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SAPO0-34 Molecular Sieve having both Mieropores and Mesopores and
Synthesis Method thereof FIELD OF THE INVENTION 5The present
invention relates to a SAPO-34 molecular sieve having both micropores
and inesopores, and the mesopore diameter of the molecular sieve is in a
range of 2-10 nm and the pore volume thereof is 0.03-0.3 cm3/g, as well
as the synthesis method of the molecular sieve. The molecular sieve
prepareSABOhBMEtoctiln nSidvie htinei ogthlytisditheprowsarsidiiesopores
reaction of io oxygen-contajni m to,lower olefins.
BACKGROUND The ﬁﬂé?ﬁ%?ggﬁ?gss%%%%%%ggﬁe molecular sieves
having double grade pores of micropores and mesopores have
incorporated the pore advantage of Is mesopore materials with the strong
dtiBielprobe i BANMENIEHRY drothermal stability of micropore molecular

sievs ad made both of the materials complementary and cooperative.
Furth SHRGTESSHE POTEHHAM AR And B A brE5ey 4T U A0S Ene both

t%%%{%%%ﬁ%%ﬁ%@] with gifferrabpere algertionsrad asidicular sieve
property distributions can be prepared by performing an 20 optimized

deribinatiEr oFivaol Sense erraterRIs WatvarFrdRsReYole S dcdut g as well

ac@l@li}?ep&a%&{éﬁ%- b8, sHesessiub s rRRaTatiangrd YaEsalie snsesiethsrepared
moleculdr sieves with multi-grade pores characterized in assembly will
Hawethiwvidecspplicationsperspective isardrsiselas Manrenvarsigpgspction of
8 € ' ' resmMese gmposite molecular sieves
b%%)a%gggt @%%%qﬁg %rﬁ%ﬁgg%%ﬁ O?OMCM-Q%IE% composite material

reported by Kloets tra etc. (Micro. Meso. Mater. 6 (1996), 287).

: erous researchers devoted to this research field and

%WW composite methods of micropore-mesopore

compasite S Iecgl%r_glieegloes(jr@%%%rldiggi{g 1@819%%?@?@\/95 the g‘%ﬁﬁle grade
chara e?igllilcsr?%e MICro re-meso%ore composite molecular sieves °
hpwe: twef tyfiesopfocempositeaopiess( bpaconspopiteattdwioenpaesiabventage of
micropore molecular sieve and mesopore. molecular, si s t

CEIFSORE HOGE e Wi AR GH A Dl e & Aot HpSeBhnermal
mesopeve ofoledutapsievernfienusiovsiasatinglsimaderé;cth evibgudimgaterials

5 structure, or a complex combinatign of both of the structures, , .y
et e s S N DO SR
maissials and heliesdfistabisadiarizedbyotamystitfnmetienalXRIT) wifferent pore
show the diffrac io&gf?aks corres orgljzi%?.to the twgem%er&il%sd, b formine an
réSIREATRRI: 305 SUITIRS Y MDA e hictdpores in amdlecular &

sigvermatariahnabich Abisryirer #o 1€k Raymosita eriadie widiLdigsehent parmensictures
a micropore molecular sieve with mesqgpores, that is, a mic

B S R oA RSB OREP MBS 13 S SRS of the
maleedesMdile doaintaining the sieoperasidinpiopeltr dnd stebifiblphtfié have a

micropore molecular sieve; a mesopore molecular sieve wij rts of the
PGS oD e Ao POREE RO o SR & ol (R A s, éi’lﬂ%@@n%%}m |
whoseramatRligus; YL Wl haveRes bYEodusfb with Adleasy @feves began

secondary structure unit of zeolite, realizes pore walls in a hanometer

ranigh. heepdepaitati veselaMf Mobdss Urepmrnapic s gasd segrisd by Kloets
"PL?atrOg&?'jmlc SChORIOIY"NRZ£2005) %bé}tp BiRROW salhiBg [eREYethumerous

