20

25

*159159* SAPO 34 Nblecular Si eve having both

M cropores and Mesopores and Synthesis Method—t her eof
FI ELD OF THE | NVENTION 5 The pr ion rel ates

to a SAPO 34 nol ecul ar si eve haﬁ@ﬂ@%ﬂ”ﬂymmwicropores

and nesopores, and the nesopore t he

mol ecul ar sieve is in a range of 2¥8%°hm and the pore
vol une thereof is 0.03-0.3 cnB/g, as well as the

synt hesA pOIBj 'Mgle%latr@e@hﬁgglgaﬁoﬁi W@lfod)m??ﬁﬂhqﬁ%(%ores
si eve prepared hi's net scused For

catal ysis of the cmmdérysntbesls ddetthodntheteof10
oxygen-cont ai ni ng conpounds to | ower ol efins.

BACKGROUND The mi cropor e- nesopore conposite nol ecul ar

i i rade pores of m cropores and
%ﬁ%d}a i at ed the pore advantage of 15

TR Ly 5SS AT o

.'WHIC‘?S}%I%E AR GHESHPRRL, %QQhQ%&OI%E)F% E&n@&%f @ﬁsmolecular sieve

conplenentary and coodperative er mor e
ds ametrenganfl2aldl vincandpthe rere wohurae iiedrbo £dj0Us3-0t8 em 3g, as well
wi th different pore

that i's, conpgsi te terjal

5 et ies SomaTRG o Begrolseiis) I b ulae dee vseprepared
e ef.f ag o2 o)

RoELT ol 60U er W“}ehgaf’%%%“e BERPRAT fellion of

arNy ganiabntalpmgpempesnds Théowacoke$isul preparati on and

versatile nodes of the nolecular sieves with

mul ti-grade pores characterized in assenbly will have

WHASR ation perspective in nore fi'eI ds
MZOOZ) 813). The synt hesi s.

' re-nmesopore conposite.nol ecul ar siev
25 i by IR RGP PBT- BFP RYG 1) f@rébf'ﬁ‘ﬁég‘?t/@g Gouble grade

Wr@i bﬂ'mifc re€dn®YmédopBtas hﬁ\Féilr?Jo?por(aMdCﬂh@ eSftvantage of
C1006) 2 P

MVat er . 287) ubsequent |y, numnerou
maempoc @vast,erddv ovigh thanstrcbng:, acidse prapfertyi aldotharidgh hydrothermal

hod
SCHLRESE TR SO B AT s, o v st
RmeS1emRet atdﬁeco&’fbécrfiﬁe?npﬁrtﬂénﬁ&@ e &BSPéJH?ameter and acidic

char acterlir?l cs, M Cropor e- mesopor e” conposi t
proparty Bre bpth BdJIUBﬂable Ithat! is] 81dobgpasitel mhterial with dlfferent pore
allocations and acidié property distributions can be prepared by performing an
optimized combination of two selected materials with different pore structures
and acidic properties. The successful preparétion and versatile modes of the
molecular sieves with multi-grade pores characterized in assembly will have a
wide application perspéctive in more fields (Nature, 417 (2002) 813). |

The synthesis. of micropore-mesopore composite molecular sieves began
with the preparation of MCM-41/FAU composite material reported by Kloets
tra etc. (Micro. Meso. Mater. 6 (1996), 287). Subsequently, numerous
researchers devoted to this research field and developed mény new composite

methods of micropore-mesopore composite molecular sieves. According to the

difference of the structure characteristics, the micropore-mesopore composite

-
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*000002* nol ecul ar si eves have two types of conposite
nodes: (1) a conposite of two materials of mcropore

nol ecul ar si eve and nesopore nol ecular sieve. In this

type of conposite node, the two nmaterials of mcropore

nol ecul ar sieve and nesopore nol ecul ar sieve often
show a coating structure, an enbedding 5 structure, or

a conpl ex conbi nati on of both of the structures. Here,
MoleblaPYRves RAVEEHEHypdit 6F E@Iﬁgogﬁé afeleti @ 4 8 rﬁ?))sﬂtes of two
present between the two materials and the 'res

ohrtedelserfi medopore Xnolgguldr fsfavacandome¢fRDE mblecukehaieviehén this

P BEEPTBRy € Ty IR RO RHEBIE O muTRBPBomgrular sicve and

'f‘i‘)é‘s%%@&r &Rolefuldr TRLRC RN §1'1@Mea MBS finlgkiruéfife ¢ B Sembeddmg
type of io composite mode includes twd manners:

strocoper @ acdeplek aondissteomot hotinesthp strasturesh zHeresan abvious
m Ccropo CEJ m}J {” ar.sieve introduced with sopores, .
EoRbeqtedinteriece (TFADSHIGN [ayepnisaTesRat detivean i tweo materials and

R FoRMRIchdrac 188 NS 00 SifracRiiPPRRDY I RAB 1S didraction

m Cr opore I"ecul ar si eve; opore nol ec

peake coiebpqaing t«»fthe hquommq:tenhhsesesyfecmdypm@)e composite of
nmol ecul ar sjeve, that. a 15 rreso ore rraterl al. whose
é‘?ﬁﬁ"ﬁﬁb‘ﬁs ‘H%F%‘CO%HOIT%S Iﬁ%\v"’e mpRlepul ?htsﬂed’&uﬁﬁ‘éefw t gng this type of

