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SAPO- 34 Mol ecul ar Si eve having both M cropores and
Mesopores and Synthesis Method thereof FIELD OF THE™ ~
I NVENTI ON 5 The present invention relate 4
nol ecul ar sieve having both mcropores ;mmmmmm
and the nesopore dianeter of the nolecular sieve 1s

in arange of 2-10 rim and the pore vol une théréof is
0. 03- & Sp T4 Mol@&l\ﬁ’?ﬁev@ﬁ \tihg bt NiftopoFRldRIMYsopores
t he nol ecul ar si eve. e rm?ec 'ar sieve  prepared bf/)
this method i s usethd Syntliesischlethyd tserebf t he

conversion reaction of 0 oxygen-containing conpounds
to | ower ol efins. BACKGROUND The mi cropore-nmesopore

ite Leves having doubl e grade pores
BRI e Ry EREhT

H-Ct aht—resopor es have i ncorporated the pore

advant age of 15 nesopore nater] ith the strong .
aci df Be presser {3V eaHan R na %@@r%ﬂ%@cu ASiBY9 feying both
%'{c%;%rgp h§ o@ngsaEn& It/ gfes greniﬂgﬁle&?tﬁ tRE nidY€cular sieve
materi al's  conpl enentary and cooperative. Furthernore,
tigﬁi?n pakegdbfidEiletmand theipdre volunapeietaofas 6.0300 B cm’/g, as well
adj ust abl e, that is, conposjte material wth |
cﬁsfthérsé{ﬁfheé@rféethﬁldlch‘gﬁiTBﬁ Calsn Sigieail e preJgeylay sieve prepared

[Stribut i a r : f ' : 20 :
o bl BB S0 et B P, B Bl B BRI rgtion of
i fyieen ewhtfining ®hipotinds es loveerdblafindi ¢ properties. The
successful preparation and versatile nodes of the
mol ecul ar sieves with nulti-grade pores characterized

N i1l have a w de application perspective

if (Nature, 417 (2002) 813). The synthesis

0 ] Cr OpOr e- Nesopor e conposi.te | ecul ar sjeves pegan

25 i b PR PO G ALT S, RO R HTIFERGY B0 LRV IBE OUBTE grade
TRIred b?lmiﬁ?@résegn@h@og%e% hdveirRbfporsGhe po¥e K@vantage of
Mater. 6 (1996), 287). Subsequently, numerous

rressgoch enaemiay ovid theostrdrigsacidiweprophrty iasddhaddgh hydrothermal
devel.oped. many new conposite nethqds af }
o, AUSRTS 'BOITGOT « SoXGr ol ade; botiy of the material

WIQHEQL%? de coglidrhev e ne@tdmidie, &le” P6fellRmeter and acidic

characteristics, the m cropore-nmesopore conposite
property are both adjustable, that is, a composite material with different pore

allocations and acidic property distributions can be prepared by performing an
optimized combination of two selected materials with different pore structures
and acidic properties. The successful preparation and versatile modes of the
molecular sieves with multi-grade pores characterized in assembly will have a
wide application perspective 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 many 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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nmol ecul ar si eves have two types of conposite nodes:

(1) a conposite of two naterials of mcropore

nol ecul ar sieve and nesopore nol ecul ar sieve. In this

type of conposite node, the two materials of mcropore

nmol ecul ar sieve and nesopore nol ecul ar sieve often
show a coating structure, an enbedding 5 structure, or
a_canpl ex. [ [ : ugt e
BroiaEDRE i T BRE b gy e B bSmBoyile ot Y EmpySicef owo

PhaeAAls diﬁh%@gor%hﬁote\wlmﬁwei aldsmescport hroleeslat sive. In this
characterized by X-ray diffraction (XRD) will show the
dypg phcompesitp aaads, dbe FueppaEral ehbmiFePelfomeisenaragigve and
respectively: (2)..a.C Si 0 p d .
epaaet dEokhar R ATRR" shEych oPERRDRIGEAR on cembedding

tsyReneé, oroa EQPRX dogntiiBgEon BE budest theatrenmrey. Hera, an obvious
m cropore nol ecul ar _sieve with nesopores, that is,

. § | a
wooneped énterfres (fransitterelayer hisrRasrid Peivesn Hesysopaderials and

tri he di i o . . hi 5 .
TRF ST e 8 6] G LR R, MO g racion
Yeak R oPeSpSRIAE tBOtheCH AMmSeANE; réspPetvglol €2)1al esmbasite of