mesopore ropore composite molecular sieves are of the molecular .
simee 20 systalevconsistetiisf siicors arfte Huanid iaY Aoredenaay thecomposite
ML PV SYAlEMLSRORIBIE A alioan: PhRsRIANLS ARAIUTBNRing to the
theré"are’no openeg Titeratur reports because the synthesis system is )
refaffeetyncempléne str®ARO-Ghrnoledstinssitve wae dRUIDSRESPPOS composite
Patent 4,440,871 in 1984. According to the definition of IUPAC on pore

diameter size, SAP0-34 belongs 25 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). sieve having both micropores and mesopores

and the synthesis method thereof. By using the molecular sieve as a

catalyst for MTO reaction, the limitation on diffusion mass transfer can be

reduced or eliminated, the occurrence of secondary reaction can be
Aecraaced and therafore the catalvet life can he B nrolonaoed ac well ac
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In order to achieve the object described above, the technical solution of

the present invention is to provide a SAPO-34 molecular sieve having

both  micropores and mesopores, and the mesopore diameter of the
molecular sieve 10 is 2-10 nm and the mesopore volume thereof is

0.03-0.3 cm3/g.  According to said SAPO-34 molecular sieve, the

surface of the cubic crystal type molecular sieve thereof is rough or

broketular s{é‘famﬂlﬁﬁismewp@iqﬁsadﬂr@éﬂﬂeaﬂddehec(mpasjemqawtieaferixf two

trlethylamln is. used as a tempjate a ent a ore size modifier is .
RS I LT G JE QU SIS PRI UEEE tE i i
$IgRSof cEhAsRtial G, rﬂ'?@‘ib&cf%é}éﬁh@@fh@lﬁﬁﬁ@rémwmwﬁmeve and

sieve is formulated; ore size modifier js added into the initi

R IARALTe BRISREAr wﬁ%’ﬁeﬁ S etifréd SOmEEnRFICUETTRE g%g%eddmg
@l?ﬁ@f&@%@'ﬁ%@ﬂ%&%&@ﬂ%%ﬂ@ﬂ anddpadedie snystaltizatigere, an obvious

temperature, and a thetmostatic crystallization is performed under

semwRsRbSprsiséTansivR BYRRAILAIRITN S5sid s Rndnssaat and

'&@%@@?@hﬂﬁﬁt@%@ l}%,nguitg@,l ang-griesh RS ,Af-syahesiged firaction
SAPO0-34 molecular sieve is obtained.  d) The as-synthesized SAPO-34

petssuRaTEIepershigined thastepcc e aiaiied $AREFH i dve thesomposite of
%%gggﬁrgt%rb@@%&otg&g@aﬁr@ ARk PAP34 MRIREHAT SIRVEhis type of

havi micropore$ and mesopores is obtained. According to said
synthesisanathdel, m@@@detmolanpa@mtmgmﬁmmwmpm ifl&¥Rd With

ﬁ%%%ﬁéé %g%b 'Sy#}‘é Sresrlxqg{é!a Q%V%Qn?r%gﬁééﬂz%fg %@?@pores

203 1-1 -5 (TEA Is triethylamine);
ToEAL00L 2 (t‘]iasctifélpm sibenmledifilss) edoraaipteising Shatsrsisg acidic

X |
eneds 6@*’9&%? oPAIfer g??ameﬁh@%&larsﬁlg&éeqm 9O cular

agueous ammonia, t ammonium 10hydroxide,
mmmmhepanqschfythm|pe<pph:m}wop§/lmmepnrpromflla¢niﬁe sieve, that is, a

Tsanine, cyelphexyiaming b a NG AIRAel/ACER MBAREd with a
HHtiTEss” HAHHG & the crysta Ion tet%perature in step
pnmary or secondary structure unit of zeolite, reahzes pore walls in a
nanometer range. The detailed research progress on this aspect is described in
“Petrochemical Technology” (02(2005)188). Up till now, all the reported
mesopore-micropore composite molecular sieves are of the molecular sieve
system consisted of silicon 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 JTUPAC 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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c) is 100-250C, and the preferable crystallization temperature is 160-230C

C. According to said synthesis method, the crystallization time in step

c) is 1110.5-100 h, and the preferable crystallization time is 2-48 h.

