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Abstract: The core-shell molecular sieves comprised of SAPO-34 as core and AIPO-18 as shell were hydrothermally synthesized and char-
acterized by X-ray diffraction, scanning electron microscopy (SEM), and ultra-high resolution field-emission scanning electron microscopy
(FE-SEM) techniques. The SEM results show that the growth of the shell AIPO-18 nanocrystals with different orientations and compactness
can be controlled by adjustment of the synthesis conditions such as core pretreatment, liquid to solid ratio, and growth number. The ul-
tra-high resolution FE-SEM images confirm that the growth performance of the shell AIPO-18 is closely related to the surface microstructure
of SAPO-34, indicating the mechanism that the microstructure on the external surface of the core directs the growth of the shell.
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Table 1 Effect of synthetic conditions on the shell growth of the
core-shell SAPO-34/AIPO-18 molecular sieves

Pretreatment Liquid/  Crystallization

) ) Growth b
Sample degree®  solid ratio Product
T/°C t/h  number
(%) (9/9)
A 0 64 150 20 1 vertical
B 0 32 150 20 1 vertical
C 0 16 150 20 1 vertical
D 0 64 150  36/48 1 vertical
E 0 32 150 20 2 parallel
F 15 32 150 20 1 hybrid

¥The mass loss of SAPO-34 after pretreatment.
The growth direction of the shell AIPO-18 relative to the external
surface of the core SAPO-34.

AIPO-18 Fffib i, X FJE i T-5¢ /= AIPO-18 & &
AR, H I B 9 AT 5 W (9 4L B 5 SAPO-34 21T
(9.5°), W& A B & Ar — . R, k% o Y
SAPO-34/AIPO-18 43 - i 71 0.1 mol/L 24 7K %5 ¥
AL BE 1.5 h, FEE TR A B AT BN VR 5T 2, HE
L€ R AED 45 8 1) XRD ik i (18 1(5)).
B 795 2, P 4 0 % 5 2L 4y R b R A
SAPO-34 7y 1Tt 5 41 1 22 J5 AR T S B8 DR K 58 4F (I
3), Ui W] SAPO-34 {1 A ST ik #% 1) 52 = hh A K &R
BB B8 A7 AT

1 Bz UL SAPO-34 Jy i AH, W[ LGk 64 1,
SAPO-34 fi (A [ #h R T ARG H H AT B PR T e
Ere)zE (UL 3(a) A1 (b), KEdh A), & X0+ 78
(vertical). b3k 7¢ )2 R & B Q8K R G AR 7 2
FAZAH S PR R THT (9 7 7] AT P i 5 s kA A KT

[£4

B3 ARSI SEM B

«10 * Impurity
Q
_}k;&_; ) 4)
©

Intensity

20(°)

1 FRE# A XRD &
Fig. 1. XRD patterns of SAPO-34 (1), AIPO-18 (2), SAPO-34 with
pretreatment degree of 15% (3), sample F (4), and nano-shell portion
obtained from sample F by ultrasonic treatment (5).

2 SAPO-34 #1 AIPO-18 # 5 #9 SEM BB &
Fig. 2. SEM images of SAPO-34 (a) and AIPO-18 (b).

%, HRASFZ5% 500 x 250 x (10~30) nm, 5 AIPO-18
gk il (B 2(b)) 1 TEFAN R AHALL.

i H] EDS BEHEAOM FE e A TR 3R 117G 25 2H ek
TT 00, &BnTE 4 wJUESR, +FREE T
Si & BARAR, 17 P AT AL PR A 50 8w T YA
L DA, W] B e SR AR A e AIPO-18 1T AN 2

Fig. 3. SEM images of various samples. (a, b) A; (c) B; (d) C with vertical core-shell composites; (e, f) E with parallel core-shell composite; (g, h) F

with hybrid core-shell composite.
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Fig. 4. Elemental maps and EDS spectrum of sample A. In element maps, the concentration of each element is in proportion to the surface bright-