Sieve wth parts of the properties_of mcropore )
moéseparesr agd avisTopdias insa molesulas sigisr makgriadly jaaf tivodwpe of

h Ils h ' | i i
SERRROLSPRELSORLES L0 b LA Ml e i i

8&dopsess, RRAtEIs\Va! hfcrbpoi® mddtaldt seve amgeducttiewith mesopores,
detail ed research progress on this aspect _is describe

icontritrges e emiddtsioe ofinoelsgytes (Wirlo oosytageng thy stropg acidic

[l th d . e .
revesf apd SRBDEY UEE sr RS utar B8y E, £ IRy Siimglecular
GaRel stied pafts ifl iheopropeetiel YimididpdievvRiculassitve,t that is, a

nol ecul ar sieve system consisted of silicon,, .
phesopts material whese amaTphove meravallsohaysebreg introduced with a

literature_r . 1esi t ' :
PSS, B ARl PR S SEYRIRES! 2aBUS, 80 Svats in o
Fiaf6hR8&trahpe Uhdatalled 4 ALBFrb gress 1dBthis afmeoiddegribed in
to the definition of | UPAC on pore diangter size,
&Reprochamisal ohapnolzyf ol AXE0GHARR) pbipe iloPeEy| A} the reported

S s SEPB R TASSHE i SR 4 et s
Rkl BBASiSed Bftsilgcon and aluminum, however, as to 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 IUPAC 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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conversion reaction of nethanol to olefins (MFO.

DI SCLOSURE OF THE | NVENTI ON 30 An object of the
present invention is to provide a SAPO 34 nol ecular 2
si eve having both m cropores and nesopores and the
synthesi s nethod thereof. By using the nolecul ar
sieve as a catalyst for MIOreaction, the limtation
on diffusion mass transfer can be reduced or

eélév RakiR ’bgm‘ errs%eqneg‘ o?&cﬁﬂdt%}é ﬁﬁ@gﬁs'rﬁahearﬂhereof

ecrea herefore t e cataly Ilfe can
pIBpIusngeﬁhe raelewelar seyetdie cahlyst fcmMif G maceohyﬂherienamtdon on

pr.apyl ene can be . increased., |In, orde achi.eve the
SRR o aatsr | 15 TahGoB. bF HEdpetth i clmuI i BIF orctygnce of

psre%gﬁﬁ%rg' FR4ER ﬁ Qﬁn' e WRCRLEM, dﬁld%h%@ﬁ@f@‘ﬂhé"&hé%t al'ife can be
sl eve having

m cropores and mesopor es,
nErsbged, dalsamllletas othet belectbtige dbarethylene anto plrep)ﬂeﬂé) can be
nm and {he nesopore volunme thereof is 0.03-0.3 cnB/g.
ASEBR8thg to said SAPO 34 nol ecul ar sieve, the surface

of t oftté 't& CIREVSHR! o YA %Y A veSTHRMEC @z{les%iutio% of the
oken i fi

roug A synthesis net or said SAPO 3

npﬂee@ul ﬁf\eﬂtlﬁNels\l\ll‘IErpﬁDVﬂdet a1 SARY- am melacalarse]cévasha/mg both
enpl at e agent and a pore, si ze rmdl({ilhé IS ded into

IBICdOB%fﬁ 04 @CWOTCSS&PG thy HaseRPs Hamstd tribe qaelsciigs sieve

é[.gwnﬂg i &,%}Bgaﬁwvmm Rerddis moétols%nﬁ%l ot ed:

esi zi ng ar sieve is for
b) AApoorlisg 2e saddi SARO- 343 racldedlar siavet Hie ISILIrffalcanngHe CUblC

m xt ure obtalned in pa) and stirred
s‘%Ib’F‘ia&D@ﬁtrW ecgha r?’r?é(eéé? irggh BbP%ﬂtkt‘?Ed in step b)

| s saal adand heahifd 1R, %FMSt@M)DZ-%' %l?&ﬂHPrQEUEe’wherem

and a thernostatic crystallization is perforned under

aimteﬂgdmum presd us @;template apbet ordys padel dizatiodnfiérsis added into
Et ed, a solid product is separated, washed to be

n%&lt'rft psingal- dri ed, and thus as-synthesized 25 SAPO 34

ol eQHidasryr&H&Ysembﬁlogtlhé‘iiuﬁggthe following steps:

a) An initial gel 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 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.

