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Abstract: Porous zeolite molecular sieve adsorbents were prepared by acid treatment-alkali melting-
hydrothermal crystallization using titanium-containing blast furnace slag produced during smelting process
of vanadium titanium magnetite concentrate as raw material, and characterized by XRD, SEM and FTIR,
with the influence of NaAlO, addition on its structure analyzed. The CO, adsorption performance of the
adsorbents obtained were evaluated via dynamic adsorption method, while the effects of pretreatment
temperature, adsorption temperature and CO, flow rate on its CO, adsorption performance were further
investigated and the adsorption behavior was analyzed by kinetic models. The results showed that, with the
increase of NaAlO, addition, the hydrothermally crystallized product exhibited zeolite structure
transforming from "amorphous— preliminary crystallization—FAU type—LTA type". The prepared
adsorbent (Z-4) activated at 350 °C exhibited the best adsorption performance at adsorption temperature of
25 °C and CO, flow rate of 1.4 mL/min (fixed bed reactor) or 50 mL/min (simultaneous thermal analyzer),
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with the CO, breakthrough and saturation adsorption capacities reaching 2.16 and 3.39 mmol/g, respectively.

The CO, adsorption behavior conformed to the pseudo-second-order kinetic model, mainly dominated by

physical and chemical adsorption, while the adsorption rate constant could reach 0.0785 mmol/(g's). After 5

cycles of adsorption/regeneration, the retention rate of CO, saturation adsorption was 96.8%.

Key words: titanium-bearing slag; hydrothermal synthesis; porous zeolite molecular sieve; CO, adsorption;

adsorption kinetics; functional materials
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Fig. 1 Schematic diagram of preparation process of porous zeolite adsorbent prepared from titanium-bearing slag
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Fig. 5 Schematic diagram of preparation process of different zeolite molecular sieve adsorbents
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Table 1  Structural properties of different zeolite molecular sieve adsorbents
R Na B du%  n(Siyn(Al)  HEREEY(mYg) MALLLRER/(mY/g)  HALA/[em™(gnm)] FEFLFLE/[em*/ (g:nm)] AFLFLE/nm
Z-1 — — 28.30 1.7 0.19 — 29.10
z-2 — — 40.50 24.0 0.07 0.009 15.60
z-3 14.69 1.30 619.40 576.3 0.27 0.216 0.78
Z-4 15.57 1.17 531.20 4923 0.23 0.184 0.78
z-5 16.58 1.08 11.13 0.8 0.02 0.0004 0.38
z-6 17.39 1.02 11.12 1.6 0.02 0.0009 0.36
Ve " SRR B
2.2 CO, MR Bt 1t B 43 #fr
e 1.4.1 T CO, WM SEE, 7a. d N
Z-1~Z-6 1] CO, B I 3% 2 F1 CO, %% Fiit
ﬂl%ﬂfﬁio —a— Z-1
JAIE 72 7T BAFR i, BEE NaAIO, FRAHRE O 7
Z-1~Z-6 X} CO, W fiH4: fig 2 56 L IHE TRk s, 7.5
Z-1~Z-6 1] CO, W I 5735 M40 3 53, 229, 953, e s
1094, 912, 860s, &zl (1) 5, EAIH CO, 0 o0 1000 1300 2000 2500
ZEEW 58 0.16., 048, 1.87. 2.16. 1.81., AL
1.68 mmol/g, CO, {fFIM 43510 0.45. 0.72.
320, 3.39. 2.41., 2.16 mmol/g (& 7d), Z-4 I H
AR CO, MM MERE. 4563 1 /hr, XATREFEE
KR, Z-4 E%2h FAU B A 5010, HAAES CO;,
P2 o 28T Na W R 5508 i Al I B 5124
Kl b e AT HRERE T Z-4 i CO, 3K 150 zg
R 27325 26 A1 CO, 27175 FIRL FIIRZ B o R 5 M 245 2 > 550 °C
M 76 0T LLE W BEE Z-4 R SRR EEC 150, . . . .
350, 550 °C) fW¥Efm, £ 25 °CHIAY CO, 2% W fff 0 500 1000 1500 2000 2500
i i) 52560 KR T RS, CO, B 255 254 5 TS
272, 1094, 1002 s, A3 (1) {5, CO, FiBEW Lo ° g
Bff 43 )ik 2] 0.52, 2.16 F1 1.91 mmol/g ( & 7e), 0.8
AR R, BlE WA ARG, A A R R c 06
PR TR ES S K W BEIR DA T 28 8% i T 2 1Y) W Ao s
Mo MHZ T, S 350 F1 550 °Cififb)s, H 04 .
CO, ZEBE W I (2.16 F1 1.91 mmol/g ) HHZEARK, 02 ——50°C
30 J2 DR B o 0 VR T IR 4 KA 350 CIEEL . § T
ARG, I, JEEEpFEal v 350 °CikfT 0 500 1000 1500 2000 2500
Wik, PR EERERE FfTEl/s
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Fig. 7 CO, dynamic adsorption penetration curves of different
porous zeolite molecular sieve adsorbents (a) and
their corresponding CO, penetration and saturation
adsorption amounts (d); Effects of different pretreatment
temperatures (b, €¢) and adsorption temperatures (c, f)
on CO, dynamic adsorption penetration curves of
Z-4 and their corresponding CO, penetration and
saturation adsorption capacity

