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Abstract—Potassium carbonate supported on alumina is used as a solid sorbent for CO, capture at low temperatures.
However, its CO, capture capacity decreases immediately after the first cycle. This regeneration problem is due to the
formation of the by-product [KAI(CO;)(OH),] during CO, sorption. To overcome this problem, a new regenerable
potassium-based sorbent was fabricated by CO, thermal treatment of sorbents prepared by the impregnation of J-alu-
mina with K,CO; in the presence of 10 vol% CO, and 10 vol% H,O. The CO, capture capacities of the new regenera-
ble sorbents were maintained over multiple CO, sorption tests. These results can be explained by the fact that the
sorbent prepared by CO, thermal treatment did not form any by-product during CO, sorption. Based on these results,
we suggest that the regeneration properties of potassium-based sorbents using S-alumina could be significantly im-

proved by the use of the CO, thermal treatment developed in this study.

Keywords: CO,, Dry Sorbent, KAI(CO,)(OH),, CO, Thermal Treatment, Regeneration

INTRODUCTION

Carbon dioxide (CO,) is a major greenhouse gas that is released
into the atmosphere as a result of the combustion of fossil fuels
(oil, natural gas and coal), causing global warming, which may have
a disastrous effect on the environment [1-3]. It can be removed
from flue gas and waste gas streams by various methods, includ-
ing membrane separation, absorption with a solvent and adsorp-
tion using molecular sieves [4-17]. However, these methods are
costly and consume large amounts of energy. One of the more ef-
ficient techniques for the removal of CO, is its chemical absorp-
tion using a dry regenerable alkali-metal carbonate-based solid
sorbent (M,CO;, where M=K, Na), which is a cost-effective and
energy-efficient way of capturing CO, from flue gas [18-30]. In the
absorption process, the alkali-metal carbonate reacts with the CO,
and water vapor at 40-80 °C, forming an alkali-metal bicarbonate
(M,CO;+H,0+C0O,=2MHCO;) [18,22-25]. Several studies have
found that when using cyclic CO, sorption systems under moist
conditions, K,CO; is the best performing alkali-metal carbonate
[19,24-28]. However, a common problem is that the overall car-
bonation reaction using alkali-metal carbonates is rather slow. Many
attempts have been made to resolve this, such as by dispersing the
active alkali-metal carbonate by supporting it on a porous mate-
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rial such as activated carbon, TiO,, ZrO,, silica gel or ALO;, which
enhances the sorption rate and provides the attrition resistance re-
quired for use in a fluid bed or transport reactor [21,24-37]. Nev-
ertheless, such sorbents have a disadvantage in that their reactivity
always decreases with increases in the sorption/regeneration oper-
ations [38-46].

Several previous studies have attempted to overcome the deacti-
vation of potassium-based alumina sorbents. Zhao et al. investi-
gated the regeneration behavior of K,CO,/ALO; in detail using a
thermogravimetric analysis-Fourier transform infrared spectros-
copy (TGA-FTIR) system. The regeneration process of K,CO5/ALO;
consists of three steps as the temperature increases and the material
could be completely regenerated in various atmospheres such as pure
N,, pure CO, and CO,/H,0, with a final temperature of 300 °C [47].
Other studies have shown the performance of regenerable potas-
sium-based alumina sorbents under various conditions [48-50].
However, all of these sorbents required a high regeneration tem-
perature greater than 250 °C, as a result of the formation of a by-
product [KAI(CO,)(OH),], which did not completely revert to the
original K,CO, phase after regeneration at 200 °C. The deactivation
problem could be solved using a potassium-based alumina sorbent
with a-alumina as the support material, despite the slow sorption
rate compared to other sorbents using yand J-alumina [40-41]. In
another study, a regenerable potassium-based sorbent was prepared
by the impregnation of modified y-alumina with K,CO; [51]. How-
ever, at present, the sorption and regeneration properties of potas-
sium-based alumina sorbents using é-alumina have not yet been
sufficiently studied.