According to said SAPO-34 molecular sieve, it is used as a catalyst for the
conversion of oxygen-containing compounds to lower olefins. By using

the SAP0-34 molecular sieve having both micropores and mesopores

syiihe sizead dnbibih préseqtarasentibmasdpereatatystifers M@ 40 meabidrthereof.
due to the presence of a hierachical strycture, the-influence on diffusion ..
AL T DM 2 AT AREH the BLCLAokiR b L g agion on
rglagtigihaambesdecresked candiberedore thercatdlysinlifie d;anhee occurrence of

prolonged, as well as the selectivity for ethylene a ropylene ca
iﬁ@féﬁé‘?&}’g‘f@%‘i@?%cﬁ)‘tgé PR ﬁ%%ﬁ'}g\%@@ C%Q&?epfe can be
The ¥RB-apesiraeithesSAROsSk syitlie sizeceih gampied, rdpHadstechn be

with a pore size modifier and in comparative example 1 without the
aHHiERFS%t-a pore size modifier. 30Figure 2: In this figure, Fig. 2a, Fig. 2b,

Fig. 26, Bigie2dpichige 28:568the dSEMRN0ie% 0f theesaBmpiRaliRolution of the
example 1, 3, 4, 5 and comparative example 1 of the present invention,

FRIGPETS: IRYRRINGURS, 1y PIRVEAE BigS A Sk theekshaticsiagratagipg both

”E{R%EB&%OJHE%& SIS ARckHResRRBIR FlisTiRviens T the sareplas: sieve
with thé numbers of MSP34-1 and SP34 in example 2 of the, present

insehtldm@dustshiemaseprantr B themsedsHidlid 8 #hihs figure, Fig.
4a an(}\g&”régxg]r?otr%eaﬁf@mgﬂi%@%Q{rngf@@@,ntﬁgs%%@ of the cubic

isotherms and mesopore distributions of the samples with  the numbers
obMSRBRHpe 1Banetlanniexaripie ol ot traighesehtokigdntion 10

(adsor t'%ﬂ%B@”ﬁ%‘e%ﬁz}@ %%h%dD%wg§?4D%§§§:@yON&g wherein
[ON

THE | The present invention is characterized in that the )
syritibyizet BAP0s8d ascldeplaoesmieachiepopbrzpdredibfictepréded into
2-alg) ”%&@9 g mesopore ISvolume of 0.03-0.3 cm3/g.  The present

invention is characterized in that the surface of cubic crystals of the
synthéizédysdre3hetnteculahusiethednlbevrougbtepsroken.  The

present invention is characterized in that tri iNEpis UsEd 233 1 : :
temple?tser}é‘élehqlgﬁg %%Q?%"é?%ﬂ%&if%@%é%%%?ﬁ% aésynthesisegltlalfir sleve 18

2@dheydresént invention provides a synthesis method of a SAPO-34
ggfggﬁﬁgﬁiﬁé’{% hs"i‘%’é”ﬁq%%é’r‘ i?sroe{gcf)dee 1anqg) %%S?ﬁ%rﬁsg@%}Q&re obtained 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 ¢) 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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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: 25 Si02/Al1203-0.1 -2.0; P205/A1203-0.5 -15;
1J20/AI1203-1 0- 100; TEA/AI203=1- 5; 30T/TEA=0.0 1-2  The pore size
modifier is one or more selected from the group consisted of aqueous
ammonia, tetramethylammoniumhydroxide, diethylamine,
tripropylamine,di-n-propylamine,n-propylamine,n-butylamine,
cyclohexylamine ang, ixture the gg% _b) The gel mixture obtained in
step b) is loaded int ‘Z%?é:ﬁ?éﬁ ri:el 19t’oclave lined with
polytetratiuoroethylepgingde) sembed-asgg then heated to crystallization
temperature, and a thermostatic cryst g ation is performed under
autogenous pressurgv@{l‘ﬁ&@y‘s}glﬁii (bzn temperature of 100-250C and a
crystallization time of-5A00 o After-the TR/stHlizRtiop dsrias)pleted, a to
solid product is separated by centrifugation, washed to be tral with
deionized water andldfigd Vs at 220CiS4RA BGE %%W#ﬁ?g d