ness of the crystal.
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X} SAPO-34/AIPO-18 43 F i HE AT — X JEi A 2k
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JZE AT R, AR JLUL AR 1 DY AN B2 30 1F 5 T8 11 X 3,
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4 SAPO-34 [ 71 B ¥ 0 1 3E AT Ak BE 5
VERZAR 4> 10, A3 AL F 1582 AR I A KL
32 (LI 3(g) AT (h)). SAPO-34 f 1A 1) k%
T[] B A2 K - AR DY £ A 5 (o O TR A A,
hybrid), 1 A% AH 1F Ak 28 w] 7 R0 DX I ) BR
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Koo AR N ) FER B 25 3 () 5) o, WA B A% 52
SAPO-34/AIPO-18 7> T i R I A T B i &, H A4
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t-plot M fLAAF A 0.27 em®/g. &% Enl e, + 7 7Y
FIPU f 2 AIPO-18 52 J24 I A KX SAPO-34 1% A 1)
AT AL I I ks %€, B AIPO-18 Fil SAPO-34
3 - 978 ) 1) FLE IS 12 A2 AH T 3% 42 i 7).

MR A A A 4y T IR AE 0.1 mol/L & K ¥ i
B IR 75 AL RS, 2 5 B S B A, i DY
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Fig. 5. N, adsorption isotherm of sample F.

BRI HE R U, 5 E X IRAERK G R —3,
YU B - TR PY 5 2 R AR e vE A W 2 e
X ] g 5 AR E A K AIPO-18 55 A% A1 & T 1 42 A
U K.
2.2 1%7=E SAPO-34/AIPO-18 A FlEHIE R A
I

J R 5T 5% B SAPO-34/AIPO-18 4y 1 fifi 7% J2
(A K HL B, A TR O w4 HF FE-SEM X
SAPO-34 HI Tl kb P1 J5 () SAPO-34 i 44 41 2 T ) %k
O g5 AT T WS, A R ox T 6. I LLE
SAPO-34 [ A AR T 1T 40 45 K AN Y S) . T
(1)1 57 8 D 3L A B 6 T ) P R AR SO %R, i DY A
JE DSRS0l g (L 6(a)). il i 6 A ] X 35
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El 6 SAPO-34 #@INTAAIBIZE 15% Y SAPO-34 R AIBE S ¥ FE-SEM BE
Fig. 6. Ultra-high resolution FE-SEM images of SAPO-34 (a) and SAPO-34 with pretreatment degree of 15% (b).
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AEI Y, B b &R, AR XS eI 2 A HE
b AE- TR AIPO-18 4 4 fE 1 B T SAPO-34
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JL A SR ] ) (807 T6 BR 22 0] 23 % s it 1 DY o6 BR
(W& 8(a)). 7F VY ff A rh, AIPO-18 fit #4711 4T T
SAPO-34 i 1) 77 1n) b A=K, P9 3 [l A J i DY oG B
AHH &R (WK 8(b)).

CHA AEI z

B 7 SAPO-34 1 AIPO-18 # FiF Rk E R EE
Fig. 7. Structure of SAPO-34 and AIPO-18. In CHA structure, the
D6R possesses the same orientation along the X, y, and z axes. In AEI
structure, the D6R alternates orientation along the z axis but has the
same orientation along the x and y axes.
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8 1455 A SAPO-34/AIPO-18 £ F i 4 K RE L 18 E
Fig. 8. Structure models of core-shell SAPO-34/AIPO-18 molecular
sieves. (a) Vertical growth; (b) Parallel growth.

3 it

TW A S 4 A, SR K G AT LG il
DU S I R IR A A% e SAPO-34/AIPO-18 43 T
fifi. 8 2> P FE-SEM 7R, #% A1l SAPO-34 i 4~k
F M AN 25 K 6 58 )2 AIPO-18 43 T 2B K i T3
HAREENGEFIEM. A 57 05 00 1Ak 21y 38 i
SRR RE B2, Jh R 5e |20y TR S % L. b
W, BB %A SAPO-34 43 17 413 11 (R 1 40 45 44
Al AES T A i AR TE S AIPO-18 72 )2, 3.
AR 3 — 2 RAE 5 58 4 (W % 76 4 1 5 (9 1R k45,
JEH T MTO N Hr, i 5T SAPO-34 4 i 42 1
i P R LA A0 B 114 5

