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Abstract
In this study, porous-structured carbon dioxide sorbents were

synthesized by wet impregnation method, using a pre-synthesized ordered
mesoporous alumina as a porous matrix with calcium acetate via
microwave-assisted hydrothermal process to obtain the mesoporous
Ca-Al-O composite sorbents. The mesoporous structures have been
characterized by small-angle XRD, N, adsorption-desorption isotherms,
SEM, and TEM. This study discloses the design and synthesis of
Ca-based layered double hydroxide (LDH) for CO, adsorption at a
high-temperature region of 600~700 °C. The mesoporous structures have
been characterized by small-angle XRD, N, adsorption-desorption
isotherms, SEM, and TEM. The crystallinity was determined by HRTEM
and large-angle XRD. Since the microwave energy might highly enhance
the activity of alumina, the phase of Cal,Al;;0O5; can be obtained at 600
°C calcination. With more CaO-loaded, the CO, uptake-capacity can also
increase; which makes the adsorption kinetics becomes majorly
chemisorption domain. Sorbents produced by wet impregnation have the
unique characterization, the self-reactivation that induces CO, capture

capacity increasing during carbonation/calcination cycles.

Key words: layered double hydroxide, carbon dioxide, adsorption
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XRD BET TGA

LR 4T-4RT 4 (M-CaAl) 4Bz <R iF &

= 10 mun . 10 mun .
30 C , 600°C.2h . 30°C
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3.2 %3V ik 2 4 B/ 4F & B/ & (Part-2)

Ni(NO3), 6H,0 Ca(NO3); 6H,0 Al(NO3)3 9H0
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Ni-Ca/Al based LDH

l | #1%600°C - 1h

NiO-Ca0O based oxide
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4.1 3%k 4] Ca/Al LDH = %2 % &% (Part-1)

D S F IV F 1 AEMA)Z B E AR 1 rT o d Bl B
@arg 2 iseh? 3V § L 48 5 bohemite B4 0 H ¥ESTE 20 = 13.9°
28.3°,38.6°,49.4° and 65.1° > @ 4&% 700°C 1 B & 3. y-ALO; %4 > #
HestiE 20 = 37.4° 46.1° and 66.9° © F1* § F S /SR d AR B oI T
S AT EE IVFE MRt L Bl I(b) A A RAREE R 2T
Uk § Y 4E(MA-C)PF F B/ SR 0 B B¢ & P/P=0.5~0.9

A HBEFAGE S H2» A AR E 5 @3 3ot F S0 2 4

# 4% 5 201.5 m’/g > 3L S AR5 5.77 nm o

400

(a) 1 (b)

350 -
300 4
C700 260
200 |
150 |
100 |
as ]
50 4 —=— MA-C300

Relative Intensity (a.u.)
Volume Absorbed (cm’/g,STP)

0 —a— MA-C700
10 20 30 40 50 60 70 0.0 0.2 0.4 0.6 0.8 1.0
2-Theta Relative Pressure (prn)

B 1~ (a) MA 2 large-angle XRD B (b) MA 2_ & # &8 5 /% qd
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(a) L A: Ca0 ~ |(b) ¥ A: Ca0
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8 L
—
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! A 7]
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s |7 Ca/hl =311 2
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Ca/Al=1:1 €500
10 20 30 40 50 60 70 10 20 30 40 5 60 70
2-Theta 2-Theta

i8] 2-4 7k 3] Ca/Al LDH z_ large-angle XRD ] (a) # F Ca/Al+* &) (b)
Ca/Al=2:1 2. 7 FA4&RER B o