In this study;, new regenerable potassium-based alumina sorbents
were prepared by CO, thermal treatment after the impregnation of
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Salumina (instead of j-alumina) with 30, 40 and 50 wt% K,CO;, to
overcome the deactivation problem associated with S-alumina. The
CO, capture capacities of the regenerable potassium-based J-alu-
mina were investigated during multiple cycles in the presence of 1
vol% CO, and 10vol% H,O in a fixed-bed reactor. In addition, the
physical properties of the new regenerable potassium-based alumina
sorbents were investigated using X-ray diffraction (XRD), ultra-high
resolution field emission scanning electron microscopy (UHR-FE-
SEM), Brunauer-Emmett-Teller (BET) analysis, thermogravimetric
analysis (TGA) and temperature programmed desorption (TPD).

EXPERIMENTAL

1. Preparation of Sorbents

Regenerable potassium-based alumina sorbents were prepared
using a novel preparation method. The preparation of the sorbents
consisted of three steps: (1) the precipitation of alumina, (2) im-
pregnation of alumina with K,CO; and (3) CO, thermal treatment.
1-1. Precipitation of o-Alumina

ALO; was prepared by precipitation using aluminum nitrate
nonahydrate (AI(NO;);-9H,0, Aldrich, 99.9%) and sodium hydrox-
ide (NaOH, Duksan). Aluminum nitrate was added to deionized
(DI) water at a level of 0.5 M. The solution was then adjusted by
the dropwise addition of 1.5 M of NaOH until the pH reached 10.
The resulting precipitate was aged for 12 h in the solution at room
temperature. The product was washed sufficiently with DI water
and dried. The resulting AL,O; was then calcined in an electric
muffle furnace under air at 950 °C for 4 h.

1-2. Impregnation of Alumina with K,CO,

The impregnation procedure for supporting the K,CO; on alu-
mina was as follows: alumina was added to a solution containing
the desired ratio of anhydrous potassium carbonate in DI water
and then mixed with a magnetic stirrer for 24 h at room tempera-
ture. After stirring, the mixture was dried in a rotary evaporator at
40-60 °C. The dried samples were calcined in a furnace under N, at
500 °C for 4 h, with the temperature ramping at a rate of 3 °C/min.
1-3. CO, Thermal Treatment of Sorbent

The CO, thermal treatment was used to form the KAI(CO,)(OH),
phase to enhance the regeneration properties of the potassium-
based alumina sorbents. In the presence of 10 vol% CO, and 10 vol%
H,O, the impregnated powder was heat-treated using the follow-
ing temperature program: (1) holding at 60 °C for 2 h, (2) ramping
the temperature to 200 °C at a rate of 1°C/min and (3) holding at
200°C for 3h.

The resulting potassium-based alumina sorbents were denoted as
KAI(D)INT, where K represents the potassium carbonate (K,COs),
Al(D) represents the d-alumina support material, I represents the
impregnation method, N represents the loading of potassium car-
bonate (wt%) and T represents the CO, thermal treatment method.
For example, KAI(D)I40 is the potassium-based alumina sorbent
prepared by the impregnation of J-alumina with 40 wt% K,CO,
and KAI(D)I40T is the sorbent prepared by the CO, thermal treat-
ment of the KAI(D)I40 sorbent.

2. Characterization
2-1. Physico-chemical Characterization
The crystal structures of the adsorbents were analyzed by using
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Fig. 1. Schematic of packed bed system used for CO, absorption
and regeneration experiments.

a Cu Ka radiation source in a Phillips XPERT X-ray diffraction
(XRD) unit at the Korea Basic Science Institute in Daegu. Nitro-
gen adsorption-desorption isotherms at —196 °C were measured
with a Micromeritics ASAP 2020 instrument to acquire the tex-
tural properties of the materials. UHR-FE-SEM (Hitachi, S-4800)
was performed to identify the crystalline phases and morpholo-
gies of the materials at the Korea Basic Science Institute in Daegu.
The amount of potassium carbonate impregnated was measured
using inductively coupled plasma atomic emission spectroscopy
(ICP-AES; Thermo, Thermo Jarrell Ash IRISAP) with the follow-
ing process. First, the K,CO; dispersed on alumina was dissolved
using DI water and stirring and then the resulting solution was
analyzed using ICP-AES.
2-2. Absorption and Regeneration Tests

