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Abstract : Y zeolites with different extra-framework cations, such as Na®, Li", Ca*", and Cu®", with different charge and ionic
radius have been investigated to greatly enhance a working capacity (W) of CO, adsorption at 25 C and a CO,/CO selectivity
factor (S). A sample of NaY with a very small amount of 0.012% Ca®" was fully reversible for seven times repeated CO, adsorption/
desorption cycles, thereby forming no surface carbonates unlikely earlier reports. Although at pressures above 4 bar, 2.00% Cay,
1.60% CuY and 1.87% LiY all showed a CO, adsorption very similar to that measured for NaY, they gave a significant decrease
in the adsorption at lower pressures, depending on the metal ion. At 0.5 ~ 2.5 bar, the extent of CO, adsorption was in the order
NaY > 1.60% CuY > 2.00% CaY > 1.87% LiY. All the Na'-based metals-exchanged zeolites have a FAU (faujasite) framework
and a Si/Al value near 2.6; thus, there is no discernible difference in the framework topology, framework chemical compositions,
effective aperture size, and channel structure between the zeolite samples. Therefore, the distinctive behavior in the adsorption of
CO, with a character as a weak Lewis acid is associated with the site basicity of the zeolites, and the interaction potentials of the
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cations. Different trend was shown for a CO adsorption due to weaker quadrupole interactions. Adsorption of CO, and CO on
samples of CaY with 0.012 to 5.23% Ca disclosed a significant dependence on the Ca loading. The CO, adsorption increased
when the cation exists up to ca. 0.05%, while it decreased at higher Ca amounts. However, values for both W and S could greatly
increase as the bare zeolite is enriched by Ca** ions. The 5.23% CaY had W = 2.37 mmol g and S = 4.37, and the former value

was comparable to a benchmark reported in the literature.
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of 20124 Atk Ny 2+ do|g|=RE 249 HExHAS
847 m* g, Nl 237 72 Aot} NaYQ| )25 T(total
o)A 3ol 91%E X}A|8}9l 1L, Si/Al H]&
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pore volume) 30| A]

Table 1. Framework and chemical composition of NaY® and its

textural properties
Framework | .., . .)| Seer | Aperture Pore volume (cm® g™
Si/Al 2 -1 . M
type (m'g") | size (A) [ v, v,
FAU? 2.6 847 7.2 0.31 0.34

Note. Sggr: specific surface area; Vi,: micropore volume; V;: total
pore volume; FAU: faujasite
“With a very small amount of Ca®* ions (ca. 0.012%)

By an ICP (inductively-coupled plasma) measurement
91ZA (international zeolite association) code
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2t CO, FAA S UEtd Zeg 7|tiEch4,13,14].

3.2.NaYQ| CO, &t =1l XA
e TARAHO R o|Fof7 Al &efolE
% Aol o3t YA KpolZo A &3
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Figure 1. Repeated adsorptions of CO, at 25 C on NaY and its
regenerability.
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> Ca® (1.00) > Li" (0.90) > Cu™ (0.73 A)o|t}. ojwgt 7o
T 0 A WEHA] ASS & 4= 9L, Na'o] Aksa= 291
Ca®'o} 22 o]0 g waEy 238 FaMTA = 57t
St 13]. whebA], 1 Zpolof wWhE EX}A] & I (molecular sieve
effect) & oF7|% CO, T&F zlo]&= ol Aoz Azr=t)

Al&etolE o] o9 ri= 7o) 1|3 site F=H 9]
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Figure 2. Adsorption of CO, at 25 C on Na-based Y zeolite with
different cations.

A5 greth. e ALelolE Yo} 2L FAU £22 2
= ALeto|E Xof| Na, K3} LiZ o|2wsst 49 Co, &2
g2 LiX > NaX9] 0|1 31[19], chabazite +2 2] A|-&g}to|
Efdo= CO, F2-d3t dlle)d4=(Henry constant)ol] t3f 5
At AAE Ho]Feh20]. ¥HHo 50 ToflA] Al&eto] =
Yol COE A5 ), 4 ~ 12 bar®] 119FY ol A= NaY
> KY > LiY > CsY9] =22 CO, Z2A5S HoFAT,
sl2]A4E CsY > KY > NaY > LiYE2 YeElGa sle]H 3]
(Henry's law)o] 8%+ G oA unit cell T F2HE CO,
PR A7 SR 28 AS ). olsk &

712 AIEL NaYH e} LiY7l B W2 COo, gi—}%‘ﬂ% Let
W ¥ Aol & AT Na'S L'k 28 H5lE 2]
W= LiT7F o 2o e g M7l (electric field gradient,
§)et 0 7+e] A+Z2HE- el AH(interaction potential, @ ¢ )
LiYoA B Fol= CO, F2o] B 22 olf+= CO9| H
o] o] site I'0f] Li'o] Aoz wate]7] gfjEd Zlo]
th13,22].
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-_rLoﬂf‘ﬂ AHEE Fol 259 a= Ca¥ (3.16) > Cu” (2.11) >
Na® (1.80) > Li" (1.20 A*)o|E==2[23] Ca®" 2} Na'9] ro] z}o]
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Figure 3. Adsorption of CO at 25 C on Na-based Y zeolite with
different cations.

Table 2. Adsorption of CO, and CO at 25 C and 6 bar on Na-based
Y zeolites with different cations, and selectivity and
working capacity for CO, adsorption

Adsorbent Gas adsorption (mmol g)? W | s
CO, CO (mmol g")

NaY 6.70 (5.60) 1.95 1.10 3.44
2.00% CaY | 6.72(5.38) 1.83 1.34 3.67
1.87% LiY | 6.73 (5.22) 1.89 1.51 3.56
1.60% CuY | 6.81(5.50) 1.90 1.31 3.58

Note. W: working capacity; S: selectivity factor

“The values in parenthesis were CO, uptake at 1 bar
Difference in CO, adsorption between 1 and 6 bar
9Defined as a ratio of the CO, adsorption to the CO one at 6 bar

A Y SHolA NaYRth= fejsiths A& AARE
: ARk AAIRE 322 ofjoll Al =2l= ol Aelch
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0.12 mmol g', 2F¢}-8aF2 131+ 0.21 mmol g ¥ THTable 2).
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2 gl oA 29 FAAE ALY uf A
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Figure 4. Adsorption of CO, at 25 ‘C on CaY with different Ca
amounts.
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zeolites with different Ca loadings, and selectivity and
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Adsorbent Gas adsorption (mmol g)” W | S
CO, CO (mmol g7)

0.13% CaY | 6.87(5.75) 2.00 1.12 3.44

0.48% CaY | 6.89 (5.70) 1.98 1.19 3.48

2.00% CaY | 6.72 (5.38) 1.83 1.34 3.67

5.23% CaY | 6.55(4.18) 1.50 2.37 4.37

Note. W: working capacity; S: selectivity factor

“The values in parenthesis were CO, uptake at 1 bar
PDifference in CO, adsorption between 1 and 6 bar
“Defined as a ratio of the CO, adsorption to the CO one at 6 bar
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