Me%o§§99a§1?5sy twh' H%ﬁ‘xre?s u:i”rﬁlcpépozrgol]n' iﬁ%’léllar sieve with

rea I'zes pore walls in. nanonet er rang
dxed:sapbmﬂ; Ithees ea,r g hnmraz}gnesmotm:uldm dseas m:tmduced d\eﬂh rmbsgpores,
n "Petroc Tecpnol ogy.” 02&}2005) 188). till
ﬁewrlb&at?s fhiher wbBisiaayo RRlepe h wt@ﬂ%&ﬁb@ jstreng acidic
V, t '
BELSGH) B ST oBLR. S B ETTELUR 8, Pl e
sEvec ulithr psitewé the ymoeartzensf shiecopafre sblecalur sieve, that is, a

phos hor us. an unm num .there are opened . )
e PaL Rt ) TS SR SREEUE oSl Rciee 857, gfrodyced with a
| Snfi:’fliﬁgv%l'YSe%Q%?ﬂS%{rg SU%BQ thiMirecrbine gb?l‘ffe&w?&e walls in a

sed In atent 4,440,871 1n 19 or di ng
nanvmetatehngs. {ThendeshiledURss€arh Progeesd i cantdil e aspEicy €5 descnbed in

SAPC- 34 bel 510 I oy.e | ecul ar s| eve

Etfﬁﬁli‘em@,&gg%éhn gxcﬁ‘)gfﬂi@&éfﬂﬁ R 8ePepll the reported
%és%@%%@ﬂn&%?@i@@ohboﬂ?é mo1RWNaS WRK/ek Ure (?ft ﬁ{ey ular_sieve
performance fn the “conversion reaction o ano? o
sl steimeson(sifi€d of Bili8Gh GRIRHu RN TiHE hb WA 1a8ito the molecular sieve
system consisted of silicon, phosphorus and aluminum, there are no opened
literature reports because the synthesis system is relatively complex.

SAPO-34 molecular sieve was disclosed in US Patent 4,440,871 in 1984.

According to the definition of JIUPAC on pore diameter size, SAPO-34 belongs
to the small pore molecular sieves (<2 nm). SAPO-34 molecular sieve has

attracted attention because it has shown superior catalysis performance in the

conversion reaction of methanol to olefins (MTO).

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a SAPO-34 molecular
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30 An object of the present invention is to provide a
SAPO- 34 nol ecular 2 sieve having both m cropores and
nmesopores and the synthesis nethod thereof. By using
the nol ecul ar sieve as a catalyst for MIO reaction,
the limtation on diffusion mass transfer can be
reduced or elimnated, the occurrence of secondary

‘reaction can be decreased, and therefore the catal yst

| ik ¢e BavinB®oth piiotdpdg@tandamey@idreaand tie SRLIRGH Mikihvd thereof.
for ethyl ene and propylene can be increased. |In order

t Byausingthe mplecyliredevedasse eatebist 470V O reaction, the limitation on

t ni cal -sol ut | of_ the esent imnventiqgn is to
PG SRt oo, B rthBES i, DRk b Otumence of
N HoRRRL feadfibn MRFOBOI REreadtd] AME thERPOtRe UatdPételifotan be
the nol ecular sieve 1o is 2-10 nmand the nmesopore

vptalemgadnexseafell @sott@a selegtiving/ iHr #tbytendi and tpropgliede can be
SAPO- 34, ol ecul ar si eve, the surface of the cubic

leci;ese\sgﬁi type nol ecul ar sieve thereof is rough or

br okeR ordersy RERIRTE $hd B8O dsefibsdhbowrAte REhARKELIMESn of the
sieve wherein triethyllamne is used as a tenplate :
apessentamyeatipor i $0 zpronolti fi SAPO-34aduderulart sieveshaving ‘both

YR RRRHS oL ire e Rl e TR i B MStccutar seve
SKM_18%in? hAY tIRARS GébrERbRNE Blersd Y ©.070.3f GRTNY! at ed;
b) A pore size nodifier is added into the initial gel
m xt dresouhingi teeskidnSAPQ-34 epokrukandsistd, rthedsurface of the cubic

suffjciently: c) The | m.xture, obtai,ned in step b)
Sstel PG milecilas iRy <HBereBF LR RF 2P enper at ur .

and & t bafiAR atdethéd Y 8drdl dalz ab AP B3 RRSfLHIXRJ 5ie¥BU&Fherein
aut ogenous pressure; after the crystallization is

comthyamine & wedias a npdatetagest apatesize neatifer tscadded into
neut rtﬁl .and. dried, and thus as-synthesized 25 SAPO 34
nBFYRFSF 85l eve is obtained. d) The as-synt hesi zed

'SAPOS3H eitessid Aletifd M@t MaRAIdWIng sRpsC) 1S

calcined’in air to renove the organi cs contained in
t he matér ilnitial gedl mixture for synthesizing SAPO-34 molecular sieve is

formulated; _
~ b) A pore size modifier is added into the initial gel mixture obtained in
step a) and stirred sufficiently;

c) The gel mixture obtained in step b) is sealed and heated to
crystallization temperature, and a thermostatic crystallization is performed
under autogenous pressure; after the crystallization is completed, a solid
product is separated, washed to be neutral and dried, and thus as-synthesized
SAPO-34 molecular sieve is obtained.

d) The as-synthesized SAPO-34 molecular sieve obtained in step ¢) is
calcined in air to remove the organics contained in the material, and a
SAPO-34 molecular sieve having both micropores and mesopores is obtained.

