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Low Silica X (LSX) Al&e}o|EE 3/dste] i F& wkgel A8siglen, 7|1&2] A-g3shd dAgaE8 Aleat
o|ES} A FA e W I BAS vwsiSitt. LSX AlSfolEL] Alx WER Al AeollA9] Na,0/(Na,0+K,0)
H)¢} AR5 A1 s3It Na,O/(Na,O+K,0) HI7}F 0759 o] LSX A2l E7} $AH-S XRD, SEM ¥4
ZHE] RISt A9 LSX AR Exs -2 faujasite -5 2= NaYL} NaX Al&glo] ERT} Si/Al H]7F 2}
I 719 1o =¥3hS XRFS} FTIR A#25-E 2151t} 1A(LL, Na, K), 2A(Mg, Ca, Ba) =5 0|07 wehy
LSX AlgEto|Ee g3l Ak T2 HAEE a3 A, ool2] Mspd eyt T7Hrs i F3go] S7181%
o, LILSX®| 79 A4 Fa=fo] 71 wWokth. LILSXQ] Lit o] $e-5 WsAA 7h A4 25 54 47}
Li/Al H]7} 0.65 o]°3d o], 24 F27o] 543 S7FsISIT) Li' o2 A&l E Alg W] supercage(site 111, 111')
off X o, A FAH ] S Stk LILSX Al&Elo|Eof Ca?* o] &2 o] 2w kA7) Ay} i F& AJ50)
o FE =T, Ca/AlY] H]7F 026 o] AlA 2 Aso] 71 9kt LiCaLSX(Ca/Al=0.26) Al&glo] B 713E9]
748 NaX AlegfolERrt A4 F2 Aol itk

Abstract — The synthesis and the characterization of Low Silica X (LSX) zeolite for nitrogen adsorption have been
studied. The performance of LSX zeolite for nitrogen adsorption was compared to that of the commercial zeolite. The
Na,O/(Na,0+K,0) ratio in the gel and the crystallization time were fixed as the synthetic factor. The LSX zeolite was
formed at the Na,O/(Na,O+K,0) ratio of 0.75. The formation of LSX zeolite was confirmed by XRD and SEM. The Si/
Al ratio was investigated by using XRF and FT-IR. The synthesized LSX zeolite showed a lower Si/Al ratio than the
NaY and NaX zeolites although they have a same faujasite structure. The Si/Al ratio of the LSX zeolite converged close
to 1. 1A (Li, Na, K) and 2A (Mg, Ca, Ba) group elements were ion-exchanged to the LSX zeolite. As the charge density
of cation rises, the amount of nitrogen adsorbed increased. Li* ion-exchanged LSX zeolite showed the highest nitrogen
adsorption weight. When the Li/Al ratio was over 0.65, nitrogen adsorption increased remarkably. Li" ions located on
the supercage (site III, TIT") in the L.SX zeolite played a role as nitrogen adsorption sites. When the Ca®" ions were added
to the LiLSX zeolite by ion-exchange method, the performance for nitrogen adsorption increased more. The perfor-
mance for the nitrogen adsorption was the highest at the Ca/Al ratio of 0.26. Nitrogen adsorption capacity of LiCaLSX
(Ca/Al=0.26) zeolite was superior to the commercial NaX zeolite.
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Solutien 1
50% NaOH solution + AI(OH),

Solution 2
KOH + 50% NaOH solution + deionized distilled water

I Solutien 3 l

|

Solution 4
Sodium silicate + deionized distilled water

l

| Gel (aging at room temperature) |

l

I Hydrothermal reaction —I

]

‘ Washing, drying (100°C) |
l Ton exchange —I

Fig. 1. Schematic diagram for the synthesis of LSX zeolites.

Table 1. Ion-exchange conditions

Saltused  Concentration (M) Temperature (°C) No. Repetitions
LiCl 1.0~2.2 100 1~5
NaCl 1.0 100 3
KCl 1.0 100 3
Mg(NO5), 0.1 100 3
CaCl, 0.1~1.0 100 1~3
BaCl, 0.5 100 3

S8k Al &elo]Eol 1A(Li, Na, K), 2A(Mg, Ca, Ba) = 90|
55 77} o] &gk AZL) o)L gt okS Husto g HeY)
913te] Table 10 YERd WO R 7} ol 55 o] gk AIZlth
[12-13]. 2 8}o]l LSX Al&2fo]Eo] LAl H] U Ca/Al BIS W3}
AlA 74 o] & A Z L.

2-2. LSX HIS2I0|EQ| §Y &M

A&t ES] A 325 18] H8l XA 34 4171 (XRD,
Rigaku, CuKa, Ni filter/30 kV, 20 mA)E- ©]- &35t} A} AAF &
w7 (SEM, JSM 840-A Model, 25 kV)& E3) Al&glolE2] A%
Rk} 9715 RIS XA 833 741 7](XRF, Philips/PW 1480)
= Za A2l E 9] AHHE(K,0, Na,0, Ca0, Si0,, ALO,)S
9] kS =431 1, Si/Al HIE &<1EItE FTIR(Bomem PA
8.12, 50~25,000 cm™)& o]t Al &) ES] Si/Al HIE 34
o7 glsh=td] AREsISIth

Ak T2 e HAEE 457 357 %X (thermogravimetric
analysis, DuPont 9900 TGA)E ©]-&3}3it}. AlZof S&wo] Q=
TS AAS] YalA 400 °CollA 1A17E FRE 6-8 mU/min
9] H42(99.999%)% WEel FeFUrh. ololA] Aol Aast
ol FAEA 95 w7k 50 mmin®] FEFOE AAE &
FouTh A7t F2E ALl EE 10°C/ming] S Hi
850 °C7HA] S2AA 71 E&E = 42 988 micro-balanceE
olg8t] ST Ake FH0) A9 Abel g PO 5
Wsiict.
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Fig. 2. X-ray diffraction patterns for the synthesized zeolites with an
increase in the Na,O/(Na,O+K,0) ratio: (a) 0.30 (b) 0.75 (c) 0.90
(d) 1.00.
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Fig. 3. SEM photographs of LSX and zeolite A.
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Fig. 4. FT-IR spectra of the zeolites. All the samples were pretreated
in N, flow at 400 °C for 1 h. (a) NaY (b) NaX (c¢) LSX.
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increase in the Li/Al ratio.
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