Sol ot her mal synt hesi sprocess of SAPO nol ecul ar si eves and caf al
prepared thereby Technical Field 5The present invention \muﬁm%‘“@ﬂ
process for synthesizing SAPO nol ecul ar sieves. The pr ion
also relates to the catal yst application of the above descri bed'faterial in
conversion reactions of oxygen-containing conpounds ol'e
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10 Background Art Since a series of alum num phosphate nol ecul ar si eves
and derivativg [
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nol ecul ar sieves and the 15 heter N Lputed derivatives are
continuously one of research hots%%ﬁteri al field and catal yst
field. This kind of SAPO nol ecul ar sieve synthesis technol ogies are
characteri.zed i.n that,a silicon source, an al um num source, a phosphorus
source, an—ée‘i?"é??%h@ei‘%rrpl_ ate agents are enployed in the synthesis, and the
structyral urife AR f + - nd_Si.02.20 t edrons. Anmong
this kind of % gie&?ar g’iégggg,regg%emn%% goc%ﬁF%forsﬁM%slﬁggi%ﬁ g)h%{’i‘?%’%grous
struct ur e siends. as SAPO 34 have been successfully applied to the MTG MIO

- processes and_so on, and show excellent catalyzing performance. The
synt hesi s of SPOreRsnkémyention alse rglates 10 the satalys) spplicationtafctheaabas

process, i i b i .cont bnuous phase .and the main
sol vent , adr%\é@hga mo“é‘?lrag‘ g‘? |C§ﬁ§%5693} ‘E?BSPSH%PBgﬁ}’%elgﬁ{)ﬂéﬂflggﬁ%go%{f) i's
gener al | y logr g@bonhsiefisg. The synthesis results in a | arge anount of waste
liquids which are difficult to be utilized, increasing the |oadings of
“enviroWnental treatnent. Meanwhile, the synthesis process has a relative .
| ow yield i.ch is.generally 30 less than 80% This is mainly due to the
fact that %‘é‘%PHEQr@&r formed by the 1 synthesis raw materials has a
relatively higifios ol ubiks lof agﬂihﬁnﬁgga%gwma&&r ieved Al BerfOatRvel? 2S

an exanpl e, SAPO is a chabasite- nol ecular “sieve, havi ng
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certain range, generally n(Si)<n(P)<n(Al). The framework thereof is 10

conposed ofyndhesis technelogigs arpoharactsrizadelnr that 2 silieerisourde; @a alumisumt
bonds of [Al-Q- i-0-Al ] and i-OSi], ar resent, but no i-0-11
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synt he#fi s tetiabedensarAmeng) this dind sofimelecalasisiévasn ssme roleaulahn osigves us
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Preferable silicon source and um num source ‘are silica so
boel uni t e. perfioapamgeus source is general |y 85% 20 phosphoric acid. The
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| ess than the Iﬂ_é amount  of Wellt er, glnd as the anpunt of the tenplate
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Vet er ol s, SO00T 495 EKech BntRlihe, the' 1adihE0 SRR iRt
RHO- SAPO nieaawitile, the synfishapiotgsa habi@ felatiesiow wibtdGHIER ik gehefaiBd by
connect i nglga aﬂgg wﬁ;ﬁl_gh doubl e ei ght -nenbered rings, belonging to cubic
crystaf? sy F%ﬁ} 8- nEhigds mainih Aee to dhe dagthatithst presursos forged-biethser ed
rings, having an opening size of 0.36nnx0.36nm In 1973, Robson, H E. et
al. firstly reported that a silicon-al uf num zeolite nolecul ar sieve with a
RHO structure was 5 synthesized using Na+ and Cs + as structure directing
agents (Adv. Chem Ser., 121, 106-115). In 1987, Rouse, gmwlmmmﬁm
reported the discovery of one kind of natural ores havin re (N
Jb. Mner. M., 1987, 433-440). Henceforth, BePO (Stud. Surf .»cf@b+ Catal .,
1989, 49, 411-420), Al Ge0 (M croporous Mesoporous Mat., 1999, 28, -154),
BeAsO (1991, Nature, 10 349, 508-510), and GaSi O (J. Phys. Chem, 1995, 99,
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‘a dr.y gel synthesis process without the participation of surfactant (see
Chi nese patent application No. 200910169329. X). For the hydrot her mal
synthesis 20 process with the participation of surfactant, in one aspect,
because the synthesis process enpl oys water as the continuous phase and as
the main solvent of the synthesis system a |arge anount of waste l|iquid
difficult to be utilized will be produced after the synthesis, increasing
t he | oadi ngsmthésmmrwrmmﬂatsdhasta edtively ,hlglnsblmblliﬁyhﬁrthb&qdeoﬁlshﬁ)lﬁﬁﬂhheS| S

process enpl oys .t.he tively expensive surfactant, increasing the
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and the obtai ned RHO SAPO 30 nol ecu] ar sieve_ is generally difficult to be
separ at®d erassinghanae reswh %ghth@g}?(&ﬁ@%ﬁﬂs&}?’ﬁ‘@rﬁgm andctheseagel i zed
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Di scl osure of the Invention An obj ect of the present Invention 1s to
provi de a ff Bﬁb%P],dSl-Q'ﬂﬁlﬂlesﬂiSh@-S Fee e send) but 0 [Sie®-Pbomdsvetikier mal
systens. In order..to e (described objec the, pres

invention 15 e gf/%n ﬁ%“?dﬁﬁlﬁné‘%‘) geulan Sigye Js; geRg é‘npr%ﬁﬂfefjhgﬁ énpl at e
agent s of hgrotiknih ﬁmbs@yp% § SwhICH QiRs et 86 B! ABIveAr Cufl®! fROU! ar
sieves in t presence of small anount of water. Specitically,

present i noemduased j m asealed antaxihvetTher comhpeyerith foi ﬂxemwmeeés 06mpfis®an

nol ecul ar sj eves, ri SI the foll om’sgg'synt hesis steps: 20 a) an
or gani & anfiEINYH é‘P FrF’n% freg, &, % SQWigec a termplate iagent, sodr ce,

and wat er r =30 - . 0. . 0.01-1. Q. :

and vater BRIk PaRRon Gk iy belhoreh o A0 il aflic sl

si eves, vxhemélmrtholsﬂloatd aster.aThe abimimirersouecd htayobgaittive adluifina,Spde@dd t han
2.0; t he j| |t| m xture obtained in the step a) is rralntalned
at 30- 60 cbo%lﬁa 1850y aiwnmwnnsr afevable silicensouremand, ahuningym soursist ai n
an initial

crystallize llcﬁéogﬁh%? b?eﬁ‘gﬁteaggmépﬁ‘%{%né’%‘?%it&g r‘ﬁ%%‘i%sés d’f t he

presento i nphﬁiphvm bRl I'Fhéltéinp‘rhﬁét ugéhtl aoﬁmorﬂzeﬁ@é&td r‘?éessfé%‘% hiecul ar -

sieves may further conprises an organic 30 alco |o of
t he organi BMIRHEM hb)’@lcwﬁehun("gﬁ ) theornhﬂhmphor(MOR)ur cpiperidins; | i con