According to said synthesis method, the oxide molar proportions of all

components in said initial synthesis gel mixture are:
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SAPC- 34 nol ecul ar sieve having both m cropores and
mesopores is obtained. According to said synthesis
net hod; the oxide nolar proportions of all 30
conmponents in said initial synthesis gel mxture are:
3 Si02/A1203=0.1 ~-2.0; P20/ A1203=0.5 - 15;

H2Q A1203=10"'-' 100; 5 TEA/ A1203=1-V 5 (TEA is
triethylamne); T/ TEA=0.01 -2 (T is the pore size
nodifier). According to said synthesis nethod, said
pore size nodifier is one or nore selected fromthe
group consi st edS¥,/A(es0d ~abpni a,

t et ramet hyl ammpzig)l%l %)?_Byqi i de, diethyl am ne,
tripropyl am ne, *12pro )§I anrne, n-propylam ne,

n- butyl am ne, c¢ YL g ngoand a m xture thereof.
According to sa%nggﬁyﬁ?ﬁesi S ?\gf hod, the

crystal lizati onTEAMA&ELreS (REAtisprieth)ylansing)0- 250C,

and the prefer cr allization tenperatyre is

160- 230C. Accg%%f‘g%glj SH @lesythﬁw&? SIZEERPHGET) he
crystallization tinme in step ¢) is 15 0.5- 100 h, and

the preferable crystallization tine is 2-48 h.

AccoAdtoglihg tesdid sPAREsi34nethbécuaidposd fxemaddifiesisusecdr more

as a catalyst for the  conversion of oxygen-containing .
o%?ﬁ%%ﬁg‘?n% q GREP C@Pé‘ls?eﬁls‘?fea&l"ea% ﬁ@m%g,§Abmahylmmnonnum

;ﬁ%{?ﬁ%ﬂd%r eoglleﬁ/?atrﬂ@é% :}giggcﬁ%ﬁaﬂ‘ir&r o@f—’fz%ﬁoﬁ}?ﬁmiﬁr@ Sg&gjg?§lamine,

esl 7 I nvention ‘as e cat al
friobutyTamind cyelbtkglamintiend a nilkeurpritksrente of a
hi erachi cal structure, the influence OH' diffusi on nmass
t r anéceprding to galdsynteaisdpethed; thefay gallizahen demperagygdn step

i TR AR A gt LS

e catalys onge
sel eaiccutdiyg ftorsagl hytithess andh@d,ophy | apsetalizmtibe time in step ¢) is

STEOREE bl e AT,
N eX0Blding to 3aidSAPO-34 molecular sieve, it is used as a catalyst for the
conversion of oxygen-cohtaining compounds to lower olefins.

By using the SAPO-34 molecular sieve having both. micropores and -
mesopores synthesized in the present invention as the catalyst for MTO
reaction, due to the preéence of a hierachical structure, the influence on
diffusion mass transfer can be reduced or' eliminated, the occurrence of
secondary reaction can be decreased, and therefore the catalyst life can be
prolonged, as well as the selectivity'for ethylene and propylene can be

increased, greatly.

DESCRIPTION OF THE DRAWING
Figure 1: The XRD spectra of the SAPO-34 synthesized in example 1, 3, 4,

5 added with a pore size modifier and in comparative example 1 without the
addition of a pore size modifier.

Figure 2: In this figure, Fig. 2a, Fig. 2b, Fig. 2¢c, Fig. 2d and Fig. 2e are the



5 added with a pore size nodifier and in conparative
exanple | without the addition of a pore size

nodi fier. 30 Figure 2: In this figure, Fig. 2a, Fig.
2b, Fig. 2c, Fig. 2d and Fig. 2e are the 4 SEM photos
of the sanples in exanple 1, 3, 4, 5 and conparative
exanple 1 of the present invention. Figure 3. In this
figure, Fig. 3a and Fig. 3b are the schematic di agrans

: .%ENP‘)E&@Q%‘P (RASORRES ﬁpeiaﬁﬁf)ﬁéel_r,qﬁ4?5'%nﬁ%%ﬁﬂﬁ§ﬁive example 1 of

- 20

25

30

distributions of the sanples w't 5 the nunbers of
MBPPtesenanmiveBHBA. i.n exanple 2 of the present invention

(adsarptian_line branch, H hod) . Figure 4: In.

i s P e 10 45 SERE . B gadiiBarh o BT teticcliagrams of
i- ro Ni t: r. i é a & o t "
R IO e a8 R doplre ARt s A the samples with
nhebeumbefs MER3ZIP-1- andarkdP344in exemahp2eob thé présent invention

present. i nventi o adsorption Iine branch, BJH

ﬁ%@&l.ongw%fﬂ@%l,égb&le%ﬂ% OF THE | NVENTI ON The
pres L v j; LS. CRar act.enizedai s
ynt hokyrs c TR T8 35 PR 4har I stchhatis diggrams of
poiti® gehh eadedptioaf is@hifing and anesopone d dbwionkSo fvihleusmndes with
0.03-0.3 cnB/g. The present jnvention i haracterized |
i et iam ?%e"é&@%{%zof‘? ansi o N 0: s P! lhe present nvention
S ' r sieve can be rough or
b%@&@ﬁﬁ#ﬁ@ﬁﬁ?@&%@ﬁ@%@h is characterized in that
triethylamne is used as a tenplate agent and a pore
size modifier is added into a nt hesi.s gel. 20 The

: ~s~met hod of a

D V22 Yat HBVY-gesia- S ' -
- SAPOT e%rfég’%xﬁgi‘dt ﬁr‘}tic?ﬂ &V Enlia¥ BBk na ?H&E%tﬁg%i?gg SAPO-34

nmesopor e preparation process IS as
anofetulay siead hgela mesdpore pare dipnteasof 2 SAP@nd4a mesopore
mol ecul a{) fornul ated and the oxi de nol ar

Leve i s
pY%lb‘B“ret‘P Q@%ﬁam /&conponents are: 25
Si Ozﬁ’?&%’ﬂészé?ﬂ }fiverifion is characterized in that the surface of cubic crystals

of the synthesized SAPO-34 molecular sieve can be rough or broken.

