig. 2(b). The CO2 capture capacity of the MgO
sorbent at 1, 10, and 20 atm was the 2.5, 34.2, and 94.6 mg CO2/g

sorbent, respectively. At 20atm, the CO2 capture capacity of the MgO
sorbent had a relatively high CO2 capture capacity of 94.6mg CO2/g
sorbent. The CO2 capture capacity of PMI-30 sorbent at 1, 10, and
20 atm was the 32.8, 100.5, and 204.4 mg CO2/g sorbent, respec-
tively. In particular, the PMI-30 sorbent at 20 atm showed an ex-
cellent CO2 capture capacity of 204.4 mg CO2/g sorbent, which is
a higher CO2 sorption capacity than the theoretical value of K2CO3

involved within the PMI-30 sorbent. From experimental results of
the MgO and PMI-30 sorbents, the MgO sorbent showed a CO2

capture capacity of 94.6 mg CO2/g sorbent at 200 oC and 20 atm.
The high capture capacity of PMI-30 sorbent was attributed to
CO2 absorption by MgO itself as well as K2CO3 in the presence of
water vapor at 200 oC and 20 atm [22].
2. X-ray Diffraction after CO2 Sorption

XRD of the MgO and PMI-30 sorbents was conducted to exam-
ine the characteristics before and after CO2 sorption according to
the CO2 sorption pressure, as shown in Fig. 3. The XRD patterns
of PMI-30 sorbent before CO2 sorption showed only two phases:
K2CO3 (JCPDS No. 49-1093) and MgO (JCPDS No. 43-1022). In
the case of the MgO sorbent, the XRD patterns were similar before
and after CO2 sorption. The XRD patterns of the PMI-30 sorbent
after CO2 sorption at 1 atm showed three phases: K2CO3, MgO,
and K2Mg(CO3)2 (JCPDS No. 75-1725) phase. After CO2 sorp-
tion at 10 and 20 atm, XRD showed four phases, K2CO3, MgO,

Fig. 2. CO2 breakthrough curves and CO2 capture capacity of the
MgO and PMI-30 sorbents according to the CO2 sorption
pressure.
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K2Mg(CO3)2, and MgCO3∙3H2O (JCPDS No. 01-0130). XRD of
PMI-30 sorbent showed no KHCO3 phase after CO2 sorption
regardless of the sorption pressure. Lee et al. [22] examined the
CO2 absorption property of K2CO3-impregnated MgO-based sor-
bents in the presence of water vapor at 60 oC and 1 atm. After CO2

absorption, XRD revealed new structures such as K2Mg(CO3)2

and K2Mg(CO3)2∙4(H2O) phases, but no KHCO3 phase was ob-
served after CO2 absorption at low temperature despite the pres-
ence of water vapor. Xiao et al. [20] reported a K2Mg(CO3)2 phase
in the XRD pattern after CO2 absorption by the MgO-based sor-
bents. They described that the KHCO3 phase was not observed
after CO2 absorption at high temperature. XRD confirmed that
PMI-30 sorbent after CO2 sorption at 20atm consisted of two phases:
K2Mg(CO3)2 and MgCO3∙3H2O. Therefore, PMI-30 sorbent at
20 atm had excellent CO2 capture capacity due to CO2 sorption of
K2CO3 and MgO or CO2 sorption of MgO itself within the PMI-
30 sorbent. However, the MgO sorbent did not show structure
changes after CO2 sorption in the presence of water vapor at 200 oC
and 1, 10, and 20 atm.
3. TGA/DTG after CO2 Sorption

TGA/DTG of MgO and PMI-30 sorbents were conducted to
investigate the thermal property after CO2 sorption. Both MgO and
PMI-30 sorbents showed weight loss at temperatures from 30 oC
to 100 oC due to the desorption of adsorbed water on the sorbent
surface (Fig. 4). The weight loss of MgO sorbent after CO2 sorp-
tion at 1, 10, and 20 atm was 0.00%, 4.45%, and 11.30% at tem-
peratures from 200 oC to 400 oC, respectively. The weight loss from
the MgO sorbent was more than that of the CO2 capture capacity
at 10 and 20 atm. The DTG peaks of MgO sorbent showed one
peak at the same temperature range as the weight loss range of TGA.