B Te. AR IR BEXT Z-4 FE 5 CO, Bl
AW B 2 375 2 CO, 25325 R 0 2 o 2 1) 552 i 25
o MWK 7c \TLIER Y, BEEWFREE (25, 50, 75 °C)
T, Z-4 1) CO, 2R3 5551000 1094, 694, 424 s,
25 (1) A, Z-4 78 25 CHIWHEE R, CO,
5 175 W B AN AR R B A B RO, B 2416,
3.39 mmol/g (&l 7f), ULEH Z-4 (WAL MHEE N
25 °Co XAEFN, Z-4 B B AL Na™,
5 Co, W HHER J18 55, Br LA s i A H T
CO, W B, {HAFIT CO, Wik, W SCBLAGH A .
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Table 2 Adsorption properties of reported porous zeolites

4R W R/ C B/ (mmol/g) 5% 3k
NaX 30 1.97 [46]
NaA 30 1.37 [46]
K-MZR 25 2.04 [27]
LTA 25 2.18 [47]
CFAZ/ZIF-8 25 2.83 [48]
NaX 25 3.30 [29]
LTA 25 3.30 [49]
K-CHA 25 3.80 [50]
CFAZps 0 3.21 [51]
Z-4 25 3.39 A3

¥ : CFAZ "h CFA REMBIK, Z 35T,

2.3 CO,WRHMizh =501

& 9 AR oAb PRI B . W B 2 CO, Ji i
T, Z-4 19 CO, shBWth4k . & 3 HHl—G5h 7))
SERIRVFNL — 2 By ) BRI A 25 5
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Fig. 9 Effects of different pretreatment temperature (a, b),
adsorption temperature (¢, d) and CO, flow rate

(e, f) on dynamic CO, adsorption curves and kinetic
fitting results of Z-4
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% (k2 2}y 0.0424 mmol/(g-s) ), FEUK G 1YW A5
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Table 3 Results of CO, dynamic adsorption curves of Z-4 fitted by different kinetic models under different conditions.

Wh— 3 17

Mgz )i

K1k / B - : -
q./(mmol/g) ki/s R q./(mmol/g) ky/[mmol/(g-s)] R

AR /°C 150 2.636 0.0391 0.832 2.659 0.0269 0.937

350 3.382 0.1046 0.965 3.391 0.0785 0.987

550 2.472 0.0242 0.892 2.510 0.0200 0.832

W2 o 3k /°C 25 3.382 0.1046 0.882 3.391 0.0785 0.987

50 2.400 0.0725 0.836 2.405 0.1031 0.829

75 1.457 0.0174 0.921 1.475 0.0267 0.823

CO, Jjii #t/(mL/min) 30 3.451 0.0709 0.917 3.167 0.0424 0.977

50 3.382 0.1046 0.965 3.391 0.0785 0.987

70 3.417 0.1531 0.973 3.220 0.2133 0.968
:3 °Z1 oZ2 HRARBCR (0.951) KT~ 3245 ( 0.822 );
| ARy~ Z-3 Jg% G EE BLAF) FAU BI040 706, T

[=] : = e 2 S 4 N
M (ge=3.197 mmol/g ) B 323 52 BRI 15 09 B0l
uﬂ% (3.20 mmol/g ), HIU—Lzh J2E M RIA K R 5L R?
§ (0.910) KT g 5h Jy=AH R (0.898 ), M Z-3
S WA F R 35 Z-4 UL FAU RBU0Ffoh £019
0.5 [iswoooo0eo ©90006600609800600000 e EE by, Sl SRS A, A Z-4
0 (')e’e T Ty T hy o PR o RN A2 g o ] 3 S5 Z-5 R0 Z-6 B9
ff il /min P Eh J2E A BB R 29 0.90, #RR T4 —
45f 0Z102Z2 W F1 R PR LTA 0 Z2 4L A 2 075 0 ff
_ 4of ci3ne FUXF CO, W BRI B 0y B A 22 W S RV P . R
T 2 s % 2-5 F 2-6 11y CO, ALK 15 Z-3 Al Z-4 B
ENNf ERL ., (AL S A1 B
“g 200 435124 0.0032. 0.0073 mmol/(gs) ), X FEIHKT
=Rl LTA  2-5 fil Z-6 F9AFLALE (0.36~0.38 nm) 5
Rligd RO COL 4+ F Hi#E (0.34 nm) FEH BT, F3 COL 40T
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Fig. 10 CO, dynamic adsorption curves of different porous

zeolite molecular sieve adsorbents and their kinetic
fitting results

ME 10a, b I 4 vJLIEH, Z-1 HI—2 )
JIEFAERIAE 5 28 R (10.987 ) KTl — 2 5h )y 246
A1 (0.954), ULEA Z-1 I BRI IfE M 3, X5 XRD
R TCETE YA 2-2 WIEAFHIR,, BRE
IEBATE AN Eh A, HE 2 I 25 ik,
I B o R (K, = 0.0285 mmol/(gs) ) i KT
Z-1 [k, =0.0076 mmol/(g-s) J, HfPl g5l Jy 244508

Z-3 M Z2-4 FEAFLFLAR (0.78 nm ) KT CO, 71
B sh fie AR, I T H S FAU B384 20 70 o 56
o ONa W A A, T T B R

K4 AFRZALYe A1 0 3h ) 2 AR 4
Table 4 Kinetic model fitting results of different zeolite
molecular sieve adsorbents

W—H 3 1% 3%
Y o/ .
(mmol/g) (mmol/g) [mmol/(g-s)]
Z-1 0.421  0.0021 0.987 0.454 0.0076 0.954
Z-2 0.705 0.0106 0.822  0.720 0.0285 0.951
Z-3 3.197 0.1581 0.910  3.196 0.0281 0.898
Z-4 3.382  0.1046 0.965  3.391 0.0785 0.987
Z-5 2.305 0.0041 0.684  2.407 0.0032 0.906
Z-6 2.104 0.0078 0.593 2.159 0.0073 0.866
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