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

components in said initial synthesis gel mixture are:
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d) The as-synthesized SAPO 34 nol ecul ar si eve obtai ned
in stepc) is calcined in air to renove the organics
contained in the material, and a SAPO 34 nol ecul ar

si eve having both m cropores and nesopores is
obt ai ned. According to said synthesis nethod, the

oxi de nol ar proportions of all 30 conponents in said
initial synthesis gel mixture are: 3 Si02/A1203=0.1
2.0; P205/A1203=0.5 15; H2QO A1203=10 100; 5

TEA/ A1203=1"'5 (TEA is triethylam ne); T/ TEA=0.01 - 2
(T is the pore Sz O¢:diler).0; According to said
synthesis nethod, said pore size nodifier is one or
nore sel ect ed FAbMbRe=@H6UpO;consi st ed of aqueous

amoni a, tetrangthyl D URKnJ O hydroxi de,

di et hyl ami ne, ﬁ?@%h@?ﬁm ng,bo’di - n- propyl am ne,
n-propyl am ne, TRAPALY.am-B(TEXGS atekylbaimdle and a
m xture thereof. According to said synthesis_nethod,
the crystal |l i zat/TEA M peraflusdhe post v modifiey).

100- 250C, and the preferable crystallization
tenperature is 160-230C. According to said synthesis

et hadeoddgy & 349d 8Yhthgat inithéd,ERid poretsése @bdiffer1Sone or more
0.57"" 100 h; and the preferable crystallization _ tine

isel@tetBfrm thecgroup egnsisted aif q8aRe Fnmepix éefranethyapemonium

it Js .used,. catal yst for the ,.conversi of .
ORaRIcE o M ETY PE o BRI et PLgFer LS, gy PERRpgmine.
LAGUSARDIMA YBLREM 18MiSd &YEa RAXiug e, mi cropores and
nmesopores synthesized in the present invention as the,

cat algsording taviedd spathesiaanétbad, thasrystallipetiqn osmpesetuss in step
a .hi i.cal structure,, .the inf.luence on diffusi .
ds TOPGTE e itk sty s e i faiathiq fedrsoc,
OCCURIEHEnPho sBRCHMIMYs hRAId, QRe CaybthlBzEesH Easeth step c) is
and therefore the catalyst |ife can be _prolonged, as

wbb - B0 hhandsbeareferatly crstalizatipngiae and-4Sropyi ene can
be lk%%crneaél‘rsl’ge gd s&ld %@-‘342 olecular 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 presence 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¢, Fig. 2d and Fig. 2e are the
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DESCRI PTI ON OF THE DRAW NG Fi gure 1: The XRD spectra
of the SAPO 34 synthesized in exanple 1, 3, 4, 5
added with a pore size nodifier and in conparative
exanple | wthout the addition of a pore size
nodifier. 30 Figure 2: In this figure, Fig. 2a, Fig.
2b, Fig. 2c, Fig. 2d and Fig. 2e are the 4 SEM phot os
of the sanples in exanple 1, 3, 4, 5 and conparative

g&&r}‘p pglot ff  the 3 ta]u%ﬁ) sﬁ%e xtag‘{?néé ?gg’téﬁe SC(L ?zln:étla/% g)g(%lgh'ge 1 of

Qhe fﬁstgﬁtqg@ema&sor ption isothernms and nesopore
dlsPrlbutlons of the sanples with 5thg nu ersa
¢ shReat% Atagsms of

VBP3Higureadulrstas) ﬁghreefa&pr gand §g.t3heanst
T R S

Qhégﬁﬁhﬁ‘@er.@fof Mﬂmgﬁrbfﬂdsprm1h0£kdrﬁ}§)l’eh@rdf8t}an;iresent invention
mesopore distributions of the sanples with the

r(adt[&rpsormﬂlnw@mthBJHSmaﬁ@dM in exanple 6 of the

e BN S AP 2 LR JE s o

H{l%géﬁ aﬂwfﬁﬂbh Qé’bthw&ﬁcﬁﬁte@bp@%dd1lsﬁ1btu|m@hs tofehe samples with
synt iesi zed” SAPO- 34 nol ecul ar sieve has a neso

por
phe enuin ety MEP3A-20-handnd @ Axaoply 6 © 1@1%%% gyvention
h nt,ni nvention is characteri zed
f‘HB{‘OPE'éle?g?I?C ?JE# ﬁbdg crystals of the

synt hesi zed SAPO- 34 nol ecul ar sieve can be rough or
broken. The present |nvent| on is characterized in that

t DEFARLEBNDRES GRIPIION @F BHEHIMWENTAOMNent and a pore

B

pres hesi's et

SABRc3fhr TG ar mek&pRe ite rtgaﬂﬂetelﬂ d¢fi 2+lgpamesndirdmesopore
nmesopores, and the preparation process is as follows:

ayolame; afi & O 30. en'/gi xture for synthesizing SAPO 34
ol ei’?\'{: ﬁagﬁielngfn eln?lon for Hbflja@{e?‘%e@nlq tht&h% L8 cETBE 8hibic crystals

