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Abstract

Carbon capture has always been widely concerned in regard to environmental protection and in-
dustrial manufacturing. The carbon capture materials with high CO; selectivity and adsorbing ca-
pacity become one of the urgent problems to be solved at present. On the basis of the steric effect,
the ion exchange method was adopted to modify the zeolite 4A with K* to achieve high selectivity
adsorbents. The adsorption equilibrium data and the adsorption kinetic data of CO;/N; were
measured using the static adsorbing tests. The experimental and analytical results demonstrate
that the exchange rate has important influence on the adsorption properties. The capacity of N; on
various zeolites would decrease greatly with higher exchange rate. The adsorbent with 14.7% ex-
change rate has good performance for adsorption selectivity and Kinetics, with the selectivity
about 600. It may be fundamental for applications of carbon capture by adsorption.
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FIXF CO, B P B 035 T B . DRI, R B v Bk (0 IR B 72 H T 70 A B

AR CO, TN, [R5 T8 122 H AR 2 F(CO, A 0.330 nm. N, oA 0.364 nm),  PARZBHZN 5 B 4L
L, E A FEFR B KBS T AT 4A WA o T HEAT OO, DT TR SR B SR LIS S5 A, BRI e
PEH) Na/K A 7 CO, W B4 ko

2. LI§
2.1. MEsHIHI&

Bl E B 4A W 2 T 0 TONR FE N 0.250~3.251 mol/L Y KCI V&, £ 298.15 + 1 K fHIE&MH T,
DA BRI 2 800 r/min BEATHE Sy B EE, BEPEmIE Y 0.5 h, HHBREE®, BEE4ERE 1, HARes 1
FIRES 5 RS H B W N B TDL-80-2B 2B DML FLHEAT B0 5, B0 A1 %E 2 min,
FEE N 3500 r/min; 193 3 T G A ICP-MS Al HL B iRk B, WSS R s BB 4 T Imiie
FZRKEAT B fa, NS dp kAT Rebe, TEN 773.15 K, Krlemf[a] 8 h, SRJGHUH LRI T
g R A H B H IR

Table 1. Modified Na/KA zeolite with different preparation conditions
F 1. TEIEHTHI%E Na/KA B EA 57 FiF

FEbh S KCl H#(g) KCI ¥ (mol/L) PRI H] (h)
1 1.86 0.250 0.5
2 2.14 0.287 0.5
3 2.42 0.325 0.5
4 3.72 0.500 0.5
5 2421 3.251 0.5

2.2. WM EEREIHEMR

K P T AR 194 H BT M 28 PCTPro2000 E&E, WK CO,. Ny 4 ARZE b3 I B FRE S
BT 5 AR B 3 J0 2 i . Horp, P B B s R R S E 0~1 MPa 22 17, R E4 293.15+£0.1 K; 3
F32E MR R4 R 3 HIEE 0.02~0.07 MPa N, J&/¥ N 293.15+0.1 K.

3. ZERE5 0
3.1. DRPHFE

BT A 2 4 Rl4a T 293.15 61 F, CO,y Ny iSARTE 5 AR AS e 641 il £ F B e b o 40 7
REAE o AR PSP R . AT AR, IS BRI SRR 2RSS JE T IR T BRI AR . BEE SC IR Y
I, 26 CO, M Ny SRR & 52 T Pk sy, HorhoReE s 3. KRS 4 FIRESD 5 ORF N, IR B 2 38 FAIS, 1
HF R I IR B SR PR FLAR TR T 2 R 4% T FR TR IR R T e

AR Langmuir-Freundlich (L-F)RE 25 H i T #l &

n_ (bp)

= 1
n 1+(bp)q M

Horhn NEERS p FHTHIRAEE, n® RN RIRE R SRR, by g 9 L-F BURSHL b ]
AR AR PR 51U 2R T S IR PR 2 20 7 < TR AR LA g i) DASRAE MR PR R R T 3437 (K A2 — 1k, JE A 0~1
Z 18],
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Figure 1. Adsorption isotherms of pure CO, on sample 1 to

sample 5
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Figure 2. Adsorption isotherms of pure N, on sample 1 to