The CO, absorption and regeneration processes were determined
by monitoring the CO, concentration using gas chromatography
(GC), as schematically shown in Fig. 1. The sorbent (0.5g) was
packed into a fixed-bed reactor with a diameter of 1 cm. The fixed-
bed reactor was placed in an electric furnace at atmospheric pres-
sure. To prevent the condensation of water vapor, the inlet and
outlet lines of the reactor were maintained at temperatures above
100 °C using heating tape before the injection of gas into the reac-
tor and GC column. A 1/8 in. stainless tube packed with Porapak
Q was used as the column. The outlet gases from the reactor were
analyzed automatically every 4 min with a thermal conductivity
detector (TCD; Donam Systems Inc.) equipped with an auto sam-
pler (Valco Instruments Co. Inc.). First, feed gas (1 vol% CO,, 10
vol% H,O and balance N, at 40 ml/min) was passed through the
bed at the absorption temperature of 60 °C. When the CO, con-
centration of the outlet gas reached the same level as that of the
inlet CO, feed gas (1 vol%) in the CO, absorption process, the gas
composition was changed from the feed gas to pure nitrogen to
purge the CO, gas in the reactor. After the concentration of CO,
decreased to zero, the temperature was increased to 200 °C to regen-
erate the spent sorbents.

RESULTS AND DISCUSSION

1. Potassium-based Alumina Sorbent
Fig. 2 shows the CO, capture capacities of the KAI(D)I30,
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Fig.2.CO, capture capacities of KAI(D)I30, KAI(D)I40 and
KAI(D)I50 in the presence of 1vol% CO, and 10vol% H,0,
with sorption being performed at 60 °C and regeneration at
200°C.

KAI(D)I40 and KAI(D)I50 sorbents over multiple cycles, with the
sorption performed at 60 °C and regeneration at 200 °C, in the pres-
ence of 1vol% CO, and 10 vol% H,O. The KAI(D)I30, KAI(D)I40
and KAI(D)I50 sorbents were prepared by the impregnation of &
alumina with 30, 40 and 50 wt% K,CO,, respectively, to investi-
gate the effects of the K,CO; loading. The CO, capture capacities
were calculated from the breakthrough curves for each cycle and
the values at the first cycle were 97.2, 122.1 and 149.2 mg CO,/g
sorbent for KAI(D)I30, KAI(D)I40 and KAI(D)I50, respectively.
However, as shown in Fig. 2, the CO, capture capacities of the sor-
bents decreased for the second cycle and stayed roughly the same
after this. Fig. 3 shows the breakthrough curves of the KAI(D)I30,
KAI(D)I40 and KAI(D)I50 sorbents at 1 and 5 cycles in the pres-
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Fig. 3. Breakthrough curves of KAl(D)I30, KAI(D)I40 and KAI(D)I50
at 60 °C in the presence of 1vol% CO, and 10 vol% H,O after
(a) 1 and (b) 5 cycles.
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Fig. 4. XRD patterns of (a) s-alumina, (b) KAI(D)I30, (c) KAI(D)I40 and (d) KAl(D)I50 sorbents (I) before and (II) after CO, sorption; (|_/)

5ALO;; (.) K,COs; ( ) KHCO3; (V) KAl(CO3)(OH)2.
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ence of 1vol% CO, and 10 vol% H,O at 60 °C. In case of the bare
Sralumina, its breakthrough curve was excluded because the &
alumina had no CO, capture capacity. The breakthrough times
during the first cycle were approximately 16, 32 and 40 min, re-
spectively. In the fifth cycle, the breakthrough time of KAI(D)I30 was
reduced from 16 min to 4 min, whereas the values for KAI(D)I40
and KAI(D)I50 were almost similar to those at the first cycle. How-
ever, the CO, capture capacities of KAI(D)I40 and KAI(D)I50 de-
creased from 122.1 to 107.3 and 149.2 to 136.7, respectively. From
these results, it must be noted that the deactivation of the sorbent
reduced with increasing K,CO; loading.