MgO sorbent did not show structural changes after CO2 sorption
regardless of the CO2 sorption pressure, as shown in Fig. 3(I). TGA/
DTG confirmed that the MgO sorbent showed higher weight
loss than the CO2 capture capacity at 10 and 20 atm. The higher
weight loss than the CO2 capture capacity suggests that MgCO3

and Mg(OH)2 were generated during CO2 sorption in the presence
of water vapor at 200 oC and 10 and 20 atm [17]. The weight loss
of the PMI-30 sorbent was 4.24%, 10.46%, and 20.76% at 1, 10,
and 20 atm, respectively, from 200 oC to 400 oC. Those weight losses
agreed with the CO2 capture capacity of PMI-30 sorbent accord-
ing to the CO2 sorption pressure shown in Fig. 2. The DTG peak
of the PMI-30 sorbent at 1 atm showed one peak between 300 oC
and 380 oC due to decomposition of the K2Mg(CO3)2 structure.
The DTG peaks of the PMI-30 sorbent at 10 and 20 atm showed
two peaks between 200 oC to 400 oC due to the decomposition of
MgCO3 and K2Mg(CO3)2, as confirmed by the XRD patterns in
Fig. 3. No KHCO3 structure was found in the PMI-30 sorbent be-
tween 100 oC to 200 oC after CO2 sorption in the presence of water
vapor at 1, 10, and 20 atm [22].
4. TPD at 1 and 20 atm of MgO and PMI-30 Sorbents

TPD experiments of MgO and PMI-30 sorbents were conducted
to identify the regenerable temperature under 1 and 20 atm and a
nitrogen atmosphere from 200 oC to 550 oC. Fig. 5 presents the
TPD results. The TPD results of the MgO sorbent at 1 and 20 atm
showed one peak at 326 oC due to MgCO3 decomposition, which
was generated during CO2 sorption. The MgO sorbent was regen-
erable at approximately 370 oC through TPD experiments of 1 and
20 atm. The TPD result of PMI-30 sorbent at 1 atm revealed two
peaks at 388 oC and 418 oC due to MgCO3 and K2Mg(CO3)2 de-
composition, which were generated during CO2 sorption at 20 atm

Fig. 3. XRD patterns before/after CO2 sorption of MgO and PMI-30 sorbents according to the CO2 sorption pressure; (+) MgO, (△) K2CO3,
(●) MgCO3∙3H2O, (◆) K2Mg(CO3)2.
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[22]. However, the TPD result of PMI-30 sorbent at 20 atm showed
a single peak that was different from that obtained at 1 atm. MgO
sorbent showed the same regeneration temperature despite the
increase in TPD pressure. However, the PMI-30 sorbent confirmed
the different regeneration temperatures under TPD conditions of
1 and 20 atm. The shift in the regenerable temperature in an in-
creasing direction was attributed to the different decomposition
temperatures of the product, such as MgCO3 and K2Mg(CO3)2, by

the effect of the regeneration pressure.
5. CO2 Capture Capacity According to the K2CO3 Loading

Table 1 provides information on the surface area, pore-volume,
and pore size of MgO and PMI sorbents. The MgO sorbent has a
surface area of 38.02 m2/g, a pore volume of 0.33 cm3/g, and pore
size of 34.61 nm. The surface area and pore-volume of PMI sor-
bents decrease with increasing K2CO3 loading. When the K2CO3

loading is 40 wt% (PMI-40 sorbent), the surface area is reduced to
about 52% compared to the PMI-10 sorbent, and the pore vol-
ume is also significantly reduced. The decrease in surface area and
pore-volume is caused by filling the pores with K2CO3 or block-
ing the pore opening with K2CO3. The CO2 capture capacity of
the PMI sorbents according to the K2CO3 loading was conducted
in the presence of 10 vol% CO2 and 10 vol% H2O, and a N2 balance
at 200 oC and 20 atm, as shown in Fig. 6. Fig. 6(a) presents the (A)
theoretical CO2 capture capacity of K2CO3 and (B) the total CO2

Fig. 4. TGA/DTG curves of MgO and PMI-30 sorbents after CO2 sorption according to the CO2 sorption pressure.

Table 1. Textural properties of magnesium and potassium-based
magnesium sorbents

Sample
name

Surface area
(m2/g)

Pore-volume
(cm3/g)

Pore size
(nm)

MgO 38.02 0.31 29.32
PMI-10 34.15 0.29 29.97
PMI-20 23.57 0.23 33.60
PMI-30 22.22 0.21 33.42
PMI-40 16.37 0.15 33.40

Fig. 5. TPD results of 1 and 20 atm for MgO and PMI-30 sorbents
after CO2 sorption at 20 atm.
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capture capacity. The experimental CO2 capture capacity of MgO
and PMI-10 to 40 sorbents was 94.6, 129.9, 156.6, 204.4, and
239.4 mg CO2/g sorbent, respectively, which increased with increas-
ing K2CO3 loading. The PMI-10 to 40 sorbents showed higher
CO2 capture capacity than the theoretical CO2 capture capacity of
K2CO3 due to the CO2 sorption of MgO itself. Fig. 6(b) shows the
CO2 capture capacity of MgO within each sorbent according to
the K2CO3 loading, and it was calculated by substracting theoreti-
cal CO2 capture capacity of K2CO3 from total CO2 capture capacity
of sorbents (B-A) in Fig. 6(a). The CO2 capture capacity of MgO
in PMI-x sorbent was approximately 94.60, 98.06, 92.92, 108.89,
and 112.05 mg CO2/g sorbent (Fig. 6(b)). The CO2 capture capac-
ity of the calculated MgO from the PMI sorbents was similar to
MgO sorbent despite the decreasing amount of MgO support with
increasing K2CO3 loading.