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

The present invention 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 molecular sieve is

formulated and the oxide molar proportions of all components are:

Si0y/Al,0;=0.1~2.0;
P,05/A1,0;=0.5~15;
H,0/A1,0;=10~100;
TEA/ALO;=1~5;
T/TEA=0.01-2
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25 Si 2/ A1203=0. 1-2.0; P205/ A1203=0.5" 15;
H20/ A1, 03=10" 100; TEA/ A1203=1" 5; 30 T/ TEA=0.01-2 5
The pore size nodifier is one or nore selected from
the group consisted of agueous ammoni a,
tetramet hyl ammoni um hydr oxi de, di et hyl am ne,
tripropyl am ne, di-n-propyl am ne, n-propyl am ne

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

5 b)The gel. m xt. : [ j i Bel :
DT el LU RO PSSR R Bl St onsisi of
RELY6ES r ahinumgt hytegageitidardmonseal edyanoxitiben diedtydanine,
to crystallization tenperature, and a_thernostat ibc .
dripsaplamigt i on dls”'ﬁé?mé?rﬁﬁkf, und@prcgmlfg@gwous n-butylamine,

pressure, Wi.th a.cr | kon tenperature of
f@ﬁf%&ﬁla“gﬁa agd;arréé{rngleltbgr%w.on time of 5-100 h. After

t he 6y wHkapdli makduen obisaiTph atgrd b) ds iloadel intopa athinless steel
is separated by centrifugation washed to be neutraL
viutoclavieiiond zech wabestrafiupraethaleneringide, saalecbae thgpyheated to

t hus as-synthesi zed SAPQ 34 I l.ag._ Si 1S :

by SRS SREPL-S R, BB S B pertommec
SirRMe RPSGANRIAY prossk@Rvitl d Srysedligthad témpearhture of 100-250C
renove the organics and a SAPO- 34 nol ecul ar sieve with
andsa ¢rystaliibatierorimst ofd di08por Aflenthe ¢rysigHiatignilg completed, a

obt.ai ned he present, invent.i. i3b ' .
R oD, LAY, bULEH AR, SERELORE A neutrl wit
i Sihilz8dl Sy M8 Endridkied inMaif a€ @0 & narsk s naesyinthaived SAPO-34

initial gel 20 nolar proportion of 3.0 TEA : 0.4 Si02
:mpRE8lar spEyeigobtabed20 : 1.0 T (T= n-propyl ani ne),

and th t er Lal T Vii G .
3 R Lo A L TR SR G 1)
Regudedos A foereAh20Bie GRPAIEDBE ahd a79ARO-34 malacllar sieve with a

phosphoric acid (H3PO4 content is 85 w % . A gel 1
fcbswgmti@y of mncrop(ores and mesopores 1s obtained. A gel was

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; : 50 HO: 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 SAPO-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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sufficient stirring, |loaded into a stainless stee
autoclave lined wwth 25 pol ytetrafl uoroet hyl ene

i nsi de, sealed and heated to 200 C, and under

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

wi th deioni zed mater and dried in air at 120C, and

bRt R B BN A g o

Qe h& gﬁﬂtﬁe&?@d Laipleal8s AARM in Bi SARPBtheSENICHIAD thereof was
sieve having mcropores 6 and mesopores was obtain

(shhenninnibige 7mrscavs 4een) tf)at thrh suntmes pheviicrrrystalsy @feMSPJ‘* 1
as-synt hesi 26 @rmla(l e was shown in Fig. 1 and the SEM
6H6’ﬁ)ei’vﬁéf‘e'ﬁﬁ Shown in Fig. 2. It can be seen

that the surface of cubic crystals of MSP34-1 sanple

was rough or broken. 5 Conparative exanple |I Gauged
Gompatatve aksmpker b m'xed in a certai n sequence in an