To investigate the reason for the deactivation of the potassium-
based Salumina sorbents, the structures of the sorbents before
and after CO, sorption were examined using XRD (Fig. 4). The
XRD patterns of the alumina materials calcined at 950 °C showed
the d-alumina phase (JCPDS No. 46-1131). The XRD patterns of
the fresh KAI(D)I30, KAI(D)I40 and KAI(D)I50 sorbents showed
the K,CO; and d-alumina phases. On the other hand, the XRD pat-
terns of these sorbents after the CO, sorption showed the &-alumina
phase, KHCO; phase (JCPDS No. 70-0995) and KAI(CO,)(OH),
phase (JCPDS No. 22-0791). This means that the deactivation of
the potassium-based 5-alumina sorbents was affected by the for-
mation of KAI(CO5)(OH),, as reported elsewhere [39-42].

To understand the regeneration properties of the sorbents in
detail, TPD tests were performed on KAI(D)I30, KAI(D)I40 and
KAI(D)I50 after the CO, sorption at 60 °C. These tests were car-
ried out by measuring the concentration of CO, desorbed while
the temperature was increasing at a rate of 1 °C/min. As shown in
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Fig. 5. TPD profiles of KAl(D)I30, KAl(D)I40 and KAI(D)I50 sor-
bents after CO, sorption.

Fig. 5, the TPD profiles of the sorbents showed two types of CO,
desorption peaks, resulting from the KHCO; and KAI(CO;)(OH),
produced during the CO, sorption [39,40,51]. The initial peak at
around 130 °C occurred as a result of the desorption of CO, from
the decomposition of KHCO;. The second peak at 270 °C occurred
because of the conversion of KAI(CO,)(OH), into K,CO, and
AL O; [39-42,51]. The first CO, peak increased with increasing
K,CO; loading, whereas the second CO, peak decreased. Impor-
tantly, the amount of KAI(CO;)(OH),, which acted as an inactive
material, was observed to decrease with increases in the amount of
K,CO;. The regeneration and desorption capacities of the KAI(D)I30,
KAI(D)I40 and KAI(D)I50 sorbents are summarized in Table 1.
The regeneration capacities were calculated from the C/C, ratio,
in which C, and C; represent the CO, capture capacities at 1 and 5
cycles, respectively. The desorption capacities were calculated from
the peak areas observed in the TPD profiles (Fig. 5). The regener-
ation capacities were 65.3%, 88.3% and 91.3% for KAI(D)I30,
KAI(D)I40 and KAI(D)I50, respectively, indicating that the regen-
eration capacity was affected by the amount of alumina. As listed
in Table 1, the desorption capacity calculated from the TPD peak
area at 270 °C decreased with decreasing alumina content. These
results agree quantitatively with the difference between the CO,
capture capacities at 1 and 5 cycles (C,-Cs). It is clear that a by-
product such as KAI(CO;)(OH), contributed to the deactivation
of the potassium-based alumina sorbents. Based on these results,
the deactivation of potassium-based sorbents using alumina as a
support can be reduced by increasing the loading of K,CO..
2. New Regenerable Potassium-based Alumina Sorbents with
CO, Thermal Treatment

The fundamental problem with the regeneration of potassium-
based alumina sorbents could not be completely resolved at a re-
generation temperature of 200 °C, because the by-product [KAI(CO5)
(OH),] was completely converted to the original K,CO; phase at
temperatures above 300 °C. To overcome this problem, a new potas-
sium-based alumina sorbent was required. Fig. 6 shows the XRD
patterns of the KAI(D)I40 sorbent after regeneration at 200 °C and
300°C. The XRD pattern after the regeneration at 200 °C shows
the presence of both K,CO; and KAI(CO;)(OH),, indicating that
only KHCO; was completely converted to the original phase. After
the regeneration at 300 °C, only the K,CO; peaks are observed in
the XRD patterns. These results are in good agreement with the
TPD results. Our previous paper reported that the new potassium
sorbent, which was prepared by the impregnation of a modified
alumina support containing KAI(CO,)(OH), with K,CO,, had a
high CO, capture capacity and excellent regeneration properties
even at 130 °C, in spite of the use of alumina as a support [42]. Of

Table 1. Sorption and desorption performances of potassium-based alumina sorbents