0551 o bpBioffagidh “GREpNPR], Ridhylitnind? (AT, alReviEngne: BER), (e

pr esent lndQﬁbP l&m1h89aﬂ83ﬂh@rhl£@tahﬁa0ffnn&b§éﬂfe9@6¥C ami ne/ water is |arger
than 0.51, preferably |arger than 1.0, nore 5 preferably lager than 1.5,

m)st P ][ ef e [) abl In ﬂmg@ailtlloaal hydrothcmhalesly?;lthd:m OS(S(AP(DI-”M abe ngolar(rjmn()ﬁmO 24
prefera 0.5-15 an rystallization, 15 days
pr ef er &bl y© Hl:;e gEgRC limifg 4 o%%?é% t‘ﬁé‘@?‘ éthy %ﬁSﬁeﬂt ef Jolater
conpri ses t
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product of step c), to obtain 10 as- synt SI eves’.
_ ghehal umi nbnﬂsoﬁﬂmepmdﬂdt yield Iagdmrys;aﬂhutynd@cltrbama @r:ﬁgﬂegf%spfseelp?fﬁblio

oehm te, i um i sopr i de a num hydr oxi de, al unmi num
chlori de, i M%@W@Hﬁ@@kﬁmgs M@@FU?‘S ?ﬁakseb}“(ltﬁe“éﬁésphor us source
used is any on h hate
15 and a phosp genoeﬂfiéa E)ﬁ?éﬂqu?‘gg?ulag%ie&%f ??E@ﬁgég’&?g%&gg@gmg any one
of silBea havingea RHOoframesvdrkcsthweturehist formeddon cohaedtinga b kapiel ithrouph a

m xture thereof; the organic amne used is any one of .an organic primary,
secondary, and tertl ary amne or a mxture thereof, conprising any one of
nmor phol i ne, piperidine, isopropylamne, triethylam ne, diethylam ne,
di -n-propyl anm ne, 20 diisopropyl am ne, hexanethyleneinmne, N ,N

, N, N-tetramet hyl- 1, 6- hexanedi am ne, and N, N-dii sopropyl et hyl am ne or a

m xture thereof, and preferably any one of diethylamne, triethylam ne,
mor phol i ne, hexanet hyl enei mi ne, and N, N-di i sopropyl ethyl amine or a mxture
t hereof. The organic al cohol used in the initial mxture is any one of

met hanol , : :




'25 et hanol, n-propanol, and i-propanol or a m xture thereof. In the

synt hesi s of SAPO nol ecul ar " si eves, especially in the synthesis of SAPO 34,
SAPC- 18, SAPO- 35, or SAPO 56 nol ecul ar sieve, the addition of the organic
al cohol is mainly for the purpose of suppressing the formation of inpure
crystal phase, thereby ensuring the re-productivity of the synthesis
process and high purity. 30In the present invention, the prepared SAPO

nol ecul ar gj kS .an ne of. S 5, ..SAPO- 34, SAPQO- 11, SAPO, 17, SAPO 18,
SAPO- 31, éfé@igﬁ’gﬁéﬂﬁ T e@%ﬁﬁ&é&%&?‘%@%@’%, Systempaps he@majp 5

m xture t i . i In9%n Eaid i Egi&’%j ynt hesi s
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ef fect of ahls3Gnmy¥esénns. In E973,cRebsory, thcEeasteal. hirstlyy s¢portechithyt af t he
product,

whj.l e i mproving th i l?flig' The synt hesi SAPQ nol ecul ar
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materi als and synthesis i)recu_rsors are difficult to be dissolved in the

or ggni ¥ am4d, 544e16), Ganhe)- ftlyso Chesas, 119950 %eﬁgﬁéa%aﬁz‘)rmﬁhw@fgel
Pl uta pr oceeshenBdHO Yol bike SREcoelBling8Rga Wing 1B Bhadrs 31 ng

per formancg itk ishRiclirenairetting® -adefits. InC 2998 Fieﬁg, peag! iePrh]. réé:[%rt&i“'%ﬁ?é’t' e,
with the prepared SAPO 34 herein, as conpared with the SAPO 34 nol ecul ar

si eve prepapAPORES, aMeAPCHRHYr and eMrsAPOYRHER sirolenudar ssigveshewereact i on
lifeti is | d . i Vi hyl. d | i
oroved +YHPERAIS; iteRER RRBromILL S oPeReliRmine B TRt Seert

Figured | aviferspafiisMeSbSsicu M. CI NGNS SEM | mage of the 30
synt hesi zed product in anpl e 10 of the present invention. Figure 2
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SThe. pr e RYCTOHAI G astS BE RHGTS ABEEwith SerRaiciraor ol EETanAnd he
present in i l ! : S ﬁﬁ,gém f
active al uér‘nﬁgg g(Q;R[s g@?@%s‘&sﬂc’%&?sﬁgﬁ 83# h%ﬁ @@&ﬂv\’ﬁr@ ?rg xe %@ %S%D(ggﬂgsoeasl y
wi th 60 nl patent rapplivatiani iNo.b208910Y69329. XNt Fonhtheh hidr@fiegnal synthesis -

or t hophosphori c acj H3PO4 mass, percent of 85%, 5.69 g of silica sol
(Si 02 %sspﬁ&eé%n'f"“gf '(%.E%tl,mmtm Plofueippianbl In oRe RSBeg, obesEn e

Vi gor ous! y RIS Pk, My e s, e, ROntngl, bhsd s BE HEGmain .
h, the gel syleent & the spethesises)stdth 0a darpeadmbansof Wekle ligaid diffickrtitblie and

dynami cal ly synthesized at a crystalljzation tenperature of 180 C for 60
hours. Aft dfilized wilysbel piogacednaftem dhe osynihesisdineressing cthet dpadigas, of

washed, and dried a 00,Cin thg aik, eobtaiRin .1 of as-synt hgsi zed
broduct ( canarpameBle fesament A thyf bthiss ahdh e Smtfests, Brctesf 2B B 3o
anal ysp§. i‘é?ﬁlidél&rae 181 v QuFfadfaing i'ﬁ%'i’éa%hi% tﬁé‘%yhﬂfés{seéb‘éﬂ Inithei & g@l t hat
the synthesized product was SAPO 34 nmol ecul ar sieve. Conparative Exanple 1
The f or nul-ayntbesisaprocesad withousr fhe gpartigipation mfosudfactast,e it requiee ts 25
Exanpl e 1, .but tEeS addi ti on of etha?r’:]gl Mas onmtted AIterht e.crystallized
product wafOREAL 2, FEICOPTRPSPRERISAIMIOIE (1Y g9, HEHe Whigly IRVRIVER ) ¢ s