SAPO-34 molecular sieve is obtained. c) The as-synthesized
SAPO-34 molecular sieve obtained in step h) is calcined in air.to remove

the orjanivs ardte SPEBhastiepataCdictE Wrs SR ity &t one or more
micﬁ%%i)g(ﬁeﬁc?rgdg[ﬁ% | QeSS oRIRIBEd que JREPRaSSTaINeRIABIMAS Mmonium
fi etail belo

escribed in w by way of examples. Example 1 Gauged raw X
nhatérialEiue réiptndanine cararP BEtIBHD ifiah-PIORY FERBemEmropylamine,

proportion of 3.0 : Q2 : , 0:1.0T (T=
n’ff)gc‘)l p{ﬁ;%lrjnqllrﬁl g) ,C%C%ﬁ%ﬁe%@véem%%gr? a?ﬁlljasge% \t/\gégrreba.‘iljéA' (analytical pure),
silica g0lq@idhgantexitlisB0ves bo)npteedidbechiritel (RIOEdRIBRTISITO 1N Step

wi.9%) apd phasphoric acid (113130 IS 85 Wh 0Bl WRS0-230°C.
f&r“éc?@@ ggﬁﬁéﬁp éﬁ?n%“ﬁg%%é? ié{gga{}l ts&%less stegl a%toclave lined i
with 28 polytitrgilvoserthsietiemsitetbedletharraseaitertiopodnes  ignstep ©) is
under autogenous, pressure..q thei IG: llizatho s performed

fo(}' 2 ﬁtbﬁ?&na& sct) i %rr%fl ﬂ%@&v%%?“g;%%ﬁ%%gﬁg%n, washed to

be neutraloniingdetorizé G WARF Bhthdtisniaraieat 1206 Lagdl ahuscatalyst for the
SAPO-34 molecular sieve was .obtained. Aft lci -synthesized
ARIE ALBOBEIor 508 s PR e Mt 2 B .24

moleclar sigug havingABCrdebramlandlatesmyerdsawiag obtdnea ghepores and
number was MSP34-1). The XRD pattern of the as-synthgsi I

WA SR P E SRS SER B BTt owts Rt o MTO
caafeiseenithatithalsurfacecateubic arysiaischiddSPEdcisampie waguence on

rough or broken. 5 Comparative example | . Gauged .ra aterial
e B SEHcS i AR LS8 mar DIBpOEon 81 3.0 TLore Of
0.4-SiQd 2 F205: A8R %2R0k 126 iandall thedralieraddesialseusethlyereifEAan be

analytical pure), silica sol (5102 content is 30 wt %),
(pro¥ongeg, ag well as ‘ghe se(fectgwty or ethye?ene 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. 2c, Fig. 2d and Fig. 2e are the
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in pseudobochmite (Al203 content is 70 wt %) and phosphoric acid

(113P0O4 content is 85 wt %). A gel was formed by sufficient stirring,

loaded into a stainless steel synthetic kettle 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 15 centrifugation, washed to be
remvabwih deibiizedmsiier ianekdrigddn af, #, 20| contphrey SAPOBle 1 of
molecular sieve was obtained. After calcined the sample at 600C for 4 h to

rERR VS TR Y PIH agent, a SAPO-34 molecular sieve was obtained (the

numbeyaias SR34hid figXBDrpatearafithysdinple was stiowmircRiggrams of

and the SEM photo thereof was shown in Fig. 2. It can.be 20.sgen t -
ek R WS e o EHat S T (PG AU Wit ot P i
syfaceEpanrle RShesample WitBa nunekenel SR thohiaireat innvention
example 1 and the 25 samEIe with a number of SP34 obtained in

coraparativa BxamhpraciueE $08iReEEd to a nitrogen physical adsorption
Chafaﬁg&@tiﬂ%otw @ the sneciligspifacmaiaasand tgnacike diagrams of
structures of the molecular sieves. The nitrogen ad%)o‘éftion(i&ﬁ) erms and