Sample Sorption capacity calculated from breakthrough Regeneration Desorption capacity calculated from
P curves (mg CO,/g sorbent) capacity (%) TPD results (mg CO,/g sorbent)
Cyde 1 (C)) Cycle 5 (C) C-Gs C,/C,;x100 130°C 270°C
KAI(D)I30 97.2 62.5 347 64.3 62.6 34.6
KAI(D)140 122.1 106.8 153 87.5 98.7 17.5
KAI(D)I50 149.2 136.6 12.6 91.6 1332 133

November, 2016
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Fig. 6. XRD patterns of KAI(D)I40 sorbent after regeneration at (a)
200 and (b) 300 °C under N,. ([_|) 5ALO;; (@) K,CO;; (V)
KAI(CO;)(OH),.
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Fig. 7. Behavior of CO, and H,0 during CO, thermal treatment in
the presence of 10 vol% CO, and 10 vol% H,O.

note is that the KAI(CO,)(OH), remained in the sorbent when it
was calcined at temperatures below 200 °C after CO, sorption at
60 °C, indicating that the regeneration problem could be completely
resolved by the CO, thermal treatment previously reported by our
group. Based on these results, the new regenerable sorbents were
prepared using the CO, thermal treatment method discussed in
the experimental section. It was important that the potassium-based
alumina sorbent prepared by the impregnation of J-alumina with
K,CO; be held at 60°C for 2h in the presence of 10vol% CO,

20
Fig. 8. XRD patterns of fresh (a) KAI(D)I30T, (b) KAI(D)I40T and
(c) KAI(D)I50T sorbents; (| 1) 5ALO5; (O) K,CO,-1.5H,0;
(V) KAK(CO;)(OH),.

and 10 vol% H,0, followed by thermal treatment for 3 h at 200 °C
using the same gas conditions.

To monitor the behavior of CO, and H,O during the CO, ther-
mal treatment, the concentrations of CO, and H,O were meas-
ured under the same CO, thermal treatment conditions. Fig. 7 shows
the behavior of CO, and H,O during the CO, thermal treatment
in the presence of 10 vol% CO, and 10 vol% H,O. The KAI(D)I40
sorbent absorbed CO, and H,O at 60 °C. In addition, the CO, and
H,O gases desorbed at temperatures above 130 °C and 60 °C, re-
spectively. Fig. 8 shows the XRD patterns of the fresh KAI(D)I30T,
KAI(D)I40T and KAI(D)I50T sorbents prepared using the CO,
thermal treatment method. As expected, the XRD patterns of all
the fresh potassium-based alumina sorbents showed the 5-alumina
(JCPDS No. 46-1131), K,CO,-1.5H,0 (JCPDS No. 73-0470) and
KAI(CO;)(OH), peaks (JCPDS No. 22-0791), with no KHCO;
being observed. Note that KAI(CO,)(OH), was observed in the
XRD patterns after the CO, thermal treatment of the sorbent. This

Table 2. Textural properties of alumina and potassium-based alumina sorbents

Surface area  Pore volume  Average pore Surface area  Pore volume  Average pore
Sample name ) 3 . Sample name ) 3 .
(m’/g) (em’/g) size (nm) (m’/g) (cm’/g) size (nm)
AlL05-950 101.8 0.34 13.1 ALO;-950T 109.4 0.31 11.2
KAI(D)I30 42.5 0.14 13.4 KAI(D)I30T 31.0 0.12 15.5
KAI(D)140 34.0 0.12 14.0 KAI(D)I40T 273 0.12 16.4
KAI(D)I50 216 0.10 19.1 KAI(D)I50T 19.5 0.07 138

Korean J. Chem. Eng.(Vol. 33, No. 11)
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means that the KHCO; produced during the CO, sorption was
completely converted into K,CO,-1.5H,0O, which is an active mate-
rial, during the CO, thermal treatment in the presence of water
vapor. From these results, we found that potassium-based sorbents
containing KAI(CO;)(OH), could easily be prepared using the CO,
thermal treatment method.

