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Table.1 The influence of the amount of PZPMS on the synthesis

Sample n m Product Composition Product Morphology
S-P-1 0.04 0 A|0_521Si0_003P0_46902 SAPO-14 flat
S-p-2 0.04 0.15 A|0_495Si0_021po_43402 SAPO-5 nest
S-P-3 0.04 0.25 A|0_433Si0_057po_46002 SAPO-5+ amorphOUS -
S-P-4 0.08 0 A|0_4gosi0_021P0_48802 SAPO-14 flat
S-P-5 0.08 0.06 A|0_495Si0_026Po_47802 SAPO-5 nest
S-P-6 0.08 0.12 A|0_493Si0_027po_47302 SAPO-5 nest
S-P-7 0.08 0.25 Alp 490S10.062P0.44702 SAPO-5+ SAPO-34 —

The initial gel molar composition: P,Os/ Al,O4/IPA/H,O/PZPMS/TEOS=1.0/1.0/1.375/75/m/n, crystallization condition:

200 T, 48h.
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Fig. 1 XRD patterns of samples S-P-1(a) and S-P-2 (b), SEM images of S-P-1 (c), and S-P-2 (d,e) and N,

sorption isotherms and pore size distribution (the insert) of S-P-2 (f)

Bl 1f 9 S-P-2 FEA IR No WD ERIR PR T 28, No TR Bt &4 P/Po /NT- 0.01 B B
EFt, 7E 0.4<P/Po<0.9 FHAF/E—AN B R A IS 3A, 15 BHRE i L 284 Ry L A b
AFAENFLEER . DFT JLEA AL (B 1f EAED B, FERRELILE
FELEHLE 0.8 nm /4, 5 SAPO-5 [ 12 oM LIS (0.73 nm) W& . Uh4th,
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Fig. 2 *C MAS NMR spectrum (a) and Si CP MAS NMR spectra (b,) of as-synthesized sample S-P-2.

Xt S-P-2 £ FhilE AT °C MAS NMR [E A% R AE, 45 FanfE 2a fros. i

48 ppm(B) {5 5 X0 B 57 A e H & AU A B+, T AE 21 ppm(A) B3 H 3 1) 5 L 4R
&5 AT LA & e TG 5 Ok AR E R -CH & 4] (H 21 ppm(A) b LR 1 547
FEHR M2, I H 48 ppm(B)FLIRIE M AEAE—E TR SR, DRILFRATTHED
AR A E AN A SRR ESKE S M S-P-1 1 S-P-2 PIFF i 2 Boxt
LERT %N, PZPMS 73 iz LA AU IR BB 204 51 N i, BRI — 28 6] R 6y
BE AT T 2°Si CP MAS NMR 13t 4n/&l 2b iz, -89 ppm #1-91 ppm f 3L 4R 14
AJ LA A SiaALFT Si(BANPIIE 5, -58ppm IFRILHR{E 5 1)@ A T, 2]
(T,=RSi(OAI)(OH)3.,,n=2 #1 3) 2 JEsz pZPMS /KfifJ5 548 22 L Al [T

& AAAET S-P-2 . X4 R P TG/IDTA # i triEsk (B 3).
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Fig. 3 TG-DTA curves of sample S-P-2 and conventional SAPO-5 (S-P-C) .
TG Hizkr, S-P-2 HHELH M SAPO-5 (S-P-C) EFEHEMIHKER., /£
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A PR TR U o T8 3 RS ) ok i P8 AR A B T U5 TE ML SR AR AE A
§9EBEER] . 200-400 T, S-P-2 T2 WHKEIF T 7 i fLIE N PZPMS /- FLARE
AR R B B
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Table. 2 The influence of the amount of TEOS on the synthesis

Sample X Product Composition Product Morphology
S-T-1 0 Alg 498Si0.017P0.48402 SAPO-5 nest
S-T-2 0.08 Aly503S10.031P0.46502 SAPO-5 nest
S-T-3 0.15 Alg 513Si0,073P0.41202 SAPO-5+SAPO-34 —
S-T-4 0.35 Alg501Sio.110P0.38302 SAPO-5+SAPO-34 —
S-T-5 0.45 Alg 500Sig 125P0.37502 SAPO-34 pyramid
S-T-6° 0.45 Alg 500Si0.127P0.37302 SAPO-34 pyramid
S-T-C — Alg 483Sio.136P0.38102 SAPO-34 cube

The initial gel molar composition: P,Os/ Al,O3/IPA/H,O/PZPMS/TEOS=1.0/1.0/1.375/75/0.15/, crystallization
condition: 200 <C, 48h. ® Adding 5% amount of milled SAPO-34 as seeds into the initial gel.