The present invehtion is characterized in that triethylamine is used as a
template agent and a pore size modifier is added into a synthesis gel. |

The present invention provides a synthesis method of a SAPO-34
molecular sieve having both micropores and mesopores, and the preparation
process is as follows: |

a) An initial gel mixture for synthesizing SAPO-34 molecuiar sieve is

formulated and the oxide molar proportions of all components are:

Si0,/A1,05=0.1~2.0;
P,05/ALO=0.5~15;
H,0/ALOs=10~100;
TEA/ALOy=1~5;
T/TEA=0.01-2
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P205/ A1203=0.5 ~-15; H20/ A1203=107-100; TEA A1203=1'

5; 30 T/ TEA=0.01-2 5 The pore size nodifier is one or

nore sel ected fromthe group consisted of aqueous

ammoni a, tetranet hyl ammoni um hydroxi de, di et hyl am ne,

tripropylam ne, di-n-propylamne, n-propylam ne,

n- butyl am ne, cycl ohexylam ne and a m xture thereof.

5 b) The gel m xture obtained in step b) is | oaded

| Nt 0TAePodé Bz FSodifiefls orrbibORloaY SelbdtB@droth bk oroup consisted of

pol ytetrafl uoroethyl ene inside, sealed and then heated

tafueepy st AMmenie ontateapdhakamraoniany ahyéxidsst adighylamine,

crystallization is_nperrfollgrred under_ aut ogenous butvlami

oV ISRV 8D o UFGIEPYRIUBPon ¢ EHJEPHRIIFECyr  7-butylamine,
ARIGlardie add ¥sitakd theaddfon time of 5-100 h. After

the crystallization is conpleted, a 1 o solid product

i s sbparhet gal byxoeatotitdingdtinostep was ise tbaded biatmaustriless steel

hiigoat SR RE SRUTeBRatpel e itide. Sresd g o6 heared 10
ol dianeshtion) tehhferdrsy Hﬁ?eéitﬁ@r‘i’n(?@ﬁg 3y B8 st trigris performed

siéve obtained in step b) is calcinedin air
rendey eauthgerong apricssurandith SAPGt3UIzand e daimperasiey ef 00K 50°C

oaR Bttt St BT Aiesda aBai agtpn I completed, a

- dQJIRd !prQ@ﬁ&V\ﬁ@%ﬁ?\%ét&f bSX RERIrERgatidr ARk Kedl tFABECREIAW with

material s were d in"a certaln sequence in an

i dgionied geater 20d wsledr inpriopor 2000, efid 3h@s TESynthesidedSSAPO-34
: P]’ZOS . A1203 b 50 O: 1.OT (T= n-propylam ne),

ARG EeMarSHEVE IS QPHRGHi al s used were TEA (anal yti cal

pure}y THl hi-Sphta&dizd SISEPOIY efledilar3Qie¥e Btained in step b) is
pseudobochm te (A1203 content is 70 wt % and

ptedsiphdiin @imm tn{didPde orgenics entl 4 SAPD-3# mdleclagsieve with a

AP STES Dhroie  Blsp B koo e @

pol yt et raf| uoroet hyl ene inside, sealed and heated to
200 C, and under ) ) )
The present invention was described in detail below by way of examples.

Example 1

Gauged raw materials were mixed in a certain sequence in an initial gel
molar proportion of 3.0 TEA : 0.4 SiO, : P,Os : ALLO; : S0 H,O: 1.0 T (T=
n-propylamine), and all the raw materials used were TEA (analytical pure),
silica sol (SiO; content is 30 wt %), pseudobochmite (Al,O; content is 70 wt %)
and phosphoric acid (H;PO, content is 85 wt %). A gel was formed by
sufficient stirring, loaded into a stainless steel autoclave lined with
polytetrafluoroethylene inside, sealed and heated to 200 °C , and under
autogenous pressure, a thermostatic crystallization was performed for 12 h.
Then a solid product was separated by centrifugation, washed to be neutral
with deionized water and dried in air at 120°C, and thus a SAPQO-34 molecular
‘sieve was obtained. After calcined the as-synthesized sample at 600°C for 4 h

to remove the template agent, a SAPO-34 molecular sieve having micropores

6
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% an

aut ogenous pressure, a thernostatic crystallization
was performed for 12 h. Then a solid product was
separated by centrifugation, washed to be neutral

wi th deioni zed water and dried in air at 120C, and
thus a SAPO 34 nol ecul ar sieve was obtained. After
cal ci ned the as-synthesized sanple at 600C for 4 h 30
to renove the tenplate agent, a SAPO 34 nol ecul ar

Sdnﬁvrﬁe%l*é&wﬁl %@Woe@lme Qualhr FRSOPSFSY - mqr@bkamﬁﬂrem of
(the n er was MSP34 The XRD pattern of the

ahe syﬂyhtésmze«ﬂ sarapis wammw\/ﬁ ig.n ﬁncgthelSEMjphhte tBefeof was
t I h b
Rt tncfen et JbemubE S8 619 s BupfBee T GBSy sifS R MSP34-

