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Abstract: LTA (Na-LTA) zeolite matrix was constructed from solid waste slag (titanium slag) discharged in
the production process of vanadium titanium magnetite. Three kinds of cation exchange zeolite molecular
sieve adsorbents K-LTA, Ca-LTA and Ce-LTA were then prepared by conventional liquid-phase ion
exchange method, and characterized by XRD, FTIR, SEM, BET and CO,-TPD. The CO, adsorption
performance of these three adsorbents were evaluated by dynamic adsorption and mass adsorption methods,
with the adsorption mechanism speculated. The results showed that the saturated CO, adsorption capacity
of K-LTA, Ca-LTA and Ce-LTA (2.11, 3.29, 2.26 mmol/g) was higher than that of Na-LTA (1.97 mmol/g),
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while the penetration adsorption capacity of K-LTA (0.11 mmol/g) was significantly lower than that of
Na-LTA (1.67 mmol/g). The CO, adsorption process of the three adsorbents was more consistent with the
quasi-second-order kinetic model (R*>0.99), with the adsorption rate constant in the order of Ca-LTA [7.015
mmol/(g-min)] > Ce-LTA [5.343 mmol/(g-min)] > Na-LTA [1.416 mmol/(g-min)] > K-LTA [0.042
mmol/(g-min)]. Ca-LTA exhibited the strongest CO, capture capacity, the highest CO,/N, and CO,/CH,
separation efficiency, while maintained excellent adsorption capacity after 5 cycles of adsorption/desorption.
The maximum CO, adsorption capacity of Ca-LTA could reach 4.017 mmol/g by Langmuir-Freundlich
isotherm model. The CO, adsorption process by three kinds of adsorbents was dominated by both physical
and chemical adsorptions, in which the physical adsorption was a cation with a large charge size ratio to
enhance the electrostatic force on CO,, and the chemical adsorption was mainly carried out in the form of
C-bond carbonyl group. This collaborative adsorption mechanism achieved the efficient and rapid CO,
capture by cation-exchange zeolite molecular sieve.

Key words: LTA zeolite; solid waste residue; cation exchange; carbon dioxide adsorption; adsorption kinetics;
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Fig. 2 Schematic diagram of preparation process of Na-LTA (a) and M-LTA (b) zeolites
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Table 1  Structural properties and degree of ion exchange of Na-LTA and M-LTA
A Na'fii it M Jii n(Si)/ IE/ TRV = (X S (% {2 fliz/
)T S N
EU Y% S Y% n(Al) % (m?/g) (cm’/g) (cm’/g) nm

Na-LTA 11.57 — 1.04 — 15.5 0.028 0.024 21.836
K-LTA 8.39 5.31 1.06 46.5 9.5 0.018 0.016 7.517
Ca-LTA 4.12 10.52 1.03 71.8 521.3 0.232 0.036 5.888
Ce-LTA 5.39 13.47 0.99 28.1 375.6 0.227 0.092 6.329
T Na' SRR IR JC/T1021.2—2007 M52 s “—" fRER AR K HdE .
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Fig. 6 Dynamic CO, adsorption curves (a), CO, adsorption capability (b) and CO,-TPD plots (c) of Na-LTA and M-LTA;
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Fig. 7 Dynamic adsorption penetration curves of Na-LTA and M-LTA for CO,/N, and CO,/CH, gas mixtures
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Table 2 Competitive adsorption selectivity of CO,/N, and CO,/CH, gas mixtures on Na-LTA and M-LTA

q/(mmol/g)(D ® q(mmol/g)® ®

1052 5 551] V(CO,) © V(N,) ,? V(CO,) : V(CH,) a,?
CO, N, CO, CH,

Na-LTA 50 : 50 2.40 0.06 40 50 : 50 2.34 0.54 4.3

K-LTA 50 : 50 0.64 0.09 7.1 50 : 50 0.57 0.48 1.2

Ca-LTA 50 : 50 2.56 0.04 64 50 : 50 2.91 0.59 4.9

Ce-LTA 50 : 50 2.10 0.14 15 50 : 50 1.96 0.71 2.8

OFRFES (FUEWEE<] mg/L) KRHE; Qb2 E W5 CO, 738 R ai il aso
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Fig. 8 Dynamic CO, adsorption curves of Na-LTA and
M-LTA and their kinetic fitting results
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# 3  Na-LTA Fl M-LTA g5 W [ CO, i 2 5l /) 27 i 8 41
HZ80 (25 °C)
Table 3 Parameters obtained from fitting the kinetic model
for the dynamic adsorption of CO, by Na-LTA and
M-LTA (25 °C)

% B 551 HE—2ah 5 W=l iy
q./ ]?1/71 7 qe/ k! [mmol/ )
(mmol/g) min (mmol/g) (g'min)]
Na-LTA  1.939 1.540 0.674 1.964 1.416 0916
K-LTA 2.073 0.069 0.986  2.340 0.042  0.997
Ca-LTA  3.297 7.674 0986  3.304 7.015  0.998
Ce-LTA  2.253 5.206 0.956 2.261 5343 0.992