Bl 2(a) 5 # F vt B2 34 iF 4] Ca/Al LDH XRD B B¢ %@
G - B & IR CaO ¥ CapAlyOss 48 0 F CaO 4 Ca/Al 2 & 3
dvdm H4v o — @ 3 0 CapAlsOss 40 3045 800°C pa) = 5 (2 3t A&
AR B 4K E S00°C PEAS S > FARCER R 4D 900°C pF o0 H
CapAljgOs3 40 & IR e 48 F > 4o 2(b)#77r o 1 & F] 5 feidk 4o £ pF >
HANEREAL T RBPT T EIAIRF R 223 8F BFa
B4 8 Ca’l #0309 3V § AR RHEOT RUMEER
PR3 384 CapAlyOs3 4p2) = o ¥ ¢h - B 3 & %[5 ¢ 3biF 3 148
(MA)~Ca/Al=1:1 £ Ca/Al=3:1 2_ small-angle XRD []- @] ¥ ¥ & 17 >
bohemite 2. § * 45 & g = Fren® 3V i i 0 § Ca/Al v B3 4e 5 o
H CaO 74 B EMIFP A S MA L LG ff RS (e 2

#To% )2 BE#X d-spacing 77 4 8nm *¥ I 6.7nm kAR E # ¢ Itk 2 i
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#2~ 7 FCa/AlLDHZ # w #2882 0 & 47

Relative Intensity (a.u.)

— MA-matrix
—CalAl=1:1
—CalAl = 31

L]

0.5 1.0

1.5

20

2-Theta
B 3~ % I Ca/Al \* & Ca/Al LDH’ 4% "% 600°C 2. small-angle XRD ]

25 30

Ca/Al Ratio Surface Area. Pore Volume Pore Size
(ICP-AES) (m?/g) (cm?/g) (nm)
Ca/Al=2:1

30.67 0.086 11.8
(0.66/0.34)
Ca'al=3:1

16.06 0.037 3.85
(0.75/0.28)
Ca/Al=5:1

7.78 0.015 3.54

(0.87/0/13)

4.2 % F Ca/Al LDH +t t]$* CO, e Fi B2 38

Bl 4 5 7 F45/580 53 700°C BRBL BT - F Vg vt g

T I/ R D F RSB RES R RA G

2.65% ~ 15.12% ~ 24.75% ~ 34.0% % 47.67%) > Ca/Al=8:1
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* 179 wt%
40 1 —CalAl= 1: 40 )
(a) CajAl= 1:1 (b) CalAl=2:1
2 30 % 30 -
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o
E 20 _g 20 -
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k= =
.g' 10 4 .g'l 10 -
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& 30- 2 30-
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4 20_
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E E
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2 2
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o ﬂ {] f A1
2
8 2
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2
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0 50 100 150 200 250
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4.4 NiO-Ca/Al-based LDH (NCL) % 3* {47 & HHit 5 #(Part-2)
ARG ML N E BBy s B a2 4 & B (Ni-Ca/Al
LDH) - JL:I-%-‘/L Fe3 Bt e Ni~Ca 2 Al e g4 4c » 3% 15ml DI
water ¥ ¥ 2 o 2B fER(H £ 72 5 CaNiyAl LDH) > £ #-3 53
NaOH ¥ Na,CO; = 4 2 s v » {8 BT R wF i > L &3 R #
Boriig 80°C B F BiL EFPRBIZEERE > RS T
Ni-Ca/Al LDH #: %8 = % 7 B f# Ca,NiJAl LDH 2z B4 %1 » &5
THRGRET R b XRD T  BE 4Bl orT o d Bl (F
Wy Cazg BHIF - S ¥ s Ca(OH), 7 AXp &g » #-H o 0455
600°C % 7 x=0.33 p& % & "'3 % Ca0 > X=1 £ X=0.67 ¥ % NiO %L »
o YpbtiE 20=37.5°~435°~63.5°2 T55°F HEM A7 2 & = NiO
2 CaO /2R 7 17 F & o X=1 P peak $7 P BE 2 5 4P ¥ 56 & #35 #7
PR F8 x=0.67 LIE5 X L AET 2 & x=0.85 k&7 f2
Hef®%iE 5 Jd Bl (OR%F § x=085pF & § LDH 2 #jk
B0 459D 200°C PF 0 H LDH S5 #3 » s 41 600°C 37