2 % x &

1 de Vos Burchart E, Jansen J C, van Bekkum H. Zeolites,
1989, 9: 432

2 Van Vu D, Miyamoto M, Nishiyama N, Egashira Y,
Ueyama K. J Catal, 2006, 243: 389

3 Van Vu D, Miyamoto M, Nishiyama N, Ichikawa S,
Egashira Y, Ueyama K. Microporous Mesoporous Mater,
2008, 115: 106

4 Goossens A M, Wouters B H, Buschmann V, Martens J A.
Adv Mater, 1999, 11: 561

5 Goossens A M, Wouters B H, Grobet P J, Buschmann V,
Fiermans L, Martens J A. Eur J Inorg Chem, 2001: 1167

6 Brent R, Stevens S M, Terasaki O, Anderson M W. Cryst
Growth Des, 2010, 10: 5182

7 Jeong H K, Krohn J, Sujaoti K, Tsapatsis M. J Am Chem
Soc, 2002, 124: 12966

8 Miyamoto M, Kamei T, Nishiyama N, Egashira Y, Ueyama
K. Adv Mater, 2005, 17: 1985

9 Bouizi Y, Rouleau L, Valtchev V P. Chem Mater, 2006, 18:

4959

10 Bouizi Y, Rouleau L, WValtchev V P. Microporous
Mesoporous Mater, 2006, 91: 70

11 Bouizi Y, Diaz |, Rouleau L, Valtchev V P. Adv Funct
Mater, 2005, 15: 1955

12 5k%, FT. LR (Zhang Zh, Zong B N. Chin J
Catal), 2003, 24: 856

13 ko, HHEX, W4, e, fEasaR (Zhang Q, Li
Ch, Shan H H, Yang Ch H. Chin J Catal), 2007, 28: 541

14 FLEE4, TEARgEL, MM, XUESL, 488K, ARBEA, 5 A
Mk, kiR (Kong D J, Tong W Y, Zheng J L, Liu Zh
Ch, Zou W, Qi X L, Fang D Y. Chemistry Online), 2008, 4:
249

15 Okubo T, Wakihara T, Plevert J, Nair S, Tsapatsis M,
Ogawa Y, Komiyama H, Yoshimura M, Davis M E. Angew
Chem, Int Ed, 2001, 40: 1069

16 Wakihara T, Yamakita S, lezumi K, Okubo T. J Am Chem
Soc, 2003, 125: 12388

17 Tian DY, Yan W F, Wang Zh X, Wang Y Y, Li Zh B, Yu J
H, Xu R R. Cryst Growth Des, 2009, 9: 1411

18 AP, ol xR, X)7TEE, EARAE. MR (L
Zh, Qi Y, Liu Zh M, Liu G Y, Chang F X. Chin J Catal),
2008, 29: 660

19 LiJZh,WeiY X, LiuGY,QiY,TianP, Li B,He YL, Liu
Zh M. Catal Today, 2011, 171: 221

20 LiangJ,LiHY, Zhao S Q, Guo W G, Wang R H, Ying M L.
Appl Catal, 1990, 64: 31

21 Liu GY, Tian P, Li J Zh, Zhang D Zh, Zhou F, Liu Zh M.
Microporous Mesoporous Mater, 2008, 111: 143

22 Wei Y X, LiJ Zh, Yuan C Y, Xu Sh T, Zhou Y, Chen J R,
Wang Q Y, Zhang Q, Liu Zh M. Chem Commun, 2012, 48:
3082

23 EAWZR, LA, LR, WEE. AR (Wang Y
D, Wang Ch M, Liu H X, Xie Z K. Chin J Catal), 2010, 31:
33

24 SERG, BN, Fe, REE, WEGE, B, £4
X, VidE, QPR AR (Yuan C Y, Wei Y X, Li J
Zh, Xu Sh T, Chen J R, Zhou Y, Wang Q Y, Xu L, Liu Zh
M. Chin J Catal), 2012, 33: 367

25 HuH,Ying WY, Fang D Y. J Nat Gas Chem, 2010, 19: 409

26 Baerlocher Ch, McCusker L B, Olson D H. Atlas of Zeolite
Framework Types. 6th Ed. Amsterdam: Elsevier, 2007. 18

27 Vilaseca M, Mintova S, Valtchev V, Metzger T H, Bein T. J
Mater Chem, 2003, 13: 1526

28 Cimek A, Komunjer L, Subotic B, Siroki M, Roncevic S.
Zeolites, 1991, 11: 258

29 Meza L I, Anderson M W, Agger J R. Chem Commun,
2007: 2473

30 Meza L I, Anderson M W, Slater B, Agger J R. Phys Chem
Chem Phys, 2008, 10: 5066

31 Yan Y G, Chaudhuri S R, Sarkar A. Chem Mater, 1996, 8:
473