%&m@%@r&%}%f*@keﬁ Conpar ative exanple 1 Gauged
raw materials were mxed in a certain sequence in an

|n|t|al gel nolar proportion of 3.0 TEA: 0.4 SiQ2 :
P06 : Al2(C8B : fo H2O, and all the raw nmaterials used
QEPFEHVE SXAPIS bal pure), silica sol (SiQ2 content

is i (o 0O:
St pongu b AR PSRl gRkeyR Pl oo

geblawso;fcmmn«bfﬁyo TEA i €HeO,sPLOs i Ad;0} 0adéthO, rathd a:hl the raw

st ai nl t eel thetic kettle lined w.th - 0

Jorigrials user verie dt (& %?ﬁ.p&é@ sibish o1 (i cpatansds 36wt %),
1n.a RS SN t

arya C?*??l%éﬁ@m e P P e 74, Snd Rl hERE Rl PO,

mo@:dﬁtmtlsVst “Ete%a,r at gel s brmedthyi fwifatieranstirmaghéshded into a

be neutral d t dd d
1sgjeless stpel ﬁn%t sﬂ kp%i Jinedy P @mﬁ?teya@'\vgwé yl%'a% é‘i?sﬁé?j sealed
AgLntderhe% {Citgedophe | %ﬂ Allggdgr; %@?éﬁogr fbr&shfé " &MNeftmostatic

e tenplate agent, cul ar evé was
airyaahmdtl(m tvmsmmﬁfrmadaﬁ)r SR34.) Thérhe s¥RD madmar\namiepaMed by

sa was sh |n F| 1 an he SEM phot o th

AR Figaiton ATt b il Bt 8el0nErd RaeT g GHed in air a
széﬁta'an@fm&ésﬁ’%ﬂqﬂowo@em&sm@%@ &{Qih&%dt ARr %apémed the
ha snoot h surface. Exanple he sanple wt
reanipde abHOMEP3Hr 8 bl aemede ithe toraplpteeagderdnal SA]%O 34 molecular
sieve was obtained (the number was SP34). The XRD pattern of the sample
was shown in Fig. 1 and the SEM photo thereof was shown in Fig. 2. It can be
seen that the crystal of MSP34-1 .sample presented a cubic type and had a

smooth surface.

Example 2

The sample with a number of MSP34-1 obtained in example 1 and the
sample with a number of SP34 obtained in comparative example 1 were
subjected to a nitrogen physical adsorption characterization to measure the
specific surface areas and the pore structures of the molecular sieves. The
nitrogen adsorption isotherms and the mesopore distributions were shown in
Fig. 3 and the specific surface areas and the pore volumes were shown in Table

1. The results indicated that SP34 sample had no mesopore structure and the

7
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25 sanple with a nunber of SP34 obtained in

conparative exanple 1 were subjected to a nitrogen

physi cal adsorption characterization to neasure the

specific surface areas and the pore structures of the

nol ecul ar sieves. The nitrogen adsorption isotherns

and the nesopore distributions were shown in Fig. 3

and the specific surface areas and the pore vol unes

"‘%fe@xﬁ@@ abd) a-rr@ablaﬁd 3brd - vollifre’ ﬁ}%‘f‘ééfsxve%j'aﬂab%ukg@tfrom the
34 sanpl e had no nmesopore structure and

sgetiibugors uof abe ariempared paotse WHMB] t Bﬁenplaf h‘aér e aldsopore

é0d ced fro the contribytion of e m cropore

Y

Srbutiomh £ BERAS Rate %egsbsf & BPAT HIRgsgRore volume
pore pore dianmeter of 2.3 rimand a
#%éégBZrcgp\%l ume of 0.07 cnB/g. 5 Exanple 3 Gauged raw
materials were mxed in a certain sequence in an
|n|t|al gel nolar proportion of 3.0 TEA:. 0.4 SiX :
PIEA1203 : 50 H2O: 0.3 T (T= aqueous anmoni a),

and_elzhugbliafiAtta 84l NI Eorthif) seahlcktihcal initial gel
our e)@auf%@gia ICan?fa]‘l?sr ?v@}esoznﬂgomlem ertdiy s a‘ cElinC4H initial ge
pmeﬂm‘qtmpbmdreof AXPTE Acoht4eBi0;} SPZO5\MAE{§)3 érﬁ)deo 03T (T=

fp DS B SRl 1G] the ARt TAGEATD derer SEA (BnalytiE pure),
ﬁ&%‘g?ﬁ@};@a%ghteﬂ §30§d Y% rj PQ&%dNoE te( éz% content is is 70 wt %)

oroet hyl ene i sea eat e

25):611 @hosphaticirded (HBOgommoers pr 6§swt e%)aAt tget rvoasst émrmed by
crystallization was, performed for, 12 h

sarfﬁale@t oaUErengAaéowﬁarlafoeda bytadRlgss i ?tﬁf}ath'é?ﬁaWash’é%d with
;?ol?fgeéi%ﬂgﬁgéth Wt r%idbém &8ed V\’Qﬁ@rh@d?éjd Ofol @@0i0 alahd under

us a 4 nol ecul ar sieve was
ohbtitagesels pfdseurecal tenadstatie sastpllization 608 Eefforméd Hor 12 h.

to renove tenpl ate age a SAPO- 34 nol ecul,ar
S Th6m a0l Gt o P ada s SpRrLEatprs WOVER dacbe neutral

(L& aspheed er'\@%géng& in a_ti‘%t ARG Cpaér{di‘ﬂﬁs QfSAPQ ?@molecular
as-synt hesi zed sanple was shown in Fig. and t he

phieve wasestainedad fies valomednthei mple at 1606&}1 foe 4sheecn remove the
that the surfa %ubl cf stal of MSP34- 2 ﬁrp
ngnﬁla@gqxpe&t ‘bgg@ mo eculal Sieve aving micropores 0 mesopores
was obtained (the number was MSP34-2). The XRD pattern of the

as-synthesized sample was shown in Fig. 1 and the SEM photo thereof was

shown in Fig. 2. It can be seen that the surface of cubic crystals of MSP34-2

sample was rough or broken.