ME 8 Fig 3 WLUIAEH, Na-LTA, K-LTA,
Ca-LTA il Ce-LTA XF CO, W Bl i<t R34 0 45 A 1 —
GB SRR Na-LTA B9E 9 sh Ji2p il R*>
0.91; K-LTA. Ca-LTA Fl Ce-LTA Ay — 2R 5h 12445
R R*>0.99, i — K sh J1F#H R*>0.95, %] K-LTA
Ca-LTA Fll Ce-LTA X} CO, M Bt iz i 2 1 22 W it A4
FROG B RIVE 25 5 . Beah, 4 Rz Bl — g
Bl 7 2E AR B K 32 5 51 ( k,, mmol/(g-min) ) &Ik
HEF M. Ca-LTA ( 7.015 mmol/(g-min) ) >Ce-LTA
(15.343 mmol/(g-min) ) >Na-LTA ( 1.416 mmol/(g-min) ) >
K-LTA ( 0.042 mmol/(g-min) ), FHM Ca-LTA EAH
PR R BE S AR AN B A2 5 T K-LTA MR B R g
Bog IR/, KT Na-LTA, X5 K-LTA HIARL
LR
24 CO,RMi# 1%

[l 9 >i Na-LTA HI M-LTA fY CO, M [FF 25 15 W% [}
B MR R A ik, R 4 W IRL AR
GSH

MIE 9 A[LIFE H, Na-LTA. Ca-LTA F1 Ce-LTA
FEMH 770 B 6T CO, 3413 B HE 458 v (4 W Ff 3t
L2 o6 B T 3G AN DT R R 5 i o VA A L
(25,45 °C) myTH&E, CO, M RMisli/)y, 2 W
Yoot 2R, NEE 4 ATRIAE N, 5 Langmuir
F Freundlich 2 #4 4 b , Langmuir-Freundlich #& #1
LA A5 R 2 5 AN TR 35 KSF T B9S2 5 8ot 2R
B — St

35 3.0
. a _40rb —_ ¢
g? 3.0 g) 3.5 g‘) 2.5
S S S
E 25 g 3.0 20
=20 ml% 25 ﬂﬂ%d s
&z 15 25°C 2201 25°C = 25°C
10! 45°C X1 45°C X 1.0 45°C
o) Langmuir model 25°C) | o'1.0 % Langmuir model 25 °C) | O 0.5 Langmuir model (25 °C)
O 05 ‘i Langmuir model (45 °C) | © 0.5 Langmuir model (45 °C) o™ Langmuir model (45 °C)
0 L L L L L L L L L L L 0 L L L s L
0 20 40 60 80 100 0 0 20 40 60 80 100 0 20 40 60 80 100
JE J1/kPa JES1/kPa JES1/kPa
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Isothermal adsorption data and isotherm model fitting curves for CO, adsorption of Na-LTA and M-LTA samples

Fig. 9

#4 Na-LTA, Ca-LTA Fil Ce-LTA 1§ CO, W bff 1d 2 55 RER AT RL 0L 5 S 8L
Table 4 Parameters obtained from isotherm model fitting of CO, adsorption processes in Na-LTA and M-LTA (Ca-LTA,

Ce-LTA)
— N Langmuir Freundlich Langmuir-Freundlich
REnl i BE/°
(mr(fllg/l/g) Ki/Pa! R [(mmol/];F)/(Pa)’ " " R’ (mr?lr:)/l/g) Kyo/Pa! ! R’
Na-LTA 25 2.931 1.259 0.940 1.479 6.036 0973 3.696 0.678 0.427  0.997
45 2.551 0.601 0.973 1.007 4.585  0.963 3.006 0.473 0.576  0.999
Ca-LTA 25 3.837 0.762 0.993 1.654 5.050  0.922 4.017 0.684 0.768  0.999
45 3.545 0.295 0.998 1.085 3.732 0931 3.671 0.308 0.868  0.999
Ce-LTA 25 2.753 0.225 0.969 0.773 3.505  0.983 3.764 0.226 0.543  0.999
45 2.361 0.123 0.988 0.508 3.007  0.979 2.933 0.159 0.656  0.999
AR R*>0.99, W] Langmuir- Freundlich F5 SCHRARIE Y R TR 43 O g B

B A] BT VAN A N A R AT . 25 °CHE, Na-
LTA K CO, Wil 4 3.696 mmol/g, Ca-LTA A
4.017 mmol/g, Ce-LTA Jj 3.764 mmol/g, X— %
5ahAW 5645 R —30, Langmuir- Freundlich #
AU ZRAE T W B0 2R i SR o T AR S0 1,
Na-LTA . Ca-LTA il Ce-LTA % CO, i n<1, #iH]H
W B R TR AR A, AR TR TR . BT
K-LTA &M (9.5 m%g) FEil/N, S8 it %
g ()RR G RS ), BRI, FEARXS
AR RIS, o CO, Wt oot Lo Fikgh
WA FE T, Na-LTA | K-LTA . Ca-LTA Fl Ce-LTA
T BH 5 19 R AT R0 A1 07 B DA R 45 R HE 28 T T LA
5,

5 F M-LTA 58 & F3Ck 56 co,
W B 1 BE X L 45

Table 5 Adsorption performance of analogous zeolites as
reported in the literature

W B 2% 1

B 551 e 42t/ E DN
FESi/MPa  JE/K - (mmol/g)
LTA+FAU 0.1 298 3.39 [21]
Na-A 0.015 313 1.40 [31]
Mg-A 0.015 313 1.80 [31]
Ca-A 0.015 313 3.81 [31]
Ca-LTA-3 0.00004 298 1.12 [33]
Micro-LTA 0.1 298 1.94 [34]
Meso-LTA 0.1 298 3.63 [34]
5A 0.1 298 3.68 [32]
SA@ZIF-8 0.1 298 0.31 [32]
K-LTA 0.1 298 2.11 A3
Ca-LTA 0.1 298 4.02 A3
Ce-LTA 0.1 298 3.76 EN'S
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Fig. 10 Equivalent heat of adsorption for CO, adsorption
process of Na-LTA, Ca-LTA and Ce-LTA
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