Table 2 lists textural properties such as the surface area, pore
volume and average pore size of the J-alumina, KAI(D)I30T,
KAI(D)I40T and KAI(D)I50T sorbents with and without the CO,
thermal treatment. The bare é-alumina showed a surface area of
101.8 m*/g, a pore volume of 0.34 cm’/g and an average pore size of
13.1 nm. The surface area and pore volume of the potassium-based
alumina sorbents without the CO, thermal treatment decreased
with an increase in the K,CO; loading. The &alumina with the
CO, thermal treatment showed a surface area of 109.4 m’/g, a pore
volume of 0.31 cm’/g and an average pore size of 11.2 nm, indicat-
ing that the CO, thermal treatment had no influence on the tex-
tural properties of d-alumina. On the other hand, the textural prop-
erties of the sorbents with the CO, thermal treatment decreased
compared with the sorbents without the CO, thermal treatment.
Based on these results, it is thought that the pore volumes and sur-
face areas of the potassium-based J-alumina sorbents with the
CO, thermal treatment decreased in comparison with the sor-
bents without the CO, thermal treatment.

Fig. 9 shows SEM images of the J-alumina, KAI(D)I30T,
KAI(D)I40T and KAI(D)I50T sorbents. The alumina, which was
prepared using the precipitation method, formed nanoparticles with
a diameter of approximately 50 nm. The potassium-based J-alu-
mina sorbents prepared using the CO, thermal treatment showed
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Fig. 10. CO, capture capacities of KAI(D)I30T, KAI(D)I40T and
KAI(D)I50T sorbents in the presence of 1vol% CO, and 10
vol% H,O, with sorption being performed at 60 °C and regen-
eration at 200 °C.

good K,CO; doping on the surface of the alumina materials. In
addition, some nanorods were observed among the agglomerates
and the number of these decreased as the amount of K,CO; in-
creased.

Fig. 10 shows the CO, capture capacities of the KAI(D)I30T,
KAI(D)I40T and KAI(D)I50T sorbents prepared using the CO,
thermal treatment in the presence of 1 vol% CO, and 10 vol% H,0
at 60 °C. As shown in Fig. 10, the potassium-based alumina sor-
bents prepared using the CO, thermal treatment method showed
CO, capture capacities of 67.2, 105.0 and 134.9 mg CO,/g sorbent

(c)
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(d)
Fig. 9. SEM images of (a) alumina calcined at 950 °C, (b) KAI(D)I30T, (c) KAI(D)I40T and (d) KAI(D)I50T sorbents (scale bars=500 nm).
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at 1 cydle, respectively. These values were maintained over the course
of multiple cycles, even though the initial CO, capture capacity de-
creased slightly with the CO, thermal treatment. These results indi-
cate that only KHCO; was formed during the CO, sorption, with-
out any by-products. As the bare Jalumina with CO, thermal
treatment had no CO, capture capacity; its data was excluded.
Based on these results, we suggest that the deactivation of a potas-
sium-based alumina sorbent could be completely resolved by the
use of the CO, thermal treatment method. Fig. 11(a) shows the
CO, capture capacities and amount of CO, sorption per gram of
sorbent of the KAI(D)I40T sorbents at 1 and 5 cycles as a function of
the K,CO; loading in the presence of 1vol% CO, and 10vol% H,0
at 60°C. The K,CO, contents of the KAI(D)I30T, KAI(D)I40T
and KAI(D)IS0T sorbents were determined by using an ICP-AES
analysis. Table 3 lists the K,CO; loadings of the potassium-based
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Fig. 11. CO, capture capacities in the presence of 1vol% CO, and
10vol% H,O at 60 °C (a) per gram of sorbent and (b) per
gram of K,CO; as a function of K,CO; loading.

Table 3. ICP-AES results for potassium-based alumina sorbents with
and without CO, thermal treatment

Sample Amount of K,CO;  Sample = Amount of K,CO,

name loaded (wt%) name loaded (wt%)
KAI(D)I30 30.3 KAI(D)I30T 23.7
KAI(D)140 40.3 KAI(D)I40T 332
KAI(D)I50 50.6 KAI(D)I50T 444

