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Synthesis of Low Silicon Aluminum Ratio X Molecular Sieve from Potassium Feldspar
and Its Ion Exchange Property

HAN Zhiyuan, GOU Minglei, CHEN Ziwan, DUAN Yonghua, LIU Zhen
(School of Chemistry and Chemical Engineering, Henan University of Science and Technology, Luoyang 471023, Henan, China)

Abstract: Low silicon aluminum ratio X molecular sieve (LSX) modified by lithium is widely used in the field of pressure swing
adsorption (PSA) due to its high N, adsorption capacity and nitrogen-to-oxygen separation ratio. However, the price of raw materials
for the LSX synthesis increases, resulting in a higher production cost. Potassium feldspar (i.e., KAISi;Og) is rich in aluminum oxide
and silicon oxide, and potassium can also be used as a structural guide agent for LSX as an ideal raw material that can greatly reduce
the production cost for the LSX synthesis. LSX was synthesized by using seed crystal as a guiding agent with a potassium feldspar
from Songxian, China as a raw material, which was firstly calcined and activated at a high temperature. The effects of silicon
aluminum ratio (n(SiO,/N(AL,0;)), alkali silicon ratio (n(Na,0+K,0)/n(Si0,), water alkali ratio (n(H,O)/n(Na,0+K,0)), amount of
seed guide agent (wspa), crystallization temperature (T,), and crystallization time (t.,) on the structure and properties of samples
were investigated. The results show that when n(SiO,)/n(Al,0;)=2.1-2.2, n(Na,0+K,0)/n(Si0,)=2.0-2.2, n(H,0)/n(Na,0+K,0)=
35-40, wspa=3%—5%, Tey=90-100 C, t,,=10-14 h, the obtained LSX molecular sieve has a high crystallinity, and a uniform
morphology, and the exchange degree of Li" can reach 98.7%, which obtain the properties for nitrogen and oxygen adsorption
separation in industry.

Keywords: potassium feldspar; high temperature activation; seed guide agent; low silicon aluminum ratio zeolite; ion exchange
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40mL B F/K, 7E 80 CHIFFAM 4 h, 1TyE;
B 10 mL S8 THETE R, I 10 W FE 2R 2048 7R 71,
WA, WAL EAR R M, H HC bR,
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1.3 RIEFE

i H A RigakuD/max-2200PC % X SR AT 5%
(XRD)J 52 T FE S IVIM 450, Cu E, K, 948
(4=0.154 1 nm), FHTERH 20=5°~90°, FFiR4E 20=
6.0°~6.3°, 15.3°~15.6°, 23.1°~23.4°, 26.5°~26.8°
FT30.8°~3 1. 1° (A AIE AT 5 U (14 W TR AR T SR o 1Y)
FHXT 25 SR FE(RC%); FH3EE PE-STA8000 ZY#4 3 #fr
U(TG-DSC)X#f K A G A I FEEAT T #4904 H
FlexSEM1000 A 454 fi ¥ 2. 53 (SEM) XA i R T
SATHE T 0T P Autosorb-1 Z 4RI BRHACHHRE
HIFLIE M BEAT T 08T H H A IRTracer-100 %4 {#
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(ICP)E T Li' I3 et e

2 HRE5®

2.1 #KAEK

PRA RS WTRE, FEMNEWHIE iR
A BRI L5, H BT LSX 20 T 2546 S 1 741
PR T4 3 RN & 551, [RIEA S LA NaCO;
NG, B T H(Ma,co/Micaisiog) 1 PR
FE (Tace) s B T (tee) R 45 K7 W0 AR G5 R P 52 T
ANE A N A TEARE A ) XRD 1S A0 1 s .

Bl 1a NAFEBEET H (Ma,co,/Miasio,) T AT
TWALKE T XRD 1o 24 My co/Miaisio=1.2~1.5,
£ 850 CHEthe 3h, KA IRFIEAT S e 20T 2k,
fH SiO, ¥ i e Bl & A bb (0 34 nifg 384 m, 4
MNa,co/Mialsi,o, = 1.4 B, SiO, JL-F- A4 H
T R BIE B 95%A1 96%, R M B AT K A7 i
EEIBEA EE N 1.40 B 10 A FETE AR (Tae)
BKCA AR ) XRD B, 24 T,.= 780 CHf, 2