i ndi cat ed S@g,@fa} NbAIthE "R - P fas O 5,
where a pegeﬁ{ﬁgifc?%cp at%egssgg?ﬁ'?he i rlg?ﬁgtégr%%st Cgeaks dc))f ﬂgagga{n\%g Sﬁ?ﬁéguct S

was: hSA_Po- gb by ﬁiaﬁgnﬂ@:sis n:g:vpai i nofahzg&amﬁi tie obtaiAPBIIQ-SAPO
W cr opd? oudr ek 36T i, 8oAely) AFbOEs Wt chalslerbgBodeR 3Ry BRna: ofe

al um na (Al 203 nmass percent of 72.5%, 130. 3 g of




+5 ort hophosphoric acid (H3PO4 mass percent of 85%, 5.69 g of silica sol

(Si 02 mass percent of 28.2%, and 35 ml of deionized water were m xed
honogeneously by stirring, and into which 21 m of triethylam ne were added
under stirring. After the m xture was vigorously stirred to be m xed
honogeneously, the gel was transferred into a stainless steel reaction
kettle, 10 and dynamcally synthesized at a crystallization tenperature of
200 C Tor washingrand Ablen fidas the yiiceydthlizell livae phosporasalirifuil iy
product was centrifuged, washed, and dried at 100 C in the alir, obtalning
11.0 g of &8Lsynthesized product (calcination weight |oss of 15.5%. The

| i | kS, d { he. | indicated that th
synthest ped oo i BeXBbRRR HotdaudE delib @l SATD SHbESs roceBens g of
active al Uﬂ‘ief‘?]keééﬂlﬁﬂﬁreﬁﬁ% aﬁ@frﬁﬁﬁg? s?fntﬂe%iz@o/SAPﬁ)“ B%;Q ézig‘doﬁfé?ﬂﬁ? REAHRKK W th

50 m of diethylamne and 15 ) i et hyl am ne stirring; 1nto which
9.5 g of oPIAsEphoEhatois,c tacs eSS AREs melecular sfevesyby dmphoygingf asil i ca

Cime: under BOEVFRERJHEGiNE (e, ot fhd it} SUEBTRIPEGH THOMAgBRbous! y
- After the Gribud RintiSfS APCEsolcubl Sedéd cattbe sﬁ&%sgﬁhgﬁt%.tﬁés%d fil died 1 nto

a stainless steel reaction kettle, and dynamcally 25 hesi zed at a

cryst al | i zeaseowhexsgngre prganie anfing $0ud ar baththeanain sodverdraridithe template
CrySta”izatir%W fi{ﬁiqshed, the splid product s centrifuged, washed,
and dried %° synihesis systemydp the, presenee gt gnlyra small\amewat ofewateroduct
(cal ci pation weight [oss of 14.1% . The sanple was subjected to XRD

anal ysis. The XRD data were shown in Table 2. The results indicated that
t he 30 synDiscdoswd gfithelimvention SAPO- 34 nol ecul ar sieve. Conparative

Exanpl e 3 The f.or tion ratio and the crystallizatign process were
the same as ExaRfbied o HEF Present davention istto prewide s prosess fon symthesizingr t he

crystal |l i zgd g ] i i.t was subjected to XRD

anal ysi s. Si’he rgf;sdt}lg?@%fn igyé\?ggkﬁgﬂg{ég&n%[egga%#é was SAPO- 34 containing a
smal | amount din 82@- fo athieveetie bbowhtdesetibed abjédie the rres@itr f@@sionPeaks
of the two products was: SAPO-5/SAPO-34 = 1/11. IJ:'xarrpI e 3 7.03 g of
activelil uﬁ!i?lﬁgob(wmlqrﬁggn%%m oxganyy selyeniand the serplateregentscasthe wi t h

1030 g of " PHEEHEL ARnARSR bt el S AR aplbadly Sbyesgngisy
silica so!pteSefict ofismallemtaiit cffwat8r.2%9, 1.0 g of ethanol, and 15 2.04g of

dei oni zed water were added at one tinme under stirring, and then vigorously
stirred to be Ynsedicalbyw e auesany . inxentionspiovidery aatsoB®therimal §gnthesishe gel

was transf y i . steel reaction tle, and dynamcally
synt hesi zeﬁlr d;%% gsabgrs%‘s@?l{“%%]lggﬁle? gwgp%grbqlgggtpe ﬁ&)v@n&ﬁ q{%ﬁ‘}@?: The

sol i d pyoduct ayosn efinit bHARE, aVaRERhUM i QrH pH,
and after 20 drying at l100 Cin the aiu‘rﬁ‘,l%?%&gé’ grﬂgﬁg}sl%ﬁohuggeﬁ;%gﬂ%ﬁéduct
(cal ci nat | SAHIGR, wajss avd mized i avenalapbatio wéb-30hel sapt® Vo 1sudj ect ed

to XRD analysis,, and the data were shown in Table 3. XRD data _showed that
the synt heé%iZL% % 86@(1,’? - 0itigl gandyr re_E’iﬂpéfmgitSVeg.AE@CEWé%ﬁldﬁ §VESanpl e
4 The for myhatdiARhé idlar AR 6P€«afewéiﬁébig;a?ﬁé 2Rk i%018§§ﬂ}‘%§rfoi he sane as

Exanpl e 3, but the | ow tenperature aging ocess was omtted.” After the

crystal |l ized ph)atiednitisd miwamreesbtaindd din itlesistep ) s thadfitaifedsatrB(R601 TR Gndr oduct
(cal cination cxyei.g{lt .l.0ss. of 16.1% were obtained. It was subject ed to XRD
30 anaPysi dgedrwath pixingdor pat mere thamd hoves, taaptain aadnigial 8eBAPO- 34, havi ng

as' defi ned ac)T0go L Sl Mordiet b Ve LT ) AEolfiBed o 1505250 PE0RT of
et hanol we0&-thdaged to 1.0 g of n-propanol, the other conponents. and

crystallizati ondi tions were unchanged. The crystallized product was
subj ected to XRohg ymthesis Brpcgsne] thespresemt invsntien, thedniial suixthre in the

synt hesi ze - sjeve le 5 Sane as
Exanpl e S,Hre cep%‘ﬁ%\(@fgﬁg@ g‘%%@é%f#@re& %‘%&n%@?@ﬁ%ﬁﬁ@ ™ Jgag g of
al um ngum akcohohpamtides arslai ki erbatiel animedhyalehiNgs $iapgethe 0 1.0
g, the other conponents and crystallization conditions were 15 unchanged.