sample 5

2. 45 N, FER MR 1 E4Em 5 ERIRMEF IR

Table 2. The L-F model fitting of pure CO, and N, on various zeolites

2. L-F REMAE CO, 7 N, E & m ERIIRMF RS

FEMS K22 #5%(%) W B no (mmol/g) b (MPa™) q
| 102 CO, 6.1240 21.4833 0.9975
' N, 1.7114 1.7601 0.9901
CO, 4.9046 19.4895 0.9823
2 12.8
N, 1.6824 1.0811 0.9844
CO, 4.7634 18.589 0.9902
3 14.7
N, 0.0567 0.9572 0.9864
CO, 3.7881 17.422 0.9810
4 22.5
N, 0.0432 0.8154 0.9803
CO, 3.1260 15.370 0.9858
5 29.3
N, 0.0391 0.7651 0.9837
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T2HHT LF BB A S5 . AT LA, SR PR AT B B n® A S5 b 3B KA 3R 103
BRI, FEAE LA BRI 14.7%0F, N, BRI & S B3 N A . XREAN 4A 57
BT K2y, KB FEAAKRT Na', WA Na B s, 77 mifl OO SE iz 840N, i
KU SXT COL FI Ny 2 FIIBTETR o BT 24 4A 43 TR KM BKT 40%0, A ALK Rl
0.4 nm 7247 FRERHEIE T 0.3 nm, B9 3A BU5rF-[10]. M4 g B BRRIEIE T 1, R
FIBIAAEAER TE LR A [ 11 ] R FRBE, 5 7 ARG RN, JEIMAR & 4A F1 3A
4 Fifi(Linde A&, Hro K2R 4A 1 3A 55108 0%F1 85%) It/ xfth, WK 3. wLAEH, H
T AA FLIRRR, 2 RIBTIR M COL R Ny, HLRFRERENE ¢ (6 = (i) Ceav)s x Ky, 43 BN ER 5§ TEWR Bt
FANVSAH A BE IR 23 Y B, 75 15 LU s KIASHRFN 10.2%F1 12.8% (K150 T Il ik £ — s, (2
KT 100; K' RN 14.7%H) 0 Fimik BFPEstE, 0.1 MPa fil 0.5 MPa “F#i7 & 18 251y 627 F1 5675
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Figure 3. TheCO,/N, selectivity on various zeolites at 293.15 K
[E 3.293.15 K TAREL#HA L CO,/N, Wik

3.2. BMEhHE

IRt 5 e R R S 23— 2 R B P e i s« A S T A4 4y CO, TEE IR 293.15 K
BESUEFILE 0.1 MPa 2518 RN TE KAZHe A AU A 4 0 1 3h 17 se 36 K0, el 4 fos.

B 4 FTLLE H, CO, FEAN A1 B 77 b (15 B T 238 A7 A 235 22 S, JK B1°P- F F (] I 7E 10 min 3] 120
min A&, M KZHE < 14.7%0F, CO, MR B 2R E e, R I IR B2 78 R B[] Y 2 235K, 10 min
J& CIEAREE TP AT s 102 KIS HeR > 14.7%0F, FlankE s 5 1 K55  29.3%, B 100 min
PIATI A I B B P47 o R R B AR FLAR S /N, BRI B 6T COL-N A ZR ELA A7 FHLARSE B N (9 B
BIRMC, {H CO, W P 28 32 B BCOR R

AR Fick 3 B i A A o 4 E I I B S8 R H [ 12]:

oq 1( , . 0Oq
< _-_|sp 2L 2
ot [r ¢ Orj )

Horb e WP RURL 42, D ARORL ST R A q(r, 0 WRARIIRE - i3 e/ SRl 515
B TARFRE S B ROR R, WA 3.
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Figure 4. The kinetic adsorption of CO, on various zeolites
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Table 3. Kinetic adsorption data simulation of CO, by the Fick Law
= 3. Fick iR & CO, M IE#HA LRIR Mz 1%

F

5 D, (mm?/s)
0.02219
0.01958
0.01396
0.00205
0.00046

En

[ N

i Fick AR E S, YRS D AR TS0 FEWBFIFLIE N T BOREREE, S5 BFR00 45
MR Ko D, EUEEOR, KPP ORI, £ N, R 3 Pl LE S, EMFERET,
BEE KWK BT, D, (EUERERN, Ry KSR > 14.7%00, HEE FRERIEEZE R, M
T2 5% 90 3 FROCR = A AR R R
4. &g

ARCE B F AL 4A WA 0 FIRHEAT OO, #8— RV EAE B CO, BT MR BT 4 A
W B 30 1 S S BBF FR A FE S o B, FIH KT 70 Na' B 1, 45/No Fisi4L4E, w1 4A 01
i A X CO, Fl N, 7 FREIETH 2 HIMER, A s8N 14.7% 000 7 I o5 5 M Re e i, WP e B
o] LUK E] 600 A4 B A& BRI 8h 2 RE .
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