PoosRupdlbimy TuBrnBor P Y M adeall bl iR jolgel eel

oy Uy 8)Si0s ' Ip,oa: 30l0{ SO, cpaheatl th
%61%65%&3961'0%’%(}83259&00hSr1nOt§e A?ZOSi cj(()ntent2 is 70 Wteraw

%ﬁatandlsplsed phioe 1E A ¢arnlyiHapare)coibcanol (SOs50ntent 99 30 wt %),
Feandraerio i thntneet Rt i Pondid wifBhoil! i PO,
b}t’ég?tnﬁ afq yar t E&nﬁ/ab ohfled ealfEdierdnéirnfa! RAIES into a

and un togenous pressure, a thernbstatic
cstteylateai; Istez:htsymhem\akepbrh‘imdmdhfpﬂlylrzaﬂuofmélwlan@;@1511@3 sealed

ot SHCRL 9 GG, BOSS e Rosarc
1&?&11%@105% Ser ARSI EWE@Ha%bE&?rM&tQMsaedﬁﬁﬁbted by

er calcined the sanple at 600C for h to renpve
tdeatri fugptian.ewagfeadt to he HapmaBwithofleionizgd wateswadvi@ised in air at

ned he was ; SP e
e g S A PP T T eV SR B AR ealsifed the
@$h 18 B 00T Hiod 4 B to rémeas the taifiplaaeapditgd SARD-34 molecular
crystal of MSP34- ngl e presented a cubic type and
hmevea was ndained L(tl'fean@ er was SP34). The XRD pattéern 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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Exanpte 2 The sanple with a nunber of MSP34-1 obt ai ned
in exanple | and the 25 sanple with a nunber of SP34
obtained in conparative exanple | were subjected to a
ni trogen physical adsorption characterization to
measure the specific surface areas and the pore
structures of the nol ecul ar sieves. The nitrogen
adsorption isotherns and the nesopore distributions

wer e .sho in _ Fig.,3 an LFiLaSU a
SReCiRe e v ftsh BoBf olffe ARBEO T FrR 4 BegikRRom he
r &bt drn difC A dmidraporSPpdrtsaMIBE3fad sampieshqbra mesopore
structure and the 7 specific surface area and

ore
wbbwibetiphevido s mesopord porsrdanetsd of 2y end a megopore volume

cQ I bugjon of the mcropore parts. MSP34-1 sanple
hoafgﬁél% ﬁE’S)@pore distribution with a nesopore pore

di aneter of 2.3 nmand a nesopore volune of 0.07
cnB/g. 5 Exanple 3 Gauged raw materials were mxed in
aExamplailn sequence in an initial gel nolar proportion

of 3,0 TEA : 0.4 Si P - : . - T

o o Tl (45l AR g
V\%B%rﬁﬁép&r@i"éﬁl ¥t 3 oafERUr @), Sicy sPIOcaAdaDd; (S0AR,0 : 0.3 T (T=
content 1s 30 wt %, pseudobochmte (A1203 _content .|5l
mqumbu@/damnacnda)ahodrﬁthlotﬂibda‘é{cm@lte(lla@P@&dc‘ﬁ‘?ﬂeeﬁAi(énggt‘&% pure),
%.,. A gel..was forned by, ,suffigi L PRI PG, o
i B RV DA ShBMyTt (A coh R0 wi o)
P@%d/t BbERHIrHOReRt (MLEDE doRsinteis 8Ravedopnd helaved famed by
2 8 and under = aut ogenous pressure, a thernostatic .
csufStieht | staringn Weasegernior riedstridess2 steel 1 gutgelayey lined  with

solid product s sepayated, b ntri fugat i (hNas

S0 LR SR SRS P GRLHAO)) 20 SRR ncer
alud2hdus predsurbUs 1BeSARRY cRptAllivhiton vedseperfovased for 12 h.
obtarned. After calcined the sanple_at 600C fgr 4 &Ft 0 l
rEhove sdll pradust avas separted byspemirifigatione Aashed 4p Rpgneutra

havi ng.m.cropores and. Neso | pedh ¥R molecul
D LSRRI MERIRLE s S SO el
asieSy WRasyiziadd samet ealvhrdshewamppte B 600'C dod4the SEMve the
phot o t hereof was i . .
template agent, a SAPO-34 molecular sieve having micropores and 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 Si0, : P,Os : Al,O; : 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 1s 70 wt %) and
phosphoric acid (H;PO4 content is 85 wt %). A gel was formed by sufficient