The crystallized product was subjected o XRD diffraction analysis. The
results indicated that the synthesized sanpl e was SAPO-34 nol ecul ar sieve.
Exanpl e 6 20Sane as Exanple 1, except that 7.03 g of active alum na were
changed to 20.65 g of alum niumisopropoxide, 5.69 g of silica sol (SiO02
mass percent of 28.2% were changed to 1.6 g of funmed silica, and the
anount of deionized water was changed to 1.0 g, the other conponents and

- crystallization conditions were unchanged. The crystallized product was
subjected to XRD 25 diffraction analysis. The results indicated that the

o - o o PANAINSN ™ A I T L p— o — ~ o



'changed to 1.6 g of funed silica, and the anount of deionized water was
changed to 0.1 g, the other conponents and crystallization conditions were
.unchanged. The crystallized product was subjected to XRD diffraction

anal ysis. The results indicated that the synthesized sanple was SAPO 34
nmol ecul ar 5sieve. Exanple 8 Sane as Exanple 1, except that 7.03 g of
active alum na calcined at a high tenperature of 600C (the water content

therein was renoved) were used.10 as the al um num souyce, 5.69 g of silica
sol (Si02 ﬁ%@%&%éﬂt‘“@f ‘E%. ﬁ%éPBf“&héﬁaéHg%‘Cl?]GOBO’oﬁng Yratet o thes  and
Lhe amountinghadaianke RA00LCF: 0185 CHOPIORD - (0 Rolsd: glilgs ot her component s

and crystallization conditions were unchanged. e crystallized product was

subj ected to MRDth# Symthesis proeess gftlse present hevention! the imolae aatid éfhdie t he
synt hesi zed sappl e was SAPQ 34 nol ecul ar _15si eve. Exanple 9 The sanpl es

obt ai ned | PrEARMNATRINE/ WalSHpisr laTeek thaihP L prefgrmblyxlasgere thamel.0, dvpre ed

Pabl er s SERLE 16k Shaf O Sl ord el BHl gl En! 167 a8 )8 RpR 3007 Bikycq °
into a fixggénpeatimedaoid h, pactetdBly @593 K;ardIfe’ @gsial ipiutRypditRl is5-15

- Nitrogen gas was jntroduced and the sanple was activated at 550 C for 1
hour, af t edayspreterallytlediayas ure was decreased to 450 C to conduct the

reaction. Met ' Ltre s at _a.flow rate.of 40Q.25
i and 1 heRsRrRRs S sl MvGhfp RulRg: SimAristot stef of ppiinc  on
product wagaghi ZﬁﬂdedI_\{gihg | fife 9@ sElifdt PESARRDY of Theep e%%,' ity WSbtgirs hown
in Table 4. Table 1: XRD results of the sanple in Exanple No. 20 d(A)
100x 110010 as-symipesized SAPO-mobecnlarsiessds 6. 89556 13.12 3 13.9703 6. 33933

2.59 4 16.0023r§.5§863 36.38 5 161921 5. 23976. 2.9& 6.
¢ aluminum ‘source used in the present invenfion is any one of pseudo

boehmite, aluminium isopropoxide, alumina, aluminum hydroxide, aluminum
chloride, and aluminum sulfate or a mixture thereof; the phosphorus source
used is any one of orthophosphoric acid, metaphosphoric acid, a phosphate,
15 and a phosphite or a mixture thereof; the silicon source used is any one of
silica sol, ethyl orthosilicate, white carbon black, and silica or a mixture
thereof; the organic amine used is any one of an organic primary, secondary,
and tertiary amine or a mixture thereof, comprising any one of morpholine,
piperidine, isopropylamine, triethylamine, diethylamine, di-n-propylamine,
20 . diisopropylamine, hexamethyleneimine, N’,N’,N,N-tetramethyl-1,6-
hexanediamine, and N,N-diisopropylethylamine or a mixture thereof, and
preferably any one of diethylamine, triethylamine, morpholine,
hexamethyleneimine, and N,N-diisopropylethylamine or a mixture thereof.
The organic alcohol used in the initial mixture is any one of methanol,
25 ethanol, n-propanol, and i-propanol or a mixture thereof. In the synthesis of
SAPO molecular sieves, especially in the synthesis of SAPO-34, SAPO-18,
SAPO-35, or SAPO-56 molecular sieve, the addition of the organic alcohol is
mainly for the purpose of suppressing the formation of impure crystal phase,
thereby ensuring the re-productivity of the synthesis process and high purity.

30 In the present invention, the prepared SAPO molecular sieve is any one of

5



*19. 0086 4.66891 0.95 7 20.5561 4.32079 41.4 8 21.2911 4.17326 2.84 9
23.0914 3.8518 2.39 10 24.099 3.69299 0.76 11 25.0766 3.5512 1.05 12
25.8444 3.44741 7.99 13 27.5828 3.23396 1.17 14 28.1603 3.16895 0.81 15
29. 5158 3.02642

SAPO-5, SAPO-34, SAPO-11, SAPO-17, SAPO-18, SAPO-31, SAPO-35,
SAPO-40, SAPO-41, SAPO-43, SAPO-56, and RHO-SAPO or a mixture
thereof.

In the present invention, the initially prepared synthesis mixture is aged

5 with mixing at 30-60 °C for a period of time, and the main effect of this

process is to efficiently increase the crystallinity of the product, while
improving the yield. _

The synthesized SAPO molecular sieves, after being calcined at
400-700 °C in the air, may be used as catalysts for acid-catalyzed reactions.

10 The synthesized SAPO molecular sieves, after being calcined at
400-700 °C in the air, may also be used as catalysts for conversion reactions of
oxygen-containing compounds to olefins.

The present invention can bring about the advantages as follows:
(1) The synthesis yield is high, which is generally more than 90%

15 (calculation method: dry basis mass of the product / total dry basis mass of the
fed oxides x 100%);

(2) Because the amount of water used is relatively small in the synthesis.
and the respective inorganic raw materials and synthesis precursors are
difficult to be dissolved in the organic amine, the organic amine may be easily

20 separated from the gel product, recovered and reused after the synthesis, and
‘the amount of waste liquid produced is low.

(3) The prepared SAPO shows excellent catalyzing performance in the
methanol-to-olefin conversion reaction . For example, with -the prepared
SAPO-34 herein, as compared with the SAPO-34 molecular sieve prepared by

25  a general hydrothermal synthesis process, the reaction lifetime is longer, and

the selectivity for ethylene and propylene is improved to a certain degree.

Brief Description of the Drawings

Figure 1 is a scanning electron microscope (SEM) image of the

30 synthesized product in Example 10 of the present invention.

6



'1.81 16 30.5066 2.93035 2.61 17 31.048 2.88048 5.06 18 36. 1308 2.48607 0.77
19 43.238 2.09248 0.71 20 49.0196 1.85836 3.63 21 50.9873 1.79117 0.45 22
53.1682 1.7213 1.17 Table 2: XRD results of the sanple in Exanple 2 No. 20
d(A) 100x 1110 1 9.4545 9. 35457

F.igure 2 is the scanning electron microscope (SEM) image of synthesized

product in Example 12 of the present invention.

Specific Embodiments of the Invention

5 The present invention will be described in details by Examples, but the

present invention is not limited to these Examples.