5 NiO -
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E (a) 7:1-Ni0-as (b) (Caq.NigJ:Al=T:1

7:1-Ni0.10-as.
7:1-Ni0.15-as
- —— 7:1-Ni0.33-as | A x=0
Ca{OH),  Ca(OH), T rimioer
- i N x=0.1
i 1
%. I - g-' l‘ x=0.33
| R | | __)"M‘__JL_A,
£ g -
_T._;_z__kr_l_“_,_i N £ R

\n:‘...; ..... P sman o M a__

Fan

— T —
1,8 a I l
N 2 A e, _ jL—A_n
NiQ)
'''''''''''''' T T ¥ v T T T T
10 20 0 40 50 B0 Fatd 50 10 20 0 20 50 (1] 70 80
2 theta (deg.) 2 theta {deg.)
(G) . Ca, Ni: Al=T7: 1, x=0.85
MJ\_]‘\‘__ s A_. soo'el -cao
N o P * . A 400°C *CaCO,
- . * NiO
a A A 200°C
=
£
a
=
00°C]|
M_M.A.M_ M as
T T T T T T T 1
10 20 30 40 50 80 70 80
2 theta (deg.)

B 6~ 7 5] NiO-Ca/Al-based LDH z. XRD(a) & = fx ~ (b)4& &
600°C ~ (c)x=0.85 7 FF 4% &8 &

50 B2 2 AT 3 CaxNigAl LDH z 5% o T 41
EXAFS g fch+ ¥ Rlinhing e ot (B 7) 4 % BR824
feifics S FEEL - APt R % o d BlZ BB F X ks
NiO £ FCC ## Ni-O erg£ 2.092A & Ni-Ni4E£ 2.956A 1R %
§ INIO %k 5 02A #7043 1.7A thpeak % ¢ ¥ % L EF S7NIH &
2.6A > Rl R F] % phase shift /% 4 $2 0.3A #7021 17A 7842 3% &
Ni-O e 2.6A 7042 3% & 2.9A E Ni-Nidgd o ¥ o jigh & ¢h

A5k 5 as~170°C H— B % B 200 f= 400°C L7 it shB 4 » 600°C
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x s o 117 900°C B NiO A%4R T © 4r% B 900°C fr NiO %
WER B B AR AN EESALT S o318 K A
peak 77 ied B SRR ET LR IS K F K 900°C hrpeak

A~ ® FF v NIO 7+ o gt 2 900°C eife =8yt NiO § o

30 4
] as
—100°C
&1 120°C
170°C
20 - ——200°C
——400°C

FT magnitude (ka X (K))

radial distance {A)

B 7 ~ Ni-Ca/Al(X=0.85)LDH 2. EXAFS

4.5 NiO-Ca/Al-based LDH (NCL)2. = § - 4 &
pane X3 &30 b E R 5|5 Ni-Ca /Al LDH » %2 7 b
X B2 AT F AR BLRIGE 0 H ORISR IR SR

600°C #5 84 % ++ 700°C 11 25 A 4B¥3 %f > 8 A 4B WL (7 o B 8 BT o
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Ca/AlLDH > = ftd =~ & 5 49.6 wt% 21 xx Blis 2 - 5 Pk

B4 89 % x=0.1> mritdh * B % 46 wt% o 15 =i B s H =

oy
-

RAT A S L 95%10 1 > x=0.15 ik + £ 5 41.2wt% 0 21 S

Blis £ = F PR AE S 5 90 %1 b ot i fs 8 de x=0.1 82 x=0.15
Ll SN =

¢ LI e BIAE R o 2t 2 Bl de Nij 2o £ S gAEe

B Aot Ca/Al 3457 UL Ca FIB B EHoc kAL RERE - e
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(a) Ca:Al=T7:1

CaAl=T:1
.. | 98%
= ’;’ T, ;/ ¥, 42 8% 44
f ffff(f{f’f’f e

weighl change (%)

-
L ! |
=a
s
a
-
-
-
b o U 4
T T T
. -
- Raw

(b) Cayx Nig:Al=7:1,x=0.10

i

time [min )

46.6%

T

wigighl change( %)

(C) cay, Ni:Al=7:1,x=0.15

T

(e

e W(

weght change(s)

Fme me .