. sot .
titesopelecEinpUsSHe RFASHONRSAPEIG, SiSHEPHIPEREHRS SHEEICS With

argas e Rgre Maldmes wergrshowninekaklg1304. Jiheneegitisent invention
in{gll%art%%qﬁw%?SP% sample had no mesopore st?ucture and the specific

s(atirreptioa lind puvecholiie mrthshwere all produced from the

contribution of the micropore parts. MSP34-1 sample had a mesopore

in a ceftain sequ ncig%aé‘@g&%@%%qgmgtessgrﬁg&;z@da $itPO-34

- 205 KIZ95%°50 1 (T=aqueous ammonia), and all the raw
mateliais] useibwe e BAnapaiticapputel 0aiRic R 5ol (SHEBMBAt i BESOPOTe
wt %), pse ite {Al203 content is 70 wt %) and phosphoric acid

(1Y§? %#ﬁt@%’ﬁg g W/%%). A gel was fonned by sufficient stirring,
loadedTihtopaininiesestas atbtiaadiriiidiisIjeranieresthylehe crystals
inside, sealed and heatgd tg 200 nd u FADMS Hre3eEs:. @
th@?drﬁb%tséﬁglﬁ%tea%g%[?% %ﬁgén ggﬁ%ﬁr%géq%f?yh%S Then a soiid
productwasaeparaied:hii eentritigatioreriwededthabér ieshyfaring is used as a

deionized water and, dried in air at 1 and . PO-34.mpleocular
SicTRRIALE RS S99 ARV E AR ERT le%ggﬁ%pﬁg%%% 6%:%708 ﬁﬁligigegrﬁdve

the templatepagasnts aiSARMDB4 prolddutarasieyethasing mrthegore endSAPO-34

mesopores was obtained (the.number was MSP34-2). X £
h e SS18 8 1 G R SNBSS the SEM Rt P ion

th?)rl%fe\ggag shawimodrig. 2. It can be seen that the surface of cubic

tals of MSP34-2 sampl h or. broken. le 4 55 o
o SR WA RN et SEUIENEA T SApatal e At sieve i

formulated and the oxide molar proportions of all components are:

Si0,/A1,0;=0.1~2.0;
P,0s/AL,O;=0.5~15;
H,0/AL,0;=10~100;
TEA/ALLOs=1~~5;
T/TEA=0.01-2



15

20

25

30

molar proportion of 3.0 TEA: 0.4 5102 : P205 : AI203:50 FI20: 1.5 T (T=
diethylamine), and all the raw materials used were TEA (analytical pure),

silica sol (Si02 content is 30 wt %), pseudoboclunite (Al203 content is 70

wt %) and phosphoric acid (113P0O4 content is 85 wt %). A gel was folioed

by sufficient 30stirring,loadedintoastainlesssteelautoclavelinedwith
polytetrafluoroethylenc inside, sealed and heated to 200 C , and under
autogThe s freRsneo & flerinestatic anpstaititatied Wraspdréagnoug fomsted of

h. Then a solid product was separated by centrifugatio edt :
fslitratRith BEBHIZEY Wafgpgﬁ%we?%mlln S at 120 'yﬁ’g\%ﬁcg@fefor@é%ﬁylam%ne,
36(?1@1}5@43%@@@@ siéve prap plhtained. After-patgiyéahtieeraw powentatamine,
600C for 4 11 to remove the template agent, a SAPO-34 molecular sieve

HaX A R BPBRELRAT MTEEBHSEETFRS obtained (the number was

MSP34-3)nd he XREkpatesbwasahpwetip FBg. lsahshiteel SEM phetriness steel
shown in Fig. 2. It can be seen that the spélrface of ubicrajr%ftals o&‘ heated to
Mgk ERas iR RODGRT H ERFBIE e B Ged AN A HATE SRS

”&g%@aim@a%ﬂa@ﬁ Quanss inan initiakaslbielas pepeitiondba. AsTpA:formed
0.6 Si02 : P205: AI203 : 50 H20 : 1.6 T (Ttripropylamine-rn-propylami 500
tm@y@mn@m@mﬁﬁhﬁesﬂ%,%Wéﬂ%ﬁé%?}h#ﬁ%ﬁf’éﬁ&%%&f&%}%