Example 1

7.03 g of active alumina (Al;O; mass percent of 72.5%) were mixed

10 homogeneously with 60 ml of triethylamine by stirring, into which 10.30 g of
orthophosphoric acid (H3;PO, mass percent of 85%), 5.69 g of silica sol (SiO,

mass percent of 28.2%), 0.50 g of ethanol, and 0.3 g of deionized water were
sequentially added under stirring, then the mixture was vigorously stirred to

be mixed homogeneously. After stirring at 40 °C for 10 h, the gel was

15 transferred into a stainless steel reaction kettle, and dynamically synthesized
at a crystallization temperature of 180 °C for 60 hours. Afier the
crystallization, the solid product was centrifuged, washed, and dried at 100 °C

in the air, obtaining 14.1 g of as-synthesized product (calcination weight loss

of 15%). The sample was subjected to XRD analysis. XRD data were shown

20 in Table 1, and the results indicated that the synthesized product was
SAPO-34 molecular sieve.

Comparative Example 1

The formulation ratio and the crystallization process were the same as
25 Example 1, but the addition of ethanol was omitted. After the crystallized
| product was washed and dried, XRD analysis was conducted, and the results
indicated that the sample was SAPO-34 containing a small amount of SAPO-5,
where a peak height ratio of the first strongest peaks of the two products was:
SAPO-5/SAPO-34 = 1/9.
30



100 .2 12.8344 6.8977 20.88 3 13.9189 6.3626 3.38 4 15.9622 5.55246 40.27 5
17. 6853 5.01515 25.06 6 18.5142 4.79245 3.12 7 18.9682 4.67876 4.28 8
20.5336 4.32546 93.44 9 21.9097 4.05682 14.49 10 22.3181 3.98348 5.92 11

Comparative Example 2
SAPO-34 was synthesized by a conventional hydrothermal synthesis
process, see Microporous and Mesoporous Materials 53 (2002) 97—108.
7.03 g of active alumina (AlO; mass percent of 72.5%), 10.3 g of
5 orthophosphoric acid (H3;PO, mass percent of 85%), 5.69 g of silica sol (SiO,
mass percent of 28.2%), and 35 ml of deionized water were mixed
homogeneously by stirring, and into which 21 ml of triethylamine were added
under stirring. After the mixture was vigorously stirred to be mixed
homogeneously, the gel was transferred into a stainless steel reaction kettle,
10 and dynamically synthesized at a crystallization temperature of 200 °C for 48
hours. After the crystallization was finished, the solid product was centrifuged,
washed, and dried at 100 °C in the air, obtaining 11.0 g of as-synthesized
product (calcination weight loss of 15.5%). The sample was subjected to XRD

analysis, and the results indicated that the synthesized product was SAPO-34
15 molecular sieve.

Example 2
7.03 g of active alumina (Al,0; mass percent of 72.5%) were mixed
homogeneously with 50 ml of diethylamine and 15 ml of triethylamihe by
20  stirring, into which 9.5 g of orthophosphoric acid (H;PO, mass percent of
- 85%), 4.55 g of silica sol (SiO, mass percent of 28.2%), and 0.38 g of
methanol were added at one time under stirring, and then vigorously stirred to
be mixed homogeneously. After the mixture was stirred at 55 °C for 12h, the
gel was transferred into a stainless steel reaction kettle, and dynamically
25  synthesized at a crystallization temperature of 180 °C for 100 hours. After the
crystallization was finished, the solid product was centrifuged, washed, and
dried at 100 °C in the air, obtaining 13.0 g of as-synthesized product
(calcination weight loss of 14.1%). The sample was subjected to XRD
analysis. The XRD data were shown in Table 2. The results indicated that the

30 synthesized product was SAPO-34 molecular sieve.



122.9725 3.87147 15.98 12 24.8162 3.58786 54.74 13 25. 8284 3.44951 20.2 14
26.2107 3.40006 1.71 15 27.5669 3.23579 8.67 16 28.0275 3.18365 6.6 17
29.4615 3.03188 3.28 18 30.5062 2.92796 38.81 19 30.6299 2.92367 23.27 20
- 30. 9433 2.88759 -

Comparative Example 3
The formulation ratio and the crystallization process were the same as
Example 2, but the addition of methanol was omitted. After the crystallized
5 product was washed and dried, it was subjected to XRD analysis. The results
indicated that the sample was SAPO-34 containing a small amount of SAPO-5.

The peak height ratio of the first strongest peaks of the two products was:
SAPO-5/SAPO-34 = 1/11.

10 Example 3
7.03 g of active alumina (Al,O; mass percent of 72.5%) were mixed
homogeneously with 23.13 ml of triethylamine and 60 ml of morpholine by
stirring, into which 10.30 g of orthophosphoric acid (H;PO, mass percent of
85%), 4.55 g of silica sol (SiO, mass percent of 28.2%), 1.0 g of ethanol, and
15 2.04g of deionized water were added at one time under stirring, and then
vigorously stirred to be mixed homogeneously. After stirring at 35 °C for 12 h,
the gel was transferred into a stainless steel reaction kettle, and dynamically
synthesized at a crystallization temperature of 210 °C for 24 hours. The solid
product was centrifuged, washed with deionized water to neutral pH, and after
20 - drying at 100 °C in the air, 13.6 g of as-synthesized product (calcination
weight loss of 14.5%) were obtained. The sample was subjected to XRD
analysis, and the data were shown in Table 3. XRD data showed that the

synthesized product was SAPO-34 molecular sieve.

25 Comparative Example 4

The formulation ratio and the crystallization process were the same as

Example 3, but the low temperature aging process was omitted. After the
crystallized product was washed and dried, 11.5 g of as-synthesized product
(calcination weight loss of 16.1%) were obtained. It was subjected to XRD

30  analysis. The results indicated that the sample was pure SAPO-34, having a

9



'24.57 21 31.4801 2.83956 3.43 22 32.2688 2.77194 1.71 23 33.3591 2. 68379
3.55 24 34.4001 2.60492 7.23 25 34.8399 2.57304 1.75 26 35.8666 2.50171
5.66 27 38.3234 2.34679 1.02 28 39.5752 2.27539 3.71 29 42.6257 2.11935
3. 96

relative crystallinity of 80% (the relative crystallinity of FDZ-38-3 was defined
as 100%).

Exa.mple 4
5 Same as Example 3, except that 1.0 g of ethanol were changed to 1.0 g of
n-propanol, the other components and crystallization conditions were
unchanged. The crystallized product was subjected to XRD diffraction analysis.
The results indicated that the synthesized sample was SAPO-34 molecular
sieve.

10
Example §
Same as Example 3, except that 7.03 g of active alumina were changed to
20.65 g of aluminium isopropoxide and the amount of deionized water was
changed to 1.0 g, the other components and crystallization conditions were
15 unchanged. The crystallized product was subjected to XRD diffraction analysis.
The results indicated that the synthesized sample was SAPO-34 molecular

sieve.