stiring, loaded into a stainless  steel autoclave  lined  with
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shown'in Fig. 2. It can be seen that the surface of
cubic crystals of MSP34-2 sanple was rough or broken.
Exanple 4 25 Gauged raw naterials were mxed in a
certain sequence in an initial gel nolar proportion
of 3.0 TEA: 0.4 5102 : P20 : A1203 : 50 HRO: 1.5 T
(T= diethylamne), and all the raw nmaterials used
were TEA (anal ytical pure), silica sol (S102 content

bochm t t
stk BTSRRI Sl 1,10, Yo hncer
WAk leRbE rossusd)fd kikdrffdktade Siystallingion! wadqﬁrfommmafor 12 h.
stainl ess 'steel "autoclave lined with 8

Atlent 2tsokifl| produelt Wy saparatesi by cestrafugatiamdwaeiadetp bg neutral

nd
v dsiige iemand SRRy PhADE’ pand ERFRCA R APO-24
Pﬁ&g&‘ﬁltaf ¥R@Se %@é@%b@élﬁé’d by ft&eeHl Einkd g @ poWwasHesh'0 B 4 h to

neutral wth deionized water and dried in air at
1206y e aneltenielntef ageat, 2 SAPO-34 nolaenlacticse hayiaganiggepores and

obt ai ned. Aft i ned t e raw t

RCSOPEFRSV et I, tal”é?é)%z;]leemﬂa o way I\@S\%ﬁ }gfeecgﬁﬁ)oapatztlex% was
n sitadh@®eneen that th

CLRR e T e gpg sl by s

isnrfeteof tubinarydials SEMIBAA -G saaple mpsmongh-Fi g. 2. |t

can be seen that the surface of cubic crystals of

MSP34- 3 sanpl e was rough. i0 Exanple 5 Gauged raw
mleiiglss were mixed in a certain sequence in an

initial gel nmol ar proportion of 3.0 TEA: 0.6 Si02 :
P205Gaugd 68w : m&eriklBOverelmxer {ITa certain sequence in an initial gel
tri propél am ne

o Sy SERG By B SENSI0s 4B Oty - PRIY 516, (1=

F%Zdﬁéiﬁlw r%g?aﬁﬁé\ frpREp MhinGdd/npb ) amShd= 1C 8), 984 all the
content 1s pseudobochmte (A1203
(rawt m@materiass U@deexfa@ﬂémﬂalpﬁlm%mr@) aiicd sp 34 content is 30 wt

Ggout ent A e

o et S5l ey APl BT BLRF oy RO po
&%]Eéxﬁ ils 'W%W/J)hAP?éWW%E riafhb@raetificese stindhgeloaded into a
ealed and heated to 200 C, and under autoqenous

ptziakass stech synibetio setle kned 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 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



20 crystallization was perfornmed for 12 h. Then a

solid product was separated by centrifugation, washed

to be neutral with deionized water and dried in air at

120C, and thus a SAPO 34 nol ecul ar si eve was obt ai ned.

After calcined the raw power at 600 Cfor 4 hto

renove the tenplate agent, a SAPO 34 nol ecul ar sieve

havi ng m cropores and nesopores was obt ai ned (the

nu r_ 25 was., VSP34 he X t ot
D585 5 st SR EhrpRe il SRy T Elsgrtlod, Baragterigptipn to

H‘E&{sgré s 8PEcineSsusRWarkss Bhd - the.poré s@ralﬁttbes sfahethalecular

surface of cubic crystals of I\/ISP34 4 sanpl e _was

rsoesgh. Bhe itokeem. acsmmqﬂrensetl@mmed dheprasepaie WSHM@% were

VEP34- -3 4
§hwmel%§§$e%taé@‘ fhs SpetrhS b G4 f%%r?y%%scg& ?géeor? AR were
HFACTETARAL Ofhd Fbsuﬁ?’ﬁcﬂ!’:ﬁe& hﬁat%@@ah;ﬂeéSMS}la}l‘e -3 and -4
areas and the pore structures of the nolecul ar

diadve snesSherendistrigeionaabenept W3%6t3@mﬂ¥% haddwondifferent pore
nMesopor e glstrlbut ons _were

s‘bé‘é‘ie?qr% 0 Gr’?'ﬁcfg’da s regﬁactmiy Oigf:? en{FSPB ‘e volum%s é)lﬁhe three
Sa%q]eé &J@@b@ é%%@ J. ﬁzﬁuhfﬁg ké&@b@t@&eﬂ? t hat t he -