T @%?%é@&ﬂi;%&%%@&%ﬁ%m%&%ﬁ iR SRNEANiRseudabechnieted, a
(Al203 content is 70 wt %) and phospharic acid (H3PO4 content is 85 wt

osplal gerodusfoimaensy sediclant SeRiEIaRaBd R actaifiels sheyfral with
SMQEG%Y% efle lingdvith aplytettaflorogthylana insideaseplgdaansgd SAPO-34

heated to 200 C , and under autogenous pressure, a thermostatic 20
crystattizhticienassparfarmsed for 12 h. Then a solid product was

separaiegiy senvliaation, wasber{s b neuliat Wit delpizgedvatettep b) is

and dried in air at C, and thus a SAPO-34 molecular sieve was .
obsiieed Afteircicined HeethaopewessatBbe S A QR forraissiamieve with a

template agent; a SAPQ-34 malecular si i icropores and
iyl C?@ﬁ(@é%@%ﬁég@ls@ %’v%%%lgé{g%). The XRD

mesSopores was obtaine
pattern of the as-synthesized sample was shown in Fig. 1 and the SEM

photo thereof was shown in Eig. 2. seentheiihe swriase of subigples.
crystaltf%? R/E%?gi-l Vseanrﬁpo)lré Vva%%fg%cg%?g?oken.} Example% 3%?rhe P
sainptagwith numbers of MSP34-2, -3 and -4 obtained in example 3, 4

and 5 were subjected to a nitrogen physical ad jQn Fization tQ:
oas AR TR NS 3 SOl LEHAEAC Fr ol iRial el

meletiasrsigpeinnl bé BiOCHEA adsdr(Rioh isBtermsidrasthehébsperé.0 T (1=
distributiopns were shown in Fig. 4 and the specific, surfac a &1
ST e SN i e eSSy Ipeo R TS puc)
samRies M BR3Y-2onBants-3thad % nesopdrbatibtribietiohlythereitent is 70 wt %)
MSP34-3 sample had {wq different pore diameters of 2 nm and 3nm,
redPecRIORPBERE n?éé%pﬁﬁgg/éﬁjrﬁ% RN t %ee“gamo le§ vv%frge 8’6@%%% ?y
a%ﬁﬁ%ﬁm%gfﬁ%%peqwa% toihebleal Fharspecifisiseifapetactaearithed  with
the pore volumes of the samples No. specific, syrface area (
mi@@bﬁ@f@amgm%tmé%%o@%}émm@@%%ﬁi TEELEE RHL | 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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SBET (cm3/g) SP-34 530 530 0.27 0.02 N4SP34-1 584 530 0.26 0.07
MSP34-2 656 546 0.27 0.09 MSP34-3 518

and mesopores was obtained (the number was MSP34-1). 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 MSP34-1

sample was rough or broken.

Comparative example 1

Gauged raw materials were mixed in a certain sequence in an initial gel
molar proportion of 3.0 TEA : 0.4 Si0, : P,Os : ALO; : 50 HO, 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;POq
content is 85 wt %). A gel was formed by sufficient stirring, loaded into a
stainless steel synthetic kettle 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
sample at 600°C for 4 h to remove the template agent, a SAPO-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



15

20

25

30

474 0.23 0.06 M5P34-4 603 467 0.23 014 a. Calculated using t-plot

method .b: Calculated using BE-I method, the cumulative desorotion pore
volume in a range of 2-50 nm 15 Example 7 The sample with a number of
MSP34-1 obtained in example 1 and the sample with a number of SP34
o_btained in comparative example | were calcined at 600C for 4 h under

air, then pressed and sieved to a mesh of 20'40. 1.0 g of a sample was
weighgad anstieadeetintend fixad bedusactirechmesd alit privipced from the

reaction evaluation. The sample was acti 50C for 1 h under
REBEETEAs aRl tHéh FRIRICESH %&'tc\ﬁ%tgrgc%ﬁﬁa ?gén&}gn.hﬁé;thgan%jlesopore