Example 6
20 Same as Example 1, except that 7.03 g of active alumina were changed to
20.65 g of aluminium isopropoxide, 5.69 g of silica sol (SiO, mass percent of
28.2%) were changed to 1.6 g of fumed silica, and the amount of deionized
water was changed to 1.0 g, the other components and crystallization
conditions were unchanged. The crystallized product was subjected to XRD

25  diffraction analysis. The results indicated that the synthesized sample was
SAPO-34 molecular sieve.

Example 7

Same as Example 1, except that 7.03 g of active alumina were changed to

30 52 gof 'y—ahimina, 5.69 g of silica sol (SiO, mass percent of 28.2%) were

10



30 43.2903 2.08834 4 31 47.5413 1.91105 4.05 32 48.6651 1.86951 5.82 33
49. 0438 1.85596 3.29 Table 3: XRD result of the sanple in Exanple 3 No.
20 1 9.4514 2 12.8291 3 13.9125 4 14.3377 5 15.9594 6 17.6902 7 18.5204 8

changed to 1.6 g of fumed silica, and the amount of deionized water was
changed to 0.1 g, the other components and crystallization conditions were
unchanged. The crystallized product was subjected to XRD diffraction analysis.
The results indicated that the synthesized sample was SAPO-34 molecular

5 sieve.

Example 8

Same as Example 1, except that 7.03 g of active alumina calcined at a

high temperature of 600°C (the water content therein was removed) were used

10 as the aluminum source, 5.69 g of silica sol (Si0O, mass percent of 28.2%) were
changed to 1.6 g of fumed silica, and the amount of deionized water was
changed to 0.1 g, the other components and crystallization conditions were
unchanged. The crystallized product was subjected to XRD diffraction analysis,

and the results indicated that the synthesized sample was SAPO-34 molecular

15 sieve.

Example 9
The samples obtained in Example 1, Comparative Example 2, and
Example 7 were aerated with air and calcined at 600 °C for 4 hours. Then they
20 were pressed into tablets, and crashed to 20;40 mesh. 1.0 g of sample was
weighted, loaded into a fixed bed reactor, and subjected to MTO reaction
evaluation. Nitrogen gas was introduced and the sample was activated at
550 °C for 1 hour, after that, the temperature was decreased to 450 °C to
conduct the reaction. Methanol was carried by nitrogen gas at a flow rate of 40
25 ml/min, and the weight space velocity of methanol was 2.0 h'. The reaction

product was analyzed by on-line gas chromatography. The results were shown
in Table 4.

1



*18.9616 9 20.5265 10 21.9084 11 22.3198 12 22. 9648 13 24.8165 14 25.8241 15
27.5629 16 28.038 17 29.4517 18 30.4977 19 30.633 20 30.9388 21 31.4775
d(A) 100x 1/10 9.35767100 6.9005521.49 6.36553.09 6.177670.89 5.553440. 06
5.0137725.47 4.790872. 74 4.680364.21 4.3269499. 51

Table 1: XRD results of the sample in Example 1

No. 20 d(A) 100x 1/1,
1 9.4838 9.32578 100
2 12.8384 6.89556 13.12
3 139703  6.33933 . 2.59°
4 16.0023 5.53863 36.38
5 16.9215 5.23976 2.91
6 19.0086 4.66891 0.95
7 20.5561 4.32079 41.4
8 21.2911 4.17326 2.84
9 23.0914 3.8518 2.39
10 24.099 3.69299 0.76
11 25.0766 3.5512 1.05
12 25.8444 3.44741 7.99
13 27.5828 3.23396 - 1.17
14 28.1603 3.16895 0.81
15 29.5158 3.02642 1.81
16 30.5066 2.93035 2.61
17 31.048 2.88048 5.06
18 36.1308 2.48607 0.77
19 43.238 2.09248 0.71
20 49.0196 1.85836 3.63
21 50.9873 1.79117 0.45
22 53.1682 1.7213 1.17

12



4. 0570514. 3 3.983195.43 3.8727515. 44 3.5878255. 86 3.4500819. 99 3. 236267. 53
3.182495. 87 3.032864. 03 2,9287639. 05 2.9233821. 65 2. 88825. 98 2. 83983. 24
32.2567 2.77296 1.81 23 33. 3489 2.68459 3.5 24 34.3856 2.60599 7.75 25

34.8176 2.57463 2.19 26 35.8657 2.50177 6.32 27 38.1446 2.35738 0.91 28

Table 2: XRD results of the sample in Example 2

No. 20 d(A) 100x /1,
1 9.4545 9.35457 100
2 12.8344 6.8977 20.88
3 13.9189 6.3626 3.38
4 15.9622 5.55246 - 40.27
5 17.6853 5.01515 25.06
6 18.5142 479245 3.12
7 18.9682 4.67876 4.28
8 20.5336 432546 93.44
9 21.9097 4.05682 - 14.49
10 22.3181 3.98348 5.92
11 22.9725 3.87147 15.98
12 24.8162 3.58786 54.74
13 25.8284 3.44951 20.2
14 26.2107 3.40006 1.71
15 27.5669 3.23579 8.67
16 28.0275 3.18365 6.6
17 29.4615 3.03188 3.28
18 30.5062 2.92796 38.81
19 30.6299 2.92367 23.27
20 30.9433 2.88759 24.57
21 31.4801 2.83956 3.43
22 32.2688 2.77194 1.71
23 33.3591 2.68379 3.55
24 34.4001 2.60492 7.23
25 34.8399 2.57304 1.75
26 35.8666 2.50171 5.66
27 38.3234 2.34679 1.02
28 39.5752 2.27539 3.71

13
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39. 1675 2.29814 0.95 29 39.5678 2.2758 3.48 30 42.6337 2.11897 4.78 31
43.2908 2.08832 3.63 32 44.9355 2.01563 0.64 33 47.5282 1.91155 3.84 34

48. 6704 1.86932 5.17 35 49.0618 1.85532 2.93 Table 4 Results of the sanples
for methanol -to-ol efin conversion reaction Sanple Lifetinme (mn)

29 42.6257 2.11935 3.96
30 43.2903 2.08834 4

31 47.5413 1.91105 4.05
32 48.6651 1.86951 5.82
33 49.0438 1.85596 3.29

Table 3: XRD result of the sample in Example 3

No. 26 d(A) 100x /1,
1 9.4514 9.35767 100
2 12.8291 6.90055 21.49
3 139125 ~  6.3655 3.09
4 14.3377 6.17767 0.89
5 15.9594 5.5534 40.06
6 17.6902 5.01377 25.47
7 18.5204 4.79087 2.74
8 18.9616 4.68036 4.21
9 20.5265 4.32694 99.51
10 21.9084 4.05705 14.3
11 22.3198 3.98319 5.43
12 22.9648 3.87275 15.44
13 24.8165 3.58782 55.86
14 25.8241 3.45008 19.99
15 27.5629 3.23626 7.53
16 28.038 3.18249 5.87
17 29.4517 3.03286 4.03
18 30.4977 2.92876 39.05
19 30.633 2.92338 21.65
20 30.9388 2.888 25.98
21 31.4775 2.8398 3.24

14



1 160 2.2 45.9 0.8 39.