Example 4

Gauged raw materials were mixed in a certain sequence in an initial gel
molar proportion of 3.0 TEA : 0.4 SiO, : P,Os : ALO; : S0 H,O : 1.5 T (T=
diethylamine), and all the raw materials used were TEA (analytical pure), silica
sol (SiO; content is 30 wt %), pseudobochmite (Al,O; content is 70 wt %) and
phosphoric acid (H;PO,4 content is 85 wt %). A gel was formed by sufficient

stiring, loaded into a stainless steel autoclave lined  with
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Exanple 4 25 Gauged raw naterials were mxed in a
certain sequence in an initial gel nolar proportion
of 3.0 TEA: 0.4 Si2 : P2 : A1203 : 50 H2O: 1.5 T
(T= diethylamne), and all the raw materials used
were TEA (analytical pure), silica sol (S102 content
is 30 wt %, pseudobochm.te (Al1203 content is 70 wt %
and phosphoric acid (H3PO4 content is 85 w % . A gel

e%ﬂﬁar&m‘%ﬁélmsﬁﬁt %léd'z(rfd %ate!doaae@oonto @nd under
stai nl ess ste autoclave lined w't

poitggertauaf pressuoet &ythemaodtaiss d:eyst@ldaaate@h aves pe:afwded dor 12 h.

Tiret af s lEi el e R PRER AL P Crabhagtior i gd 3g) P neutral

el u&efloﬁ‘ﬁéd SSRRF an@ddR¥d GRNLH 1 fugsd Corhnd""ﬁ?éPSt%r& 0, A PO-34

neutra W th deioni zed water and driéd in air at

Ia6lecubndidvieer af arteinad SARCGr Bdlcﬁ‘iladﬁhemuh/q:ovmrew ©004s for4 hto

obt ai ned. After calcin %é} raw p r.at 600C faor 4 h

tI§MVENHE dCHRAE G é%ﬁﬂta%g g@gt mHI sigy e havang, myfropores and
0

(hEXnAey i B Hgﬁf%éya“‘%hgr@%%@er TR D Fatten was

i shokirgin Higancnidhhe SIEM photowaashewoun Figy Filgcar?2be kten that the

can be see that . rf ce of , cubi c ystal s of

vapige piey f(MéE’ SERIFHYES @“é[iuged raw
materials were mxed in a certal n sequence in an
initial gel nolar proportion of 3.0 TEA: 0.6 Si Q2 :
FRCmpleAl203 : 50 H2O: 1.6 T (T=
tri propyl am ne+n- pr am ne,
tri pkagge ﬁ?wemﬁteﬁ\agﬂp%eméeé 102 Cefiain SPAUSNGE isan Agjtial gel

dop8 T ti PU D sol —

R e e e N i s v R
Ct@fptrepﬂjzlajrﬁn&’{)q-w.‘oﬁzﬂaram pﬁmpymmme/azepl@py}ﬁﬂ(ﬁé 1:1), and all the

tent f b fi t
Sy ke alp BT AL Enal iR ol siie s fiidreedigent is 30 wi
3621_E§eddoﬁeéhmtkf(m y&&h@@f lsum %t%ylasa k{cﬁghgﬁc acid (H;PO,

heat ed under ogenous
prasentr &, 8% Wh%)rm%tgat wmszﬁ)rmeﬂsb)alshﬁ'zcacmtonimm loaded into a

b§e}£uf %s,sfn?s?qe}tl %érag}\egﬁ ke\%g% ﬂggd tsvgll th, 30 orwt?xﬁfeneﬁhgitdgdsealed
dgl P ZReh W efoPd dd:ddeq.lrid?:rahﬁtogEnous pressure, a thermostatic
crystallization was performed for 12 h. Then a solid product was separated by
centrifugation, washed to be neutral with deionized water and dried in air at
120°C, and thus a SAPO-34 molecular sieve was obtained. After calcined the
raw power at 600°C for 4 h to remove the template agent, a SAPO-34
molecular sieve having micropores and mesopores was obtained (the number
was MSP34-4). The XRD pattern of the as-synthesized sample was shown in
Fig. 1 and the SEM photo thereof was shown in Fig. 2. It can be seen that the

surface of cubic crystals of MSP34-4 sample was rough or broken.

Example 6

The samples with numbers of MSP34-2, -3 and -4 obtained in example 3,

9



120C, and thus a SA-PO 34 nol ecul ar sieve was

obt ai ned. After calcined the raw power at 600 C for 4

h to renove the tenplate agent, a SAPO 34 nol ecul ar

si eve having m cropores and nesopores was obtai ned

(the nunber 25 was MSP34-4). The XRD pattern of the
as-synt hesi zed sanple was shown in Fig. 1 and the SEM
photo thereof was shown in Fig. 2. It can be seen that

t heypdss r»f@}@esu@jec%tblt& aclﬁmtg@h piYkicBRadorptioandH Lad@Szation to
rough or broken. anmpl e 0 The sanples with nunbers
ofmeRBRP84hg, Speslfmwalurfmceobt&asrﬁé@ the peegngirectgres of the amdecular