(@) Toaer=850 C,ty=3 h

(6) My, co, / Myaisio, =14, =3 h

(c) mNaZCO]/mkAlsipx =14, T=850 C

taet 1S active time. T, is active temperature.
1 AEZAM REACH AR 1 XRD HE

Fig. 1 XRD patterns of activated potassium feldspar samples
under different conditions

KA PRFAEAT SR 2 A0 R, B AT AN 78 4
2 Toe = 800~900 CH, A A [RFAERT ST 16 4350
T2, (B R FEEALIRE T SiOy IR, 4 Toy =
850 CH, SiO, ¥ H HILF] 95.0%F1 96.8%, ZiT
HG S E, R U K TS AL 850 C .
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W, SiO, I HRIEF] 95.0%A1 96.3%, UL L
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TRIRAN 5 P A TR A FF 5 (Myayco/Mi aisio =1 .4) AT
T # M, H TG-DSC #iZean & 2 s KT 160 C
(1 )5 B AR SR R ESOK, ERKRER
1.1%, 7£ DSC HiZk FXFRNE 90 C Rk #AilE; 600~
950 °C [A] i o7 E 451 2 b R BN 7 A R T — SR A Bl
H), RN 21.2%, MW FEE DSC #hk
HHL 2 AN, 800 C AL AT R BRI AR RN 73
RGBT, 850 °C Zi A IR FAEE R K i AR AR
R, T DA M, EmRAMER T, KA
16 850 CLAAH UM KA, SEHMPEIR, x5
XRD fill kst R —2.

K2 #KA 5 Na,COs IR AR R TG-DSC ik
Fig. 2 TG-DSC curves of potassium feldspar and Na,CO;
mixed system
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DUVE A G R A 9 JEURE, D f 2 R B A &
AN, FEIN SRR T R, SRR A R LSX
ST, % T n(Si0y)/n(ALOs) . n(Na,0+K,0)/
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R X o T s A AR RE B2, AR RA AR T
FEA T XRD 301 F 3 FioR
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N(ALOR) IS N, A 73 I U RFAE AT S I8 M 55 »
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=2.1 i, B BATEIIEE) N LSX 410 R ik g
(JCPDS 89-0769), n(Si0,)/n(ALL,03)=2.2 i i iIAH
XA RO, UL B n(Si02)/n(ALOs)H T
LSX 7> T (6 B ARSI A 430 4% 1
WL, (E kS48 n(Si0,)/N(ALO,) 215 I3 X 43T
i, FTLLE R LSX 43 Fiffi&E E n(SiO,)/n(ALOs)
N 2.1~22.

Bl 3b 2 Rk LU 43 1R A i 0 AH 25 44 1)
. 24 n(Na,O+K,0)/ n(Si0,)<2.2 i, FESH AT
SRS LSX 43 i R AE T 5 I (PDF 89-0769),
HBE#E n(Nay,0+K,0)/n(Si0,) F&A%, LSX 4> T i
AH X 45 5 B AT 3R R (RC=82.6% 1 94.4%); 4
n(Na,0+K,0)/n(Si0,)=2.3 if, LSX 4>Ffifi IAIxF
g B SOITURBE N, X2 RN BR RS 138 KA R T aE
(AR, (HFEST) XRD EHHIILT A 2T
FRERT I,  FLEEE n(Na,O+K,0)/n(Si0,) A,
A FTIRIRSRZE, Ui n(Na,0+K,0)/n(SiO,)
BIERT A SFIRRER, AR LSX 441
T 38 B n(Na,O+K,0)/n(Si0,) N 2.0~2.2,

Bl 3c HE T KPR LR 43 07 R S A AH 25 14 1)
S, 24 n(H,0)/n(Na,O+K,0)<<30 I, AH AL S )
XRD @ HIL T A ST IRIRHEATS I, BB
A A S FIRFZEE I 2 n(H0)/n(Na,0+K,0)
=35 I, FrAFEMIATHIIER A LSX 4 F i i4r
HERTHHIE(JCPDS 89-0769), 4 n(H,0)/n(Na,0+K,0)
=40 i, LSX 43 i AH X 45 i BE 5 =1 (RC% = 100%))
5 BEE n(H,0)/n(Na,O+K,0) 4k 4E 1 11, LSX 431
I PR AR &5 i B R, 1 IR I AR AN R T KA
T VIR AR AN 31015 (1) d AL, BT LA B LSX 43
T HIE B n(H,0)/n(Na,0+K,0) 4 35~45,