Sel ectivity (mass% * CH4 C2H4 C2H6 C3H6 C3H3 C4+ C5+ C2HA+C3H6 Exanpl e
51
0.7

5 1.2 8.
140 160 2.7 2.3 44.3 44.8 0.8

10

85.4 Conparative Exanple 2 Exanple 7
139.91.91.6

22 32.2567 2.77296 1.81
23 33.3489 2.68459 3.5
24 34.3856 2.60599 1.75
25 34.8176 2.57463 2.19
26 35.8657 2.50177 6.32
27 38.1446 2.35738 0.91
28 39.1675 2.29814 0.95
29 39.5678 1 2.2758 3.48
30 42.6337 2.11897 4.78
31 43.2908 2.08832 3.63
32 449355 2.01563 0.64
33 47.5282 1.91155 3.84
34 48.6704 1.86932 5.17
35 49.0618 1.85532 2.93

Table 4 Results of the samples for methanol-to-olefin conversion reaction

Samo) Lifetime Selectivity (mass%)*

am R

pe (min) CHy CHy CH¢ CiHs CHy C45f Cs' CpHa+CsiHg

Example 1 160 22 459 08 395 12 85 19 85.4

Cgmpm‘“’c 140 27 443 08 381 19 101 2.1 82.4
xample 2

Example 7 160 23 448 07 399 16 90 1.7 84.7

* The highest (ethylene + propylene) selectivity in the case of 100% methanol

conversion

Example 10

10.37 g of orthophosphoric acid (H;PO; mass percent of 85%) were added
into 60 ml of diethylamine under the condition of ice water bath. 8.34 g of
active alumina (Al,O; mass percent of 72.5%), 5.69 g of silica sol (SiO, mass
percent of 28.2%), and 0.2 g of deionized water were sequentially added

thereto under stirring condition, and vigorously stirred so as to be mixed
15



'10.2 9.0 2.1 1.7 82.4 84.7 * The highest (ethylene + propyl ene)
selectivity in the case of 100% net hanol conversion 5 Exanple 10 10.37 g of
ort hophosphoric acid (H3PO4 mass percent of 85% were added into 60 m of
di et hyl am ne under the condition of ice water bath. 8.34 g of active

al um na (Al 203 mass percent of 72.5%, 5.69 g of silica sol (Si02 nmass 10
percent of 28.2%, and 0.2 g of deionized water were sequentially added

t her et o unblemogeneousiy. Thadel ivwas transferreddntoial stainldssr eelsaptioh kdige, M xed
hom)geneousl%. Th_e,%?el’ was_ transferred into a stainless steel reaction
kettle, antR¢giaamically systhesieed ata avstallizajiondempesatucs of @99etGifor 480f 200

C for 48 : fini,shed th | i duct
was centr i Py Adicrdhe SERh s h8hed e ol Bipactngs Blrdubie s
then subj evashied,carid &REd a0 dl0Ps?G in The alfiRandathe safipfle SUMhdnsBERdTo The

results in%i cated that_the synthesized product_had a RHO strucfure. The
conposit i anadysisrphe date. weppehaws igj BablesS.atberrgsults indixaed

anal ysi s, jindi.gati t.al ped e S SAPO nol ecul ar si eve.
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m xture m xed honobgeneously, the gel was“transferred into a stainless steel
reaction kettle, and dynam cally synthesized at a crystallization
tenperature o& 200 %bfegé 48 %g hours. After the crystallization was
fini shed, the-SBPARLYHEEAT centrifuged, washed, and dried at 100 Cin
the air, and gha sanNgfFea¥@ee t SUbj R y's.2><§?r ts
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make the nunder estirringd hcftmgaﬂg@twls%r, stheingel tovanaké I st afikRel Mhiked
st ai nl ess ét eel reaction kettle, and _dynamcally synthesized at a

crystal | i zZBPO8eR athgr gelowvas dransfersed amtona siainless isteel tieaction kettle,

talli ' il . i t tri.f d,
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and t heo r ehoiiiss Alfttithaceyktallizhaén WH figishe® dhes6HY giroa\@c% ﬁ@?%%fﬂgéfcu' ar
sieve. Exanple 11 Sane as Exanple 10, except.that 8.34 g of actrtveé

al umi na wewaskedrapdidried 21 1905°Gfin 4heisiniand the samplewvatethemnshbijbetedrount  of
dei oni zed r s .10 nged,.to 1.0 g, .the, ot her, conppnents and

crystalli z%@nﬁ%ﬁ%ﬁ P@{E '%@P]és dﬂé’r‘l’ﬁﬁgieg?atﬂh@ W&‘Q?Sdﬁ’qoﬂﬁdb‘?tow&étﬂ%as
subj ect ed #nixedREyEtdlfofRITO AP g L :ndicated that the

synt hesi zed sanmpl'e was RHO SAPO Frublaecu g:ﬁs?ﬁ/%&l%ééo%sgr ative Exanple 7

Sanme as Exanple 10, except that 8.34 g of active alum na were changed to

24.5 g.of al uRini um.isopropoxi de, and the anmount of deionized water was
&t o 1o Bl

change onents and crystallization conditions were
unchanged. Thg3gr wsStigH higed t syhj.ec SR Ad AT hon
anal ysis. 20 The lrgesu.l ts | nd?gg?gg {)ﬁ%?% e Sgy g{sllpzed s%%)eawaysﬁpo 34
nol ecul ar efthophosphoric acid (H;PO, mass percent of 85%), 5.69 g of silica sol (SiO,

mass percent of 28.2%), and 45 ml of deionized water were homogeneously

mixed, into which 10 ml of diethylamine were added under stirring. After

30  vigorously stirring to make the mixture mixed homogeneously, the gel was

16



‘Exanpl e 12 11.52 g of orthophosphoric acid (H3PO4 nmass percent of 85% were
added 25 into a m xed solution of 60 m of diethylamne and 15 m of
triethylam ne under the condition of ice water bath, and into which 7.03 g
of active alum na (A 203 nass percent of 72.5%, 4.55 g of silica sol (Si02
mass percent of 28.2%, and 0.1 g of deionized water were sequentially
added under stirring. After vigorously stirring to make the m xture m xed

honogeneouysl the.gel 30.was trapsferred into tai nl egs steel .reaction
ort e ariraterras if » SpigfESe pleeheraction ket Stdhmios iy iShttesiserah ur o
of 190 C f et | [ et salid
pr oduct WaegE: enetllirpiiQ ﬁg%&%&ggﬂg§$°gr%g€dﬂ: efglzgtB Oog%%%ér?hgrhg??t? Hg.a‘;at ? he
sanpl e waswhd éimished; ted solid prothiot avml sentifug¥BDwashed vumdedrsdd an 100 °Talal e 6.