L TS 1 8PS PUE 5 R0 PR BBurons were

agRASn aNFikha R ehstspuGlier agfak idkees rRlet! ﬁére volumes were
si eves. The nitrogen adsorption isotherns and the

nelsopoiie Tabkt |.i Dt |rmtsmd@at@lhthmthmsa¥nglesMéﬁa4tﬂqe3 and -4

TR O e N g N -
sanpletsrs 8 fimland gnﬁp% éﬂzc‘ub@l ThEERERPOFe volumes of the three

di stribution wherein - -sanple had two different
pQHEpEdNGWEOéESOdKS8Khﬂﬂéﬁdl&gnﬁqnsspeb¢|ver The
mesopore volunes of the three sanples were 0.09, 0.06
and 0.14 cnB/g, respectively. 10 Table 1 The specific

Sur f 4681eaf FA; sa&fiﬁt: R6rBOL Sred QbR MireldRuRRLBF R i

vuburreb SBEr Sms,ﬁbmﬂpmrfe;eéreﬂa)f/g)) ( CMmirdper} volSiR- 3e i volume®
530 0.27 0.02 NBP34-T1 584 530 0.26 0.07 MBP34-2 656
546 0.27 0.09 NEPS4-3 518 Addwed 23 0 0&MEEP34-4 66372

P les

46/,0.23 0.14 e | culated usjng t-plot gethod b:
CAltul ated usi ng H nmet hod, the cunul at 3 ve desorption

peosesaviol une i n a ssange of 2-50 nm 15 Exanple 7 0.07
MSP34-2 656 546 0.27 0.09
MSP34-3 518 474 0.23 0.06
MSP34-4 603 467 0.23 0.14

®: Calculated using t-plot method
®. Calculated using BJH method, the cumulative desorption pore volume in a range of

2-50 nm

Example 7

The sample with a number of MSP34-1 obtained in example 1 and the
sample with a number of SP34 obtained in comparative example 1 were
calcined at 600°C for 4 h under air, then pressed and sieved to a mesh of 20~
40. 1.0 g of a sample was weighed and loaded into a fixed bed reactor to carry
out a MTO reaction evaluation. The sample was activated at 550°C for 1 h
under nitrogen gas and then reduced to 450°C to perform a reaction. Methanol
was carried by nitrogen gas with a flow rate of 40 ml/min and the weight space

rate of methanol was 4.0 h”'. The reaction products were analyzed by an

10



The sanple with a nunber of MSP34-1 obtained in
exanple 1 and the sanple with a nunber of SP34
obtained in conparative exanple 1 were calcined at
600C for 4 h under air, then pressed and sieved to a
mesh of 20- 40. 1.0 g of a sanple was wei ghed and
| oaded into a fixed bed reactor to carry 20 out a MIO
reacti on eval uati on. The sanple was activated at 550C
batlide Pas dHERMYrAPID AR iR saNs wWehe shaverl e Egblea. 450C
to performa reaction. Methanol was carried by
nitrogen gas with a flowrate of 40 m/mn and the
&g%g?ﬁ gpace rate of methanol was 4.0 h-'. The.
R'®f products were anal yzed by an 10 on-line gas
chr opgd Qagﬁspréa VAR nhRef €SUMSPIED £-35 By bBtalidd B éample 3,
Exanpl e 8 The sanples with nunbers of MSP34-2, -3 and .
Adarabf averedalainek ain®0®C3 for 4 huraded adr, iegrepreasash anslisigved to a

e o 29 1 B0 2 bpmip € e oG B0 gRedP b & Fixed bed

-02460td BiRy duk i X RATO 8L actiRRE Aliafién. CPRE Y¥aifiple #aMh&ivated at
The sanpl e was activated at 550C

reacti on eval uati on.
560°Q forunteundeantintddeting mitrogeygas gad ted redesed to 450°C to
reduced to 450 gztﬁ erforma reaction. thhgﬁolﬂwas £
PaFiorRGE Bpction, Sheharplovar eRTiEd by MiFORtD 815 pgnspfiow rate o
1 Ry @n I: t IS ;

ol B end O B RSt S dnhaflr, USR0S Thedreaction
@roducie vgae anhlyasdtbygaraph-laedgashehroestdgrspnveneé the hesutts were
ig Tabl%ﬁél gable 2 The reaction results of nethano
t580¥Ifi 1§9'%er the sanpl es* No. SP34 MSP34-1 MSP34-2
M5P34-3 MSP34-4 CH4 2.87 2.63 2.53 2.41 2.31 C2H4

49.96 51.69 52.28 52.58 53.34 C2H6 0.64 0.55 0.72

0. 64T4hl4Q THe3tdacBdn 1SuBd 0§ Te3Bargs t@3)efths3vet the EBMsges

0 00 O 050 LR G5 B o™ e i

CH. 2.87 2.63 2.53 2.41 2.31
C,H, 49.96 51.69 52.28 52.58 53.34
C,Hs 0.64 0.55 0.72 0.64 0.49
C3Hs 34.13 34.85 33.98 33.79 34.10
C3Hs 0.98 0.80 0.65 0.69 0.72

Gt 8.57 7.56 7.85 7.76 7.94
Cst 2.86 1.93 1.79 2.13 1.09
Cer O 0 0.20 0 0
YC,-Cy~  84.13 86.54 86.17 86.37 87.44

Life (min) 180-200 240-260 260-280 240-260 260-280

* The highest (ethylene + propylene) selectivity when methanol conversion was 100%.