B 8- 7% F Ni,-Ca /Al LDH ' 2. = 2 i s ex /% "it i TR Bl (a)
Ca/AL=7:1 ~ (b) x=0.1 ~ (c) x=0.15
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4.6 NiO-Ca/Al-based LDH (NCL)z2_ p% #g i it

PR R OF BRGNS ) A TR 28 BRI s R S Sl S
APk 25 C4EAM o RICKE AR 9 Ao o FREEA CIEAR S
220°C ~ g iv B R P 5 550°C ~ & fg/-k v 5 3:1 ~ carrier gas 3 N»-79%

0,-21%(;2 % 5 0.5L/min)% % f C/O 1t 4o F #57 :

C/O =04, 0.263mL/min
0.5, 0.351mL/min
0.6, 0.451mL/min
0.7, 0.567mL/min

B~ x=1 ~ x=0.85 ~ x=0.67 771 Ca;(-Ni,/Al LDH # %8 :& (7 P3& > B % 4r
Bl 10 #1751 » 4 x=0.67 > C/O " 5 0.6 pF > Hy:EH b 5 72% o Fl %
W23 carriergas fv b AR REE Bd 4 7 B ATiE N eiE L IR L o
x=0.1>C/O " % 0.7 FF > 25 EF®E > H Hy:gH W0 2 99 %> @ F
x=0.85>C/Ow 5 0.7 > HE & Hys FEH W 5 104 % o C/O v 4%
A rHEERp TR EE S > 1 C/O Y 0.4 40 0.8 3 s
100 % ] 0.8 %4 77 *« & ¢ fig & % ehpF i sample ¥ 12 Pig & > B
WAE® 04 PR E e BRAEE BN Y E R P4 G A
LR AT REEZ EHen 2 hipaE 0.67 hE F A
B PR 0.85 fo 1 @ x=0.85 it di kvt 14 &7 R p 2 57 Ca0
i F oS ik A4 CO, e ftkos §F LTI F BB

7 L v i
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steam reforming

Bl 9 ~ Ni,-Ca,, /A1 LDH 2_ s 2 8 1“ 2% & o

> _ ——71-Ni=1
—T71-Ni=0.85
140_— — 71-Ni=0.67

120

1043

100

a0+

H, selectivity (%]

60

40

20

o T ' T T T T T T T
0.4 0.5 0.6 07 0.8

C/O ratio

Bl 10 ~ Ni,-Ca,, /Al LDH 2_ fis £ L1t o
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Pgs
y
s
ik
gg.

¥ — 4 (Part-1):

1. 2 8# ¢ I F2 § CARMAE & 6 ## 5 201.5 m¥/g » 344 A 30
% 5.77 nm o

2. I UMK BKE LS E B A G 2 Ca/AILDH 3% F 45 88 o

3. 044 500°C PF 0 4 % CapAlyOs3dp v F B4R S H - B AY
R ORI/ B R ] 7

4. &7z F 1SR/ T2 Rl 0 Ca/Al=2:1~5:1 W BRI

NUE VIR % o R BT B FF > Hex ]T'E‘E_ml—-lk’%io

¥ = ™4 (Part-2):

5. @I Rgrok#iE £ 273 B NI X 3 bz Ni-Cap /Al 7:1
LDH -

6. Ni,-Ca;, /Al LDH /7] » XRD s jz %87 & 170°C - B %
& 200 v 400°C H_#7 i1 e 4 > 600°C * ' sc % » $| 7 900°C &
H2 NiO 484p 17 «

7. 823% Ca/Al LDH > £ & w¥itd = £ 5 49.6 wt% > 1z 21 =k it [B] {3
HoF PR ERFFL 89 % a x=0.1 sx'h* &5 46

wt% 0 15 Bli$E - §F PR ERFEFLREEDIS%ILL
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gis e x=0.1 B ILE R Sk /s e BlAE T4 o
8. % x=0.67>C/O " 5 0.6 FF » HyiE & 5 72% > x=0.1 » C/O +* 5
07 P » H H, 811 5 99% » @ £ x=0.85>C/O+ % 0.7 fF » £

W Hy B EH 5 104% o
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