Bl 3d 5 7 FRFIHEX LSX 2 Fiiidni s
FAITRTS I o 2 N R0 At ot 5 1 )N, A5t 32 20 LSX
ST IRRHERT 0, HFRN B EH DR A 5T
TR IERT ST s 2 Wepa=3%~10%IF, i A
EH LSX 4 T A EAT 4T UE(JCPDS 89-0769),
ToAedm I, BB RS A BT LSX 2 i
TR, FEREMMHI A & BEE T MR HE RSN, LSX
I F-Im AR 25 5 BE R AR FRAIS, IR KR mi5flm
NBZ , A% Z , AFF LSX 7 T d i oK,
Wb A S I B R N iE < s A R ER b, B
PAE R LSX 43 - 13&E B Wspa N 3%~5%.

K 3e %52 7 AR EERXT LSX 2 FImaAn 45 4
MIR2m . 24 Tey=80~110 CIF, FTAFES 17 5ig
#H LSX 3 F I MIREIEAT S 16 (JCPDS 89-0769),
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HEEE RN T, LSX 7T AR 25 5 BEE T A B LSX 40 T & B Tey A4 90~100 Co
BE Ky (H Tey=110 ‘CIY, LSX 731§ RIHI X 25 & Bl 3F 52T AL RN LSX 73 F AR5 R 1)
FETFAR AR, VEUNR L @] VSR Fr B0, 4 t,=10~14 h I, A FE S AT SIS

(a) n(Na,0+K,0)/ n(Si02)=2.0, n(H,0)/n(Na,0+K,0)=35, (b) n(Si0,)/ n(Al,03)=2.2, n(H,0)/n(Na,0+K,0)=35,
Wspa=5%, Ter=100 C, tey=14 h Wspa=5%, Tery=100 C, tey=14 h
(¢) N(Na;0+K,0)/ n(Si02)=2.2, N(Si02)/ N(Al,03)=2.2, (d) n(Na,0+K,0)/ n(Si02)=2.1, n(SiO2)/ n(ALO3)=2.2,
Wspa=5%, Te=100 C, tey=14 h n(H>0)/n(Na,0+K,0)=40, Tr,=100 C, ty=14 h
(e) n(Na,0+K,0)/ n(Si0,)=2.1, n(Si0,)/ n(ALO3)=2.2, () N(Na,0+K,0)/ n(Si02)=2.1, n(Si0,)/ n(Al,03)=2.2,
N(H20)/N(Na;0+K20)=40, W spa=5%, toy=14 h n(H,0)/n(Na;0+K20)=40, W spa=5%, Tery=100 C

tery and Tery are crystallization time and temperature, respectively.

B3 AR BT i % 207 A i (K] XRD 1

Fig. 3 XRD patterns of molecular sieve samples under different conditions
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LSX ¥ FIRFIERT 4316 (JCPDS 89-0769), HAHXS
gh TR A TR 3N 3E K 4 te, =24 h,
FEMBIATET IR I T A 2 IR AEAT S8, 3
B AL T 24l LSX 20 T 1 A 4> Tk
fns PITRAE B LSX 70 T B tery N 10~14 ho
23 LSX #FifHEFaciktae

WA K A DB R B (m(Nap,CO5)/m(KALSi; Og)=
1.4)7E 850 ‘CHthke 3h 5EATEAb 5, BFEE Bt K (200
ENIENE R LSX 2 Fiim R, #himn— & &
BRMAMESA L, 75 n(Si0y)/n(ALL03)=2.2
n(Na,0+K,0)/ Si0,)=2.1. n(H,0)/ n(Na,O+K,0)=40.0.
Wspa=5%-+ Tey=100 C. tey=14 h Z&FF AR T
LSX &, M. B [ RAE &5 B4
Kl 4 s,