Z2,7-3 and -4 had a nesopore
distrlbutlon mhereln M5P34- 3 sanpl e had two different
por e

i t d 3 t
Do Tale uhe ke e Syridre pas ANt i SRRE Chiuhi oyl Samples

"’Wd 0. 14 cn8/ g, E%éﬁ)ces{;rrfécé/aﬁéa)(mz/g)o Tabrk@ro%o J&ﬁlm@Derﬁ:dscfpbr@ volume®
su-r—ﬁaee—a&eas—acﬁfr—t—he—pﬁfe—vm—mo sanpl es No.

speci fic surfacesgrea (nMR/ gjmepLr opore {col/gime  nesoponé)
volumeb  SBEr Sm cropore (cnB/g) (cnB/ g) SP 34 530
58640. 27 0.02 NMSP84-1 584 53¢ 0.26 0. 072 VsP34-2 656
5%%38 27 0.09 MaR34-3 518 444, 0.23 0. 065 ,dVEP34-4 60537
4 23 0.14 a: Calculated using t-plot nethod b:
Gatmgubat ed using @dH nmet hod, sthhe cunul at 9% desor pt G

ore volune in a ran e of
pMSP34 3 9 474 0.23 0.06

MSP34-4 603 467 0.23 0.14

2 Calculated using t-plot method

b. 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



15

2-50 nm 15 Exanmple 7 The sanple with a nunber of
M5P34-1 obtained in exanple 1 and the sanple with a
nunber of SP34 obtained in conparative exanple 1 were
cal cined at 600C for 4 h under air, then pressed and
sieved to a nesh 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 reaction eval uation. The sanpl e was
act i vated at 550C for nd then
PERCEAS: f&ﬂﬁ%@@%ﬁ%&?ﬁs H}en%e ‘5"?%%“8@ U Pae
carried by nitrogen gas wwth a flow rate of 40 rern
and the wei ght space rate of nethanol was 4.0 h-1.
‘B)mmpdaé&ti on products were anal yzed by an 10 on-line

gas r omat the t iy ﬁ
L SARLRE AL B0l (RS MR OURED Johote 3
@.nglnd 4 »Ocl,%%attsﬁed Bt @@@r@plf@r Bh urhle# abicheln ;mmdmidcswmﬂ toa
at 600C for 4 h under air, then pressed and sj eved

anestesfi20f- 40740 ¢ of @ sgmple avasarpebedasd ierdadenta s ixed bed
| oaded into a fix react

FEREPT o U Whtd sﬂf‘gtﬁ%%%ﬂwﬂ dlald 2R 5%1 s @’a%gévated .
fsfsf ‘@ uv%eﬁna&tlh%ugmg HlirbEOY@as gad thsd rebesed to 450°C to

uced to 450C to performa reaction. Methanol yas
qmrfdreda byaatio Meﬂhagdsww chrrieds lP)o\Wltr%eél s pghgptlow rate of

m | %l%%ng%éég? (.yﬁelggtr acx%ter,vg)?én%}]x yze blyo\gﬁls ﬁte reaction
O;S‘ro hgt? \9%% %%@HHB%@BH - 13fedodshehrbastddrapinvané the hawits were

I'e 2°The reaction results of nethanol
tstho@tl'remmmiler t he sanpl es* No. SP34 MSP34-1 MSP34-2
MSP34-3 MSP34-4 CH4 2.87 2.63 2.53 2.41 2.31 C(C2144
49.96 51.69 52.28 52.58 53.34 (C2H6 0.64 0.55 0.72

0. 6479y49 ThSIKicfn ISsubd FmBafs 133iefthshet the Chifiles”

vJU\JUUUUJUUUUIL

No. SP34 MSP34-1 MSP34-2  MSP34-3  MSP34-4
CH,4 2.87 2.63 2.53 2.41 2.31
C,H4 49.96 51.69 52.28 52.58 53.34
C,Hs 0.64 0.55 0.72 0.64 0.49
C;Hs 34.13 34.85 33.98 33.79 34.10
C;Hs 0.98 0.80 0.65 0.69 0.72

Cq4t+ 8.57 7.56 7.85 7.76 7.94

Cst+ 2.86 1.93 1.79 2.13 1.09

Cet 0 0 0.20 0 0
SC,-C;- 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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C4+ 8.57 7.56 7.85 7.76 7.94 (C5+ 2.86 1.93 1.79 2.13

1.09 C6+ 00 0.20 00 YC2 -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) selectivity when net hanol conversion was