[BEASCT]
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Fig. 4 (a) SEM images of S-T-C, (b) SEM images of S-T-5 and (c,d) SEM images of S-T-6.
2.1 A R R BN, B R b Si Bkl R 2% L1, A A RERTS SAPO-34
pl e R ERATTAE BB EE 1P,0s5: 1A1,05: 1.375IPA: 75H,0: 0.15PZPMS: XTEOS
FAF T ERB I Si FoklR, &g Rk 2 Fos, A BEE S SEM 258 LI 4.
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Fig. 5 Solid-state *C MAS NMR spectrum (a) and ?Si CP MAS NMR spectrum (b) of as-synthesized sample

S-T-5.
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Xt S-T-5 FE 34T °C MAS NMR BRI RERAE, 45 51 S-P-2 B 5L
WAL, Wl 5a Fias. 21 ppm(A)FH 48 ppm(B) s LR I A HL BT i T8
I (a,b,c.d,e,f.g) 7T LU JE Ay IPA F1 PZPMS = 524, X ke 647 7 2°Si CP
MAS NMR Ui, 408 Sb Fron, 55 K-90 ppm HIFEHRIE AT IH & A Si4AL)PH )
55 BeAbh, FEATE-9~-23 ppm F1-47~-68 ppm HILETE M5 S, 43 3JHJE AN D,
HH (D=RR’Si(OAl),(OH)2, n=1 F12) 1 T, {55 (To=RSi(OAI)y(OH)z.n» N=2
M 3), FW PZPMS 2> FHIA ML Si JE T 51 N> T 412025280,

Table.3 MTO lifetime and product distribution on sample S-T-6 and S-T-C

Sample Lifetime(min)? C, (%) C;3 (%) C, +C37(%)"
S-T-6 327 53.25 33.70 86.95
S-T-C 242 48.11 34.05 82.16

® The catalyst lifetime is defined as the reaction time with methanol conversion greater than 99%.

® The highest selectivity of ethene plus propene under >99% methanol conversion.
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Fig. 6 Methanol conversion and product selectivity as a function of time on steam on samples S-T-6 and S-T-C.
Experimental conditions: T=450 °C, WHSV nethanoi=2 h™.
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Table.4 Textural properties of S-T-6 and S-T-C

Sample Stotal Smic Sext Vmic Vmesoa
S-T-6 494 432 62 0.2 0.085
S-T-C 580 573 7 0.27 0.011

Intensity(a.u.)

T T T ’ T y T ! d
200 300 400 500 600 700
Temperature(°C)

Fig. 7 NH;-TPD profiles of samples S-T-6 and S-T-C.
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Propylamine n-Butylamine

201611209 1622N 050 x30k  30um

20161209 1638 N D50 x40k 20um

Dipropylamine

20200605 1448 N 054 x80k

202006005 1545 N D54 X80k  10um

e e S e e
20200527 1405N D050 x10k 10um

Fig. 8 SEM images of the samples synthesized with different templates.
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Morphology Control of SAPO Molecular Sieves under the

Assistance of Organosilane

WANG Ye'? ZHANG Xiaosi, SUN Lijing? LI Bing? LIU Lin?, YANG Miao®", TIAN Peng?”,
LIU Zhongyi*, LIU Zhongmin®
(1.Green Catalysis Center, and College of Chemistry, Zhengzhou University, Zhengzhou,450001, PR China
2.National Engineering Laboratory for Methanol to Olefins, Dalian National Laboratory for Clean Energy, Dalian
Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, 116023, PR China)

Abstract SAPO-5 and SAPO-34 molecular sieves with special morphology were
synthesized by employing isopropylamine (IPA) as the organic-structure directing
agent and 3-piperazinylpropylmethyldimethoxysilane (PZPMS) as a meosporogen.
The effects of the amount of organosilane and silica source were systematically
investigated which may change both crystalline phase and the crystal morphology.
The products were SAPO-14, SAPO-5 and SAPO-5/SAPO-34 in turn as the addition
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and increase of PZPMS. SAPO-5 will transfer to SAPO-34 with the increased dosage
of TEOS. The synthesized samples were well characterized, and the presence of
PZPMS in the product was confirmed. Hierachical channels formed after removal of
the organics, and the MTO catalytic performance of SAPO-34 molecular sieve was
significant improved. The hydrogen bond interaction between PZPMS and IPA is the
key to synthesize SAPO with special morphology. This work provides an effective

strategy to control the morphology of SAPO molecular sieves.

Keywords SAPO molecular sieves; Morphology control; Organosilane;
Hydrothermal synthesis
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SAPO molecular sieves with special morphology are synthesized with
the assistance of dual templates.