Was SeriRs Byinitrogess apsrwithra tounteter aff4D Iniminnginal thesursightyolume
space rate of methanol was 4.0 h-1. The reaction products were analyzed
&R0 b8 gas chromatograph and the results were shown in Table 2.
Example The samples with numbers of M8P34-2, -3 and -4 obtained in
example 31, 5 4 and 5 were calcined at 6001C for 4 h under air, then
pressepladd sieved to a mesh of 20-40. 1.0 g of a sample was weighed

and 'Q?ergeﬁ‘%@vf%%%’eﬂ%% (GRCIOKIR AT QUEGMEQ¢gastion in an initial gel
eyaluatlo . The sample was activated at 550C for 1 h under, 51 uci
nitrogerpgasoaridrthen & TN 145600 peAdm Atédetion Mthann T (T=

AP o e onses! b mieimotisymayr)
silica sol (SiO; content is 30 wt %), pseudobochmite (Al,O5 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 sample 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 MSP34-2). 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 @ ALO; : SO H,0 : 15T (T=
diethylamine), and all the raw materials used were TEA (analytical pure), silica
sol (SiO, content is 30 wt %), pseudobochmite (AlO; 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
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products were analyzed by an on-line gas chromatograph and the results
were shown in Table 2 Table 2 The reaction results of methanol to olefins
over the samples+ No. SP34 MSP34-1 MSP34-2 MSP34-3 MSP34-4
CH4 2.87 2.63 2.53 2.41 2.31 C21-1,1 49.96 51.69 52.28 52.58 53.34

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 therefore a SAPO-34
molecular sieve was obtained. After calcined the raw power at 600°C for 4 hto
remove the template agent, a SAPO-34 molecular sieve having micropores and
mesopores was obtained (the number was MSP34-3). The XRD pattern was
shown in Fig. 1 and the SEM photo was shown in Fig. 2. It can be seen that the
surface of cubic crystals of MSP34-3 sample was rough.

Example 5

Gauged raw materials were mixed in a certain sequence in an initial gel
molar proportion of 3.0 TEA : 0.6 SiO, : P05 : ALO; : 50 H,O : 1.6 T (T=
tripropylamine+n-propylamine, tripropylamine/n-propylamine=1:1), and all the
raw materials used were TEA (analytical pure), silica sol (SiO; content 1s 30 wt
%), pseudobochmite (Al,O; content is 70 wt %) and phosphoric acid (H3P04
content is 85 wt %). A gel was formed by sufficient stirring, loaded into a
stainless steel synthetic kettle 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
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
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C2H6 0.64 0.55 0.72 0.64 0.49 C31-16 34.13 34.85 33.98 33.79 34.10
C3H8 0.98 0.80 0.65 0.69 0.72 C4+ 8.57 7.56 7.85

4 and 5 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. 4 and the specific surface areas and the pore volumes were
shown in Table 1. The results indicated that the samples MSP34-2, -3 and -4
had a mesopore distribution wherein MSP34-3 sample had two different pore
diameters of 2 nm and 3nm, respectively. The mesopore volumes of the three

samples were 0.09, 0.06 and 0.14 cm’/g, respectively.

Table 1 The specific surface areas and the pore volumes of the samples

No. specific surface area (m*/g) micropore volume — mesopore volume”
Seer Smicropore” (cm’/g) (cm’/g)
SpP-34 530 530 0.27 0.02
MSP34-1 584 530 0.26 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

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



7.76 7.94 C5+2.861.931.792.131.09C6 000.200 0 1C2--C3 84.13
86.54 86.17 86.37 8744 Life (min) 180-200

on-line gas chromatograph and the results were shown in Table 2.

Example 8

The samples with numbers of MSP34-2, -3 and -4 obtained in example 3,
4 and 5 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 introducing 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 on-line gas chromatograph and the results were

shown in Table 2.