100% 11 We claim 2. A SAPO 34 nol ecul ar sieve

havi ng both m cropores and nesopores, characterized

|n that t he mesopore di aneter of the nolecul ar sieve
eol}®: 5 nm and the nesopore vol une thereof is

O 03-0.3 cnB/g. 3. The SAPO 34 nol ecul ar sieve

according to claim1, characterized in  that the cubic

cryst.ah SAPOase rmcbleclhﬂer stevechavang $iodly enicEoRaseyANG fMesopores,

br ok 4. A t hod f th
ol 6 asterit s b R Bied A EGe LT R 8! e e ebplar sievs is 2-10
'” trﬂﬂtanhfth@}rmébﬁg?ewmeuﬁ@@oﬁﬁ Ros@PpLatk. agent and

0 pore size fier is added into a synthesis
gel .3.5Tha I8 RO +Bdhewileculat siode a@@@dm@go CRIE Aj ﬁh&gacterlzed in

characterized i at t i.ncl ud

flpaty @%Halcﬁrgi}gpsxg?ac&rpfht% mng C %r mng({su r%égl%x B broken.
syntheai g rﬁgeéé%t%ﬂ)d"mreﬁl@ SA PE)-84 emiosecul @1 s‘i‘d{/@taedOrdmg to
15 b pyre size nodifier is added into the initia

@%mnlxthanecmbnzad nadhamtnesh)dpma)e gndsesk a5 pdgmplate agent and a
sufficient

ur.e talned in step b)
i@rgéﬁﬁéﬂo%‘%‘&r Jég BB’ a @@E?Séf BF2ation tenperature,
and a {peranaid ﬁleﬂ{dﬁsﬁé’ddr&l%@ ioPBlaih peciapadredzedindehat the
aut ogenous - pressure; after the crystallization is

anembdtiedudes ﬂmlﬁodioﬁ@ng)st@puct is separated, washed to

ol coup el Ee] Sabira e B TR ALy hduy e Heve i
e oo o amove the. or gani cs. cont ai ned |

the bptAepbed sizandodifier is added into the initial gel mixture gbtained in

step a) and stirred sufficiently;

¢) 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,05/A1;0,=0.5~15;
H,0/A1,0,=10~100;

12



SAPC- 34 nol ecul ar sieve having both m cropores and
nmesopores i s obtained. 25 6. The synthesis nethod
according to claim4, characterized in that the oxide
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/ A1203=1 - 5, wherein TEA is triethylam ne;

T/ TEA=0. 017" 2, IR T is the I I Eﬁ%ﬂ. er. 7.
The synt hesi s ﬁfg‘ﬁggzg’ﬂor}’ Wg‘efeggtﬁfiﬁrlr%ﬁf b%ﬁé’
char act er i zeg/Tigp 10161 ~SRivsherdiareissthe por®siize inesdifisr. one
or nore selected fromthe group consisted of aqu

| QusS .
5 anfobha sythesiametthyd ammimgnt@mlgmd@haractenzeg in that said
di et hyl am ne, tripropyl am ne - N- propyl am ne:
OBt oFS TR T TR SUaAT Hacced g g BB S stpd of aqueous
E%UB%} Rer8 iyl dmnldiBusy Hyldestige Teiibibglagiee diripgopydamine,

aim characterized in that the crystallization
tdirperatylaminen stpppylpmise,100b2Gdanineg gyclphexylamine and a
synt hesi s mfat hod according to claim4, characterized
i RIXTAES therpet. crystallization tenperature in step c) is

160- ﬁ?‘i*ﬁe sgthe'ag S¥daesd orakhedcians of, ditgadterigddimmthat the
4, charactéerized in that the “crystallization tine in

sdr¢ptatl)zation Gerbperaio i step@.) iTh@0-gy9Aithesi s net hod
according to claim4, characterjzed.in,t -

cr ysdal Nt AYnLhesis Fﬁé’quﬁagﬂ‘toé €) %OI gﬁ?ﬁg %%iéfgﬁﬁdé% that the
0 fif, B SeHbarani 8 @tepGg &8 dopasbec ol ai m 1,

characteri ze n that the nol ecular sieve is used. as

a caballst syhorestshmettoml eccsirdimgofo claipgbnchasaetanaehdn that the

conpounds. to. | ower ol efins,
crr;gtalllzatlon time 1n step ¢) 1s 03~ 11090 h.

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

crystallization time in step ¢) 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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