Fig. 7 shows the amount of CO2 sorption per 1 g K2CO3 (left:
dark red Y-axis) and MgO (right : dark green) as a function of the
K2CO3 loading. The amount of CO2 sorption per 1 g K2CO3 and
MgO was calculated from the CO2 capture capacity of PMI-10 to
40 sorbents, as shown in Fig. 6. The CO2 capture capacity of the
K2CO3 within PMI-10 to 40 sorbents was 318.4 mg CO2/g K2CO3

corresponding theoretical value, respectively. However, the CO2

capture capacity of MgO within the PMI-10 to 40 sorbents was
approximately 109.55, 116.15, 155.56, and 186.75 mg CO2/g MgO,

respectively. The amount of CO2 sorption per 1 g MgO increased
despite the decreasing amount of MgO support, meaning improve-
ment of CO2 capture efficiency by MgO.
6. X-ray Diffraction and TPD Results According to K2CO3

Loading
XRD analysis of PMI-10~40 sorbents was conducted to iden-

tify the structural changes after CO2 sorption according to the
K2CO3 loading, as shown in Fig. 8. The XRD patterns of PMI-10 to
40 sorbents before CO2 sorption showed only two phases: K2CO3

and MgO phase (Fig. 8(I)). The peak intensity of K2CO3 increased
with increasing K2CO3 loading. The XRD patterns of PMI-10 and 20
sorbents after CO2 sorption at 20 atm showed two phases: K2Mg
(CO3)2 and MgO. The PMI-30 and 40 sorbents after CO2 sorp-
tion at 20 atm showed three phases: K2Mg(CO3)2, MgCO3∙3H2O,
and MgO (Fig. 8(II)). No MgCO3∙3H2O phase was observed in
the XRD patterns of the PMI-10 and 20 sorbents regardless of the
K2CO3 loading and despite having a higher level of MgO support
than the PMI-30 and 40 sorbents. However, the PMI-30 and 40
sorbents showed both K2Mg(CO3)2 and MgCO3∙3H2O phases
with increasing CO2 capture capacity.

TPD experiments at 1 atm of the PMI-10 to 40 sorbents after
CO2 absorption at 20 atm were conducted to examine the regener-
ation properties, as shown in Fig. 9. The CO2 desorption of PMI-x
sorbents started at 300 oC, and the desorbed CO2 peak was ob-
served at temperatures ranging from 300 oC to 500 oC. The TPD
result of PMI-10 sorbent showed one peak at 376 oC, and the TPD
results of PMI-20 to 40 sorbents showed two peaks between 376
and 436 oC. In the case of PMI-10 sorbent, it was a CO2 peak by
the decomposition of MgCO3 than the CO2 peak by the decom-
position of K2Mg(CO3)2 due to the low K2CO3 loading. In the case
of the PMI-20 to 40 sorbents, the CO2 peak by the decomposi-
tion of K2Mg(CO3)2 increased due to the increase in the K2CO3

loading. Furthermore, the regenerable temperature shifted to a
higher temperature with increasing K2CO3 loading. The regenera-
tion temperature could be shifted by the amount of CO2 absorp-
tion and bonding strength of the product according to the amount
of active material.

Fig. 6. CO2 capture capacity of PMI-10 to 40 sorbents according to
K2CO3 loading at 20 atm.

Fig. 7. Amount of CO2 sorption per 1 g of K2CO3 (left: black Y-axis)
and MgO (right: dark green) of the PMI-10 to 40 sorbents as
a function of the amount of K2CO3 and MgO loaded in the
presence of 10 vol% CO2 and 10 vol% H2O at 200 oC and
20 atm.
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CONCLUSION

This study examined the CO2 absorption and regeneration prop-
erties of MgO-based sorbents loaded with K2CO3 according to the
pressure. The MgO-based sorbent loaded with K2CO3, such as
PMI-10 to 40, showed excellent CO2 capture capacity. The excel-
lent CO2 capture capacity was attributed to the reaction with MgO
and K2CO3 in the presence of water vapor at 20 atm. The PMI
sorbents showed high absorption capacity due to the formation of
structures, such as MgCO3∙H2O and K2Mg(CO3)2, according to
XRD. In the case of the regeneration property through TPD, the
MgO sorbent showed one peak at 1 and 20 atm, but the regenera-

tion temperature of the PMI-30 sorbent shifted to a higher tem-
perature. The regeneration temperature of the sorbents, according
to the K2CO3 loading, shifted to a higher temperature at 1 atm. The
regeneration temperature increased with increasing amount of
active material, such as K2CO3.
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