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Effect of Synthetic Methods on Synthesis of Hierarchical Porous SAPO-11

CHEN Zhiping'?, SHI Faxiang', WANG Guangheng', ZHOU Wenwu'?, QU Ying', YANG Zhiyuan'*, ZHOU Anning'?
(1. College of Chemistry and Chemical Engineering, Xi’an University of Science & Technology, Xi’an 710054, China;
2. Key Laboratory of Coal Resources Exploration and Comprehensive Utilization, Ministry of Natural Resources,
Xi’an 710021, China)

Abstract: A hierarchical porous SAPO-11 zeolite was synthesized via dodecyl trimethylammonium bromide (DTAB) as a
mesoporous template and hydrochloric acid post-treatment, respectively. The synthesized samples were characterized by X-ray
diffraction, N, adsorption—desorption, scanning electron microscopy and transmission electron microscopy. The effect of different
synthetic methods on the structure and morphology of the hierarchical porous SAPO-11 was investigated. The results indicate that
the content of mesoporous template DTAB has a great influence on the pore structure and external surface area of SAPO-11.
When n(DTAB):n(Al,05)=0.4:1.0, the composition of the synthesis system is n(Al,03):n(P,05):n(DPA+DIPA):n(Si0,):n(H,0)=
1.0:1.0:1.0:0.5:50.0, the external surface area and pore volume of the synthesized hierarchical pore SAPO-11 become the
maximum values. For the hydrochloric acid post-treatment, the maximum external surface area and pore volume of hierarchical
pore SAPO-11 are obtained when the concentration of hydrochloric acid is 0.3 mol/L. Compared to the two methods, hydrochloric
acid treatment can destroy the spherical morphology of SAPO-11. Besides the slit holes produced due to the grain accumulation,
the channels also come from the slit holes formed due to the layer structure. The hierarchical holes of SAPO-11 synthesized with
mesoporous template DTAB mainly comes from the slit holes formed due to the grain accumulation. The crystal structure of the
zeolite retains and the specific surface area increases.

Keywords: SAPO-11 zeolite; hierarchical porous; mesoporous template; hydrochloric acid post-treatment
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Table 1 Pore properties of the SAPO-11 samples modified
with different contents of DTAB

Surface area/(m*g ')

Pore volume/(cm*g ")

Sample

SgET Simic Sext Viot Vinic Vines

SO 98.1 65.9 322 0.09 0.03 0.06

S0.2 208.9 91.9 117.0 0.12 0.03 0.09

S0.3 159.2 48.4 110.8 0.10 0.02 0.08

S0.4 221.3 50.2 171.1 0.15 0.03 0.12
Sger 18 specific area; Spic is micropore specific area; Sex is external specific area;

Viot1s total pore volume; Ve is micropore volume; Viesis mesopore volume.

i 2% [X -7 (hierarchical factor, HF) &1 & 2 2%
FLA IR — A B AR, I SR (Vi Vier) %
(Sext/Sper)o HHEE 1 ATLASLH, SO, S0.2. S0.3 F1 S0.4
FESHK) HE 23 %024 0.11, 0.14, 0.14 1 0.15, S0.2.
S0.3 Al S0.4 (1) HF #% e T 3C#k[19]H 2 2 1L
SAPO-11 43 Ffiff) HF {4 0.12, XL 3 mA
ANF B B FLBRGRI#S BB SAPO-11 431 4
ZH/ALEERI) SAPO-11 43 Fii o
2.2 EEAMEXTE R E RFL SAPO-11 BIFMN

X} SAPO-11 4y F- i g AT HRE , BE A SAPO-11
Or I A A, TR T IRLE . M 3 g R
I FUREAR ) A5 1) SAPO-11 43 1 i i# 21 50 mL
—EWE R R T, 40 C/KWBHEEE 30 min, U,
KPE, 100 CHET 6 h, ke, 1SR 5T
SAPO-11, ¥ HAr 4 b HSX(X N ERRIREE, 435
0.1, 0.2. 0.3 mol/L), % %ZERMRIKRIEXTIE %2 2L
SAPO-11 fI54H .

Kl 4 AR SRR IRYE SAPO-11 JE13 1)
XRD i, 8.1°. 9.4°, 13.1°, 15.6°. 20.4°. 21°Al
22.1°~23.2°2k) SAPO-11 HIRFIEVEN E o 11 4 v L,
4 Bl Oy FOHHE A4 SAPO-11 43 10, TR, 5
AL SAPO-11 AHLL, AS[H] v 5 £ 1 b 2 14 A 5
SAPO-11 FRFAEATHS I s BE gl /), FLUBE[R] PRAR 5,
TR IR VR I SAPO-11 7> T4 i A8 25, 1
FRIEWE IR %, o HS0.3 Ff S 1E 04 5 ]
KRBT T SAPO-11 43 FIii 4 i & Fiidh
PRI JE A 0.1 F1 0.2 mol/L B, HFHEAT 5 06 55 Ak 45
b, AT REE R AR B i R RS N 30

Bl 5 R 6 b oK HI R R DR 1Y) SAPO-11 4317
FUAS[FIR 5 #h R IR VB S 1 21 SAPO-11 43 FFii I
W I3 B S5 2 R BIH FLAR o Aii el AN S5 AT L,
TEARRT He AR I BB B (p/po<<0.1), W B St B 2
T, 2201 4 B SAPO-11 4319 ¥4 HAT W . 1 p AL

HS0.3

HS0.2
HSO0.1

Intensity

5 10 5 20 25 30
26/(°)
4 AFIHEE HCL X i) SAPO-11 [f] XRD i
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concentrations of HCI
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Table 2 Pore properties of SAPO-11 samples treated with
different concentrations of hydrochloric acid

Surface area/(m*g ") Pore volume/(cm*g ")

Sample

SBET Stic Sext Vot Vinic Vines
SO 98.1 65.9 322 0.09 0.03 0.06
HSO0.1 109.1 30.5 70.5 0.10 0.02 0.08
HS0.2 117.4 35.7 81.7 0.12 0.02 0.10
HS0.3 144.5 38.1 106.4 0.15 0.03 0.12
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different methods
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Table 3 Texture properties of the SAPO-11 samples
synthesized by different methods

Surface area/(m>g ') Pore volume/(cm™g ")

Sample
SBET Smic Sex( Vto( Vmic Vmesr
SO 98.1 65.9 322 0.07 0.03 0.04
S0.4 2213 50.2 171.1 0.15 0.03 0.12
HS0.3 144.5 38.1 106.4 0.15 0.03 0.12
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Fig. 10 SEM and TEM images of conventional prepared and hierarchical porous SAPO-11 samples
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