11
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C6+ 0 0 0.20 0 O ZzC2--C3- 84.13 86.54 86.17 86. 37
87.44 Life (mn) 180-200 240-260 260-280 240-260

260- 280 15 * The hi ghest (ethylene + propyl ene)

sel ectivity when nethanol conversion was 100% 11 W
claim 2. A SAPO 34 nol ecul ar sieve having both

m cropores and nesopores, characterized in that the
nmesopore di ameter of the nolecular sieve is 2-10 5 nm
:Tgpgcglﬁl.nesopore vol une thereof is 0.03-0.3 cnB/g. 3.
h PO- 34 nol ecul ar sieve according to claimi,
characterized in that the cubic crystal surface of

t he nol ecul &rﬁ sieve is rough or. broken.. 4. A synthesis

met RodA AP Phdd Saplerwar sivECIAARE i) dNictRRATAY Rgdigesopores,

cl ai g t8r i trie ' ' e O
PP ) AR ol nae! B ShRAR e 2.1

addaeghmiantiaha nsgoptresicdume lther®of T 03yh3 kesis net hod
according to claim har.acterized in that

, h ) .
met hod b SARRS 4 Ao %a‘f@rowa ageRising 49 chm 4 ?h%ﬂacbeéazed in
et ! T ! !
e S
t he 4.njAt bpdthedh methodr forotheaSAPD-34 melemla) siane according to

stirred sufficiently; c). The gel mxture obtained in

slap b) charagiesized laﬁhatrfé@f*@aawe & Y&iCahy pztgqnpgaﬁe agent and 2
t I at j stallization is

el S At G A

cr ys$ alhé zghiteRis metiphaioedingatcs olaid 20ctmractadred sn that the
separ ated, washed to be neutral and dried, and thus
aeetbpdtinedyiesthe folpwinstgptecul ar si eve is obt ai ned;

d) The 35 35%aF BEP LAGH SARD SAHIRIALY SUPOLEY e aBLALA Sbve is
in step cf 'S =calcined Th air to renove the organics
cephaidiet] in the material, and a SAPO 34 nol ecul ar

si eve havi ng both mi_cropores, and sopores i s. . .
obt abhédporssige mypdifisy iy Redsd Thig {T‘Pgdm&@éo%eéifﬂ@“‘er& obtained in

@ B tha SHAASIEIIARY, 1 0 that the

c) The gel mixture obtained in step b) is sealed and heated to
crystallization temperature, and a thermostatic crystallization is performed
under autogenous pressure; after the crystallization is completed, a solid
product is separated, washed to be neutral and dried, and thus as-synthesized
SAPO-34 molecular sieve is obtained;

d) The as-synthesized SAPO-34 molecular sieve obtained in step c) is
calcined in air to remove the organics contained in the material, and a
SAPO-34 molecular sieve having both micropores and mesopores is obtained. |

6. The synthesis method according to claim 4, characterized in that the
oxide molar proportions of all components in said initial synthesis gel mixture
are:

Si0,/A1,0;=0.1 ~2.0;
P,0s/Al,05;=0.5~15;
H,0/A1,05=10~100;

12



oxi de nol ar proportions of all conponents in said

initial synthesis gel mxture are: Si02/A1203=0.1

-2.0; P205/A1203=0.5 --15; 30 H2O A1203=10- 100; 12

TEA/ A1238=1 "~-5, wherein TEA is triethylam ne;

T/ TEA=0.01 ~' 2, wherein T is the pore size nodifier.

7. The synthesis nethod according to claim4,

characterized in that said pore size nodifier is one

or nore sel ect I he g Eatied. 2QuUS

5 ammoni a, tet ?g%%‘t/"ﬁ)l}pdn?mé’&anﬁggggg?‘dlg%l%y%%’

di et hyl am neT/TEAp0 Opyt 2nwhereirdT-in ther peylsaae medifier.

n- propyl am ne, n-butyl am ne,. cycl ghexyl am ne and a. oy
nmi xt dr dhe Fepessis m?thﬂ@ea%cypﬁ@%stiosglﬁ%’t‘ ﬁo&%%&?ﬂ?eﬁglr-‘t fhat said
claim4 : ] ' t j '

sy mPARIGILphL SEThird shiSfterkim (EUEHAL LhAALLR0S aqueous
sanbdRsd, S tereirhety peanodiung hpdrokaden dietiphamas, etripreylamine,
in that the crystallization tenperature i stelo cC) is
16ien-paopdamane, THePOPYtaRERs ﬁ&%&%&%owF%eﬁbj g pmand 2
4, .characterd zed in that the crystallization tine in
s’?‘é’bmgj&\ege ):5-100 h. 10. The synthesis method

accordimg &mikdsai Method hatmdingy k@ ethinn4f biadratfeeized Gn that the
crystallization tine in step c) is 2-48 h. 11. The
saiysalizarsindemparataiedpstereois difi 3% Cel ai m 1,

char geter| Zengll)éstri]% é‘&fﬁﬁ(gd ta'@@ox'ﬁ%%?&” Yint 4 ¥RaraSteSLd iASthat the

a catal'y§t ¥ conversi on Coxygeh- cont ai ni ng
CeRRanESi droehperitu iafstésc) 5360-230°C.

9. The synthesis method according to claim 4,'characterized in that the

crystallization time in step c) is 0.5~100 h.

- 10. The synthesis method accordiﬁg to claim 4, characterized in that the
crystallization time in step c) is 2-48 h.

‘11. The SAPO-34 molecular sieve according to claim 1, characterized in
that the molecular sieve is used as a catalyst for the conversion of

oxygen-containing compounds to lower olefins.
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