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Fig.1 The flow chart of zeolite 13X by

hydrothermal synthesis
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Fig. 2 XRD figure of zeolite at different reaction times

24NaOH+12NaAlO, +

18Na,SiO; +9H,0—

3Nay 5 [ (AL SIO)Ou 0, ] » 7TH, O+

13X Al A1)

Na, (AISiO, ) +30. 24Na, O

A 13X A A B4R n(Si/AD L2 2.

b. 1.5~3 h B, B & &N B #AT . R R
B2 WA 38 B BE SR IR AR B B B R IR SiL OF:
BT AP )RR L AT B IE. 3 h B9 XRD
Eign] &2, A 13X ¥4 (1) Na, [Al,Si;
Ow.s] » 7TH,O (PDF12 —0228) 1 13X ® ¥ FH
(M) Nag, o5 Al;Sis s Oy165 » 8H, O (PDF38 —0240)
B 5 IE 0 AR R, 3T £ BE G il B 45 A R ER Nayg,
Al,Si, 4Oy s (PDF48—0731) ¥ A4 Ji, , HoAH 2B M
K.

3Na o[ (AL SOy 4 ] » TH,O+

BX&EPACT)
Nag (AlSiO, )s—>
Na,[Al,Sis ;O ]+ 7TH, O+
13X Zls A (I
Nay o5 Al; Siy 5O 6« 8H, O+
13X Zl s A (1D
Nay g Al; Sty 5506 5
2. 81Na,0+8. 02Si0, +3A1,0, +6H,0
(ERRET R R A )

MEF 13X A B A n(Si/AD HLFE 1. 65~
1.9 ZJa].

c. 3~6 h R NI B, 1R AR AR Ak 2 #b
FEFERRDPETFEE T, H%E 6 h i, A XRD
B E A RSP O RN 13X B3 A (V)

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

34 R TR KEEHR

KT

Na, Al,Si, O, » 6. 2H,O (PDF38—0237) , HAHAS
B K
Na,[Al,Si; ; O.¢ ] * 7TH, O+
13X #hA D
Nay o5 Al; Sty 5Oy 65 * SH, O+
13X #h A (D
Nay g Al Sip g5 Oy 5=
2Na, Al Si, s Oy + 6. 2H, O+
13X B A (V)
0. 95Na, O+4. 98Si0, +Al, 0, +2. 6H,O
(A FZ MBS H

IET 13X &l A5 2 n(Si/AD o 1. 25.

d. 6~8 h MR IREF, B FHRRAPEREN
Na" 5 13X Bl A1E R G, — 3B - M 48 7F I i
ZRgER P E B R I RS L O IR S K. T
8h i XRD EI{Em F i, AR P A 13X &l A
CIDF 13X B8 A CITD W 49 40 A7 7 » I 1 B AH B2
B #) Nag AlsSi; Oy (OH), (H,0), (PDF76 —
1639) , HAHZE R R =000

6Na, Al,Si, s Oy » 2H,040. 03Na, O—

13X B A (V)

Na,[AlSis ;O] + 7TH, O+

13X #@ A D

Nay, o5 Al; Siy 5O 6« SH, O+

13X # @A (1D

Nag Al; Sig O, (OH), (H,0), +

Al O, +1. 9S8i0,+19. 2H,0

(R Z P REES A5

BEEE 13X B B 48 n(Si/AD L4k 1. 65
~1.9.

e. 8~12 h R M, B 48 dr i R 4k s i
BB EESS kS K. M 12 h ) XRD &
WERAUES YRS T BX B A )
13X # kA (D) B 4% 1 e, 3F £ B Na g
Al Si, g5 Og. s (PDF48 — 0731) ) 7= 4 , #H 2F & K7
K.

Na,[Al,Si; ; O.¢ ] * 7TH, O+

13X #hA D
Nay o5 Al; Sty 5Oy 65 * SH, O+
13X #h A (D
Nag Al Sig O, (OH), (H,0), +
Al O, +9. 58810, +18H,0—

4Na; o [(ALSL)Oy 4] * 7TH, O+
BX&EPACT)
Nay, os Al Siz sO1y 65 * 8H, O+
13X #h A (D

Na, g0 Al Siy g5 Og 65 0. 4Na, O

LB 18X A A B 2R 2 (SI/AD L4
1.9~2.