Table 2 The reaction results of methanol to olefins over the samples

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

Cyt 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
SCy,-Cy 8413 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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240-260 260-280 240-260 260-280 15* The highest (ethylene +

propylene) selectivity when methanol conversion was 100%. MC:31.1.P

12 We claim: 1. A SAPO-34 molecular sieve having both micropores icspip
and mesopores, characterized in that the mesopore diameter of the

molecular sieve is 2-10 am and 5the mégopore volume thereof is 0.03-0.3

cm3/g. 2. The SAPO-34 molecular sieve according to claim 1,

Nareled@rized in that the cubic crystal surface of the molecular sieve is

rough or broken. 3. A synthesis method for the SAPO-34 molecular

sieve according to claim 1, characterized in that triethylamine is used as a
template agent and a pore size modifier 10is added into a synthesis gel.

4. The dynthedls Wﬁ%é‘%\é’&%‘%ﬁﬂ@ﬁé@ﬁnh@{leﬁa]i’ﬁg?eﬁ’ié@m%ﬁ mesopores,
method includes the following steps: a)An initial gel mixture [or ..

ynthe SEIRFSRERS AbRE A1 BV SRR L0 RI5HM ot g 2-10 nm and
modifier is added into the initial gel mixture obtajned in step a) and stirred
sufficiefitymesonorer kel waethisierd s tlidd |Ff%l/e% b) is sealed and

heated to crystallization temperature, and a ther ,ostatit} crystalljzation is

performd undeiavtigentt R piesdde steyfar SRETNG Jafils4hon § aracterized in that
completed, a solid produgt is segara‘é(%d, washed tg be neutral 20and

dhequbiqginiel surieant dray E S YHdTE Rk bbtained:

d) The as-synthesized SAPO-34 molecular_sieye obtained in step c) Is. i
calcinedin air £b SEHIL tREBRYRT gﬁﬁ éﬁl 8"?‘??3’&%‘%1?38 ﬁamg to claim

SAPO-34 molecular sieve having both micropores and mesopores is . .
dbichakagterized in that triethy?amqge 1s usgc] as aptemplate agent agc(l) a pore size modifier

is added into a synthesis gel.
4, The synthesis method according to claim 3, characterized in that the

method includes the 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 ¢) 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.
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MCSLLE 13 5.The synthesis method according to claim 4, characterized
in that the oxide molar proportions of all components in said initial
synthesis gel mixture are: Si02/A1203-0.1-2.0; P205/AI203=0.5-15; MCSLLP
5H20/AI203=10-100; TEA/AI203=1-5, wherein TEA is triethylamine;
T/TEA=0.01-2, wherein T is the pore siz&modifier. 6. The synthesis

method according to claim 4, characterized in that said pore size modifier )
is onedor morel S&ledesiomathe ety EaRdR Y BrhshaBGeHAshBniat the oxide
10tetramethylammoniumhydroxide,diethylamine,tripropylarnine,

B RIBYRINORE Oh HHSOYIRRTRRS ﬁubiwﬁ?ﬁiﬁlewgfoﬁ%%@\émﬁ%fsﬁbea

mixture thereof'. 7. The synthesis method according to claim 4,
characterized in that ﬁﬁ@%ﬁ/&% ﬁlzz(};\%iﬁ%‘(?émperature in step c) is 100-250C.

8. The synthesis method according to claim 4, characterized in that the
15crystallization temEé%ﬂ‘fr&%?%ﬁ)”&)sis 160-230C. 9. The synthesis
method according to clair)w 4, characterized in that the crystallization time

in step c) is 0.5-100 120 Aié(.j‘ﬂ'ﬂgN hesis method according to claim

2011 The SARO-34 IR A BTG adLa G s S AT Aiterized i
it h molecyt et Uocd 25 2 e or e SonyEgn

6. The synthesis method according to claim 4, characterized in that said pore
size modifier is one or more selected from the group consisted of aqueous ammonia,
tetramethylammonium hydroxide, diethylamine, tripropylamine,
di-n-propylamine, n-propylamine, n-butylamine, cyclohexylamine and a mixture thereof.

7. The synthesis method according to claim 4, characterized in that the
crystallization temperature in step c¢) is 100-250°C.

8. The synthesis method according to claim 4, characterized in that the
crystallization temperature in step c¢) is 160-230°C.

9. The synthesis method according to claim 4, characterized in that the
crystallization time in step ¢) is 0.5~100 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.