S-alumina sorbents with and without the CO, thermal treatment.
Aqueous solutions of K,CO; were used to measure the actual K,CO,
loading with the ICP-AES analysis because it is easily dissolved in
deionized water, whereas KAI(CO,)(OH), is insoluble. The K,CO,
loadings of the KAI(D)I30, KAI(D)I40 and KAI(D)I50 sorbents
were 30, 40 and 50 wt%, respectively, which showed great similarity
to the amount of K,CO; impregnated. In the cases of KAI(D)I30T,
KAI(D)I40T and KAI(D)I50T, the loading amounts were much
lower than those of the sorbents without the CO, thermal treat-
ment, at 23.7, 33.2 and 44.4 wt%, respectively. This was a result of
the CO, thermal treatment converting some of the K,CO, into
KAI(CO,)(OH),, which reduced the amount of K detectable using
ICP-AES. Fig. 11(b) shows the CO, capture capacities and amounts
of CO, sorption per gram of K,CO; of the KAI(D)I40T sorbent at
1 and 5 cycles as a function of the K,CO; loading in the presence
of 1 vol% CO, and 9vol% H,O at 60 °C. As shown in Fig. 11(a), the
CO, capture capacities of the sorbents increased in proportion to
the K,CO; loading. Additionally; the CO, capture capacities remained
stable over five cycles, indicating excellent regenerability. It was
also confirmed that the CO, capture capacities of these sorbents at
1 cycle and 5 cycles were equivalent to approximately 88-99% of
their theoretical values (318.8 mg CO,/g K,CO), as calculated from
the number of moles of K,CO, loaded in the sorbents.

Fig. 12 shows the XRD patterns of the KAI(D)I30T, KAI(D)I40T
and KAI(D)I50T sorbents after CO, sorption at 60 °C. These XRD
patterns show the J-alumina, KAI(CO;)(OH), and KHCO; peaks
(JCPDS No. 70-0995). In these XRD patterns, the K,CO5-1.5H,0

10 20 30 40 50 60 70 80
20

Fig. 12. XRD patterns of (a) KAI(D)I30T, (b) KAI(D)I40T and (c)
KAI(D)I50T sorbents after CO, sorption; (L) 5-ALO;; ()
KHCO;; (V) KAI(CO;)(OH),.
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Fig. 13. TPD profiles of (a) KAI(D)I30T, (b) KAI(D)I40T and (c)
KAI(D)I50T sorbents before and after CO, sorption.

was completely converted into KHCO;. To confirm the effects of
the CO, thermal treatment, TPD experiments were carried out on
sorbents such as KAI(D)I30T, KAI(D)I40T and KAI(D)I50T before
and after CO, sorption at 1 and 5 cycles by measuring the concen-
tration of CO, desorbed when the temperature was ramped at a
rate of 1°C/min. These results, in Fig. 13, show that for fresh sorbent,
only one peak was observed at around 270 °C, which resulted from
the KAI(CO;)(OH), produced by the CO, thermal treatment. On
the other hand, in the cases of the sorbents after CO, sorption at 1

and 5 cycles, two CO, peaks were observed at around 130 °C and
270°C. The key observation from the TPD results is that the peak
areas of these sorbents after 1 and 5 cycles were similar to those of
the fresh sorbent, with the exception of the peak found at 130 °C,
which resulted from the conversion of K,CO,-1.5H,0 to KHCO,.
This means that the potassium-based alumina sorbents devel-
oped in this study could be completely regenerated even at 130 °C.

CONCLUSION

The CO, sorption and regeneration properties of -alumina sor-
bents prepared by the impregnation of é-alumina with K,CO; were
evaluated. The potassium-based alumina sorbents were not com-
pletely regenerated at 200 °C because of the formation of the by-
product [KAI(CO;)(OH),], even though the deactivation of these
sorbents was alleviated by increasing the K,CO; loading. To over-
come this deactivation problem, a new potassium-based alumina
sorbent was developed using a CO, thermal treatment in the pres-
ence of 10vol% CO, and 10 vol% H,O. These new potassium-based
alumina sorbents maintained their CO, capture capacities over
multiple cycles, even though the initial CO, capture capacity was
slightly decreased by the CO, thermal treatment. The excellent re-
generation properties of these potassium-based alumina sorbents
prepared using the CO, thermal treatment were due to the forma-
tion of KHCO; without a by-product during the CO, sorption.
Based on these results, we conclude that the problem with the deac-
tivation of potassium-based alumina sorbents can be solved by
CO, thermal treatment.
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