H1 bR % BT A0, 13X B 9 A B9 B B AE IR W
W46 B BOsk € 8 1R, B8 2 IR R A [E) 9 380 , HR R
[F] 13X #4h F AH B 5% A8 5 72, i 78 N B UE) A
6 h B, AT A 13X Rk /5 fe 4, O B A 13X 7
WA (V) Na,Al,Si, s O, + 6. 2H,O (PDF38 —
0237), [l it s & B SL I B 4 B 2R P RE R R T
n(Si/AD /. F 1 3 T R [F BN B EL R & 8K
V1 8 A P 00 M 2 R B W B AR R I RE AR R T L,
W 13X B A Y S Ak R R B AR P R4
JERF LA B A& 1E 1 o A2

R 1 FFER G E SR8
ARREAEBRPNESETIL
Table 1 Phase composition of samples and 7n(Si/Al)

ratio in zeolite skeletonat different reaction times

WS FSATE/h Yy A4 R n(Si/AD
. L5 BX AP ACLI+
' BRI
X B ACID+
2 3 DBXBA®HAE() + 1.65~1.9
Fonsm ke Eh
3 6 I3X A (V) 1.25
I3X ®kA D+
4 8 X WA+ 1.65~1.9
BRI
BX AP ACLI+
5 12 13X B A (MDD + 1.9~2
Fonsm ke Eh
2.1.2 E#MBHROGBELEIE B 3 AAFR

ML [R] T & B RE S B9 SEM R J, W B A TR
RLI R 7 Y e e 4 B A B B i B AL, X7 —
2B b U B FE SO AT 13X AL ARG B St
eI

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

%128

WL KA L 13X B A B R AR kL5 35

B3 FAEAREREMNSREREN SEMEBE

Fig.3 SEM photos of synthetic products at different reaction times
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Fig. 7 Phase transition process of zeolite 13X
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Phase transformation mechanism of Zeolite 13X synthesized
by hydrothermal method

HUANG Zhi-liang' , SHI Yue' , LU Mian' , LI Wei', ZHAN Gang', CHEN Qiao-qiao',
YANG Xiu', CHI Ru-an’
(1. School of Material Science and Engineering, Wuhan Institute of Technology, Wuhan 430074, China;
2. School of Chemical Engineering, Wuhan Institute of Technology, Wuhan 430074, China)

Abstract; Hydrothermal method was employed to synthesize zeolite 13X with sodium metaaluminate,
using sodium metasilicate nonahydrate, sodium hydroxide and distilled water as raw materials. In order
to detailedly explore the phase transformation mechanism of zeolite 13X, the analysis of the synthesized
samples’ phase transitions, microscopic morphology evolution and group structure evolution was
carried out by the characterization of x-ray diffraction (XRD), scanning electron microscope (SEM),
fourier transform infrared spectroscopy (FT-IR) and raman spectroscopy . The results indicate that the
silica (or alumina) tetrahedron skeleton of zeolite 13X has formed in the initial reaction stage. The
crystallization process in fact is a phase transition process between various types of zeolite 13X,
corresponding to a sequentially correction on the mole ratio of silicon and aluminum atom (n(Si/Al)) in
zeolite skeleton. With the extension of time, n(Si/Al) decreased first, and then increased, representing
a phase transformation process from positive phase transformation to inverse phase transformation. The
total transformation process is shown as follows: zeolite 13X (T ) (Na; 4 [ (ALSL,) Oy ]« 7TH,O)—>
zeolite 13X ([1) (Na,[Al;Si; 06 ] * 7TH,O) 4 zeolite 13X () (Nay o6 Al Sis s Oy 65 * 8H, Q) —zeolite
13X(IV) (NazAl;Si; 50, « 6. 2H, O)—>zeolite 13X (I ) + zeolite 13X ([l ) —>zeolite 13X (T ) + zeolite
13X,

Key words: hydrothermal method; zeolite 13X; phase evelution; positive phase transformation; inverse

phase transformation
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