ME 4a WTUUE Y, BTEATHTIESS N LSX 731
i (AL AT 55 18 (JCPDS 89-0769), 17 i 14 50 JiF %t

2o Lk

E Be

(a) XRD pattern

(c) N, adsorption-desorption isotherm

w, HER P, LSX 2 70 i 5 a =
24.993 nm, n(Si0,)/ N(AL,05)=2.08, & kiEAREL X
STIRHIESRE, K 4b ATUAE L, AR
e, Wk 5~8um, AT, B d4ch
LSX 43T ) N W Bt B 20 28, I B bk
TR R R T A (Sper) B LRI (Viow) s T
FLEE R TR (Smicro) s LAV micro) FA L THI AR
(Sexter)s WHEEERWE 1 Fron. LSX 7T Ny i
Bt B i 2 oy SR T AR P AR 2R, B T 2 LM
BE, AL R AL S 467.8 m* g . LSX 40 T
FT-IR J&in & 4d fios. 3 489.23 cm™' iy OH ffh
BARB I, 1 637.56 cm™' Jy OH 1925 4R Zh 1
el s 981.77 e Ay X 43T 0 242 10 S K ok Ak Ao 4
RENRIIE, 669.30 cm ™' g X 43T 07 B 2R IR X PR 1
ARSI, 563.21 cm™ RN TCH IR S
g, 462.92 cm™ N Si—O—Al 8175 R 5h R Uk

(b) SEM image

(d) FT-IR diagram

K4 LSX 7 T4k TR REHIRAL

Fig. 4 Structure, morphology and functional group characterization of LSX sample

Fz1 LSX S FimREstE R
Table 1 Structural properties of LSX samle

Sper/(m-g™) Smicro /(g ")

Sexter (Mg ")

Viotal /(cm3 : g’l) Vimicro /(cm3 ’ gil)

467.8 437.8

30.0

0.19 0.17
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. MR FT-IR Ygitr Si—O 1 Al—O i e 4%
RAWEMIM AR, THHEH LSX /T H n(SiO,)/
n(ALOs) N 2.11, X5 XRD il &4 R —5P, K5
JEANA ZAF T LSX 43 Fiiioht Li 38 4k BB 1 52 1

P Sa & LiCl 3 BE X LSX 43 0 Li 28 e & 54
24 LiCl K FELE 0.1~0.5mol/L I}, BRAZHEFEE
P B R K 24 LiCl K e It 0.4 mol/L Ji5
FLRAS BBk F) 2.87 mmol/g, T REE, M
LSX 43T ifiid B HEAT Li S #e ik 4 0.4 mol/L.

Pl Sb A8 b )3 LSX 4319 Li' 22 e & 50
L™ B Y A2 #6845 B T PR 38 0 it 186, 8 8 [1)
WINE 2 h 5, Li RS ek F] 2.83 mmol/g /£

(a) Influence of LiCl concentration on Li" exchange

capacity (90 C, 2 h, once)

(c) Influence of exchange temperature on Li* exchange

capacity (0.4 mol/L, 2 h, once)

F, HARFEAAE, BB LSX 4 FifiiE ek T Lit
LHPIES RN 2 he B Sc J& A il X LSX 431
% Li B s, 80~110 'CH, i
KIg#aTFEa, 78 90 C LiascEfaTrae
(2.83 mmol/g), iBH LSX 4 Ffifiid B AT Li a8 #ie
PIIRFE 90 Co &l 5d ZAZH IRHU LSX 731 i
Li' s e w5, a5 S H R B3 m, Lit s
RIBRHH K, M BIREOEE 4 KA, Li e
A B K (5.50 mmol/g), LA LSX 407 Li' 52
BN 98.7%, IEE] T Tl &AW 4 25 BT i 1
S LIS HE KT 96%), LIS H 4 k& LSX
4 F IR IE BT LiT s Wi R OE

(b) Influence of exchanges time on Li" exchange
capacity (0.4 mol/L, 90 C, once)

(d) Influence of times of exchanges on Li" exchange
capacity (0.4 mol/L, 90 °C, 2 h)

Bl 5 AREIZMEET LSX 4F i LS #eps

Fig. 5 Li"exchange degree of LSX molecular sieve under different conditions

3 £

PABRER BN J9is A7, BB L (Mayco/Mkatsi;o)
1.4, 850 CHxkk 3h, BIADREHRK A E4051L, —5
RRERIAE R IAF] 95.0%. LLIS LG AR KA N R
El, £ n(Si0,)/n(AL03)=2.1~2.2. n(Na,0+K,0)/

n(Si0,)=2.0~2.2. n(H,0)/n(Na,0+K,0)=35~45
Wspa =3%~5%+ Tey=90~100 C+ tey=10~14 h %k
PR, Bré U LSX 4t 4h b iy, FOR R /Iy
N 5~8um, LiKZ#HmH 5.50mmol/g, KL
BeBEN 98.7%, IEF] T Tk FaUA TP 43 25 i 75 1
FER(LI e E KT 96%).
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