The results indicated that synthesized 5 product, had a RHO siructure. The
obt ai ned g Iﬁ% sample wvas sulyactsg tec agakysiss Angnthe; xesulis dpdicatedy ¢ he

108amens ‘EeE AR B pERERR Sy RASE 3R BB R 1 D2 Ver e changed fo

24.5 g of alum niumisopropoxide, 5.69 g of silica sol (Si 02 mass percent
. of 28.2% were changed to 1.6 g of funed silica, and the anount of
dei oni zed watl¥ample thanged to 1.2 g, the other conponents and

SUb; ect ed ¢ o SRS 38 ErRPS AF ek olRERBE R & b el M e LR 8
synt hesi zegy sappbfe ahaginiie ROPRPFENIAEULRD thé GitfourttX8flefonideBat@er Syde<anpl e

10, except that 8.34 g of active alum na were changed to 20 6.1 g of

y- al umtna, changed. 89 1) @, the| other compyddicds and cry iopf corditivins viwers
changed to 1..6 f-funed sjlica, the other, .co n crystallization
conar &1 onsulitartbetlc Fhi gEse et girpbuch Vs SibiERER e bl larlits afabistSo

di {11 act | ophanalu mdidhied Battie il Gakedabipl JACRHOIICPO RIS © vas
RHO- SAPO nol echar Si elve. 25 Examsi e 15 Sane as Exanple 10, except that 60
m of dietéighem ne were changed to a m xed solution of 60 m of

di et hylam ne and 18 m of norpholine, the anmpbunt of phosphoric acid (85

- W% was changed to 12.35 g, and the anount of 30 deionized water was

changed. to O. onents and crystallization conditions were
unchangsed. Thgoo agmééégfg%lgzég?pms mar ked as FDZ-31-2. XRD diffraction

anal ysis res usme\mrExz&hElw@,rexB@pt that 8.3hg dfestivealimihe alegel chhnged e
synt hesi zed product was . - SAPO no) ecul ar _sieve. Table 5. XRD results of

the sanpl e2f Bxafplumigum pgppropoxiday andcthe| amount of dejonized Avates wam
changed to 10 g, the other components and crystallization conditions were

unchanged. The crystallized product was subjected to XRD diffraction analysis.
20 The results indicated that the synthesized sample was SAPO-34 molecular

sieve.

Example 12
11.52 g of orthophosphoric acid (H;PO, mass percent of 85%) were added
25 into a mixed solution of 60 ml of diethylamine and 15 ml of triethylamine
under the condition of ice water bath, and into which 7.03 g of active alumina
(Al,O; mass percent of 72.5%), 4.55 g of silica sol (SiO, mass percent of
28.2%), and 0.1 g of deionized water were sequentially added under stirring.
After vigorously stirring to make the mixture mixed homogeneously, the gel

30 was transferred into a stainless steel reaction kettle, and was dynamically
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2 11.6288 7.60998 6.49 3.14.2579 6.21209 54.61 4 16.4743 5.381 22.21 5
18. 4368 4.81239 21.81 6 20.2103 4.39393 6.4 7 21.8497 4.06781 35.21 8
23.3771 3.80537 9.48 9 24.8198 3.58735 46.77 10 26.1863 3.40317 62.07 11
28. 7405 :

synthesized at a crystallization temperature of 190 °C for 48 hours. After the
crystallization was finished, the solid product was centrifuged, washed, and
dried at 100 °C in the air, and the sample was then subjected to XRD analysis.
XRD data were shown in Table 6. The results indicated that synthesized
5 product had a RHO structure. The obtained sample was characterized by
scanning electron microscope, and the resultant electron microscope

photograph was shown in Figure 2.

Example 13
10 Same as Example 10, except that 8.34 g of active alumina were changed to
24.5 g of aluminium isopropoxide, 5.69 g of silica sol (SiO, mass percent of
28.2%) were changed to 1.6 g of fumed silica, and the amount of deionized
water was changed to 1.2 g, the other components and crystallization
conditions were unchanged. The crystallized product was subjected to XRD

15 diffraction analysis. The results indicated that the synthesized sample was
RHO-SAPO molecular sieve.

Example 14
Same as Example 10, except that 8.34 g of active alumina were changed to
20 6.1 g of y-alumina, and 5.69 g of silica sol (SiO, mass percent of 28.2%) were
changed to 1.6 g of fumed silica, the other components and crystallization
conditions were unchanged. The crystallized product was subjected to XRD
diffraction analysis. The results indicated that the synthesized sample was
RHO-SAPO molecular sieve.
25
Example 15
Same as Example 10, except that 60 ml of diethylamine were changed to a
mixed solution of 60 ml of diethylamine and 18 ml of morpholine, the amount
of phosphoric acid (85 wt%) was changed to 12.35 g, and the amount of

30  deionized water was changed to 0.5 g, the other components and crystallization

18



+3.10628 17.34 12 29.94 2.9845 29.97 13 32.2224 2.77812 23.32 14 35. 3993
2.53575 15.54 15 41.9817 2.15214 2.79 16 43.7264 2.06852 6.33 17 47.0375
1.93194 7.7 18 47.8344 1.90159 7.46 19 48.6516 1.87155 3. 14 20 49. 424

1. 84409 1.44

conditions were unchanged. The obtained proauct was marked as FDZ-31-2.
XRD diffraction analysis results were shown in Table 7. The results indicated

that the synthesized product was RHO-SAPO molecular sieve.
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21 50.9384 1.79277 7.34 22 54.7545 1.67067 4.44 23 56.8143 1.62052 1.23 24
57.4795 1.60201 5.14 Table 6: XRD results of the sanple in Exanple 12 No.
20 d(A) 100x 1/10 1 8.2168 10.76076 100 2 11.6307 7.60871 5.72 3 14.2605
6.21094 54.77 4 16.48 5.37915

Table 5: XRD results of the sample in Example 10

No. 20 d(A) 100x I/I,
1 8.2149 10.76318 100
2 11.6288 7.60998 6.49
3 14.2579 6.21209 54.61
4 16.4743 5.381 22.21
5 18.4368 4.81239 21.81
6 20.2103 4.39393 6.4
7 21.8497 4.06781 35.21
8 23.3771 3.80537 9.48
9 24.8198 3.58735 46.77
10 26.1863 3.40317 62.07
11 28.7405 3.10628 17.34
12 29.94 2.9845 29.97
13 32.2224 2.77812 23.32
14 35.3993 2.53575 15.54
15 41.9817 2.15214 2.79
16 43.7264 2.06852 6.33
17 47.0375 1.93194 7.7
18 47.8344 1.90159 7.46
19 48.6516 1.87155 3.14
20 49.424 1.84409 1.44
21 50.9384 1.79277 7.34
22 54.7545 1.67067 4.44
23 56.8143 1.62052 1.23
24 57.4795 1.60201 5.14

20



+18.84 5 18.437 4.81235 19.03 6 20.2168 4.39252 5.09 7 21.8576 4.06636 32.43
8 23.3892 3.80343 8.85 9 24.8322 3.58559 44.47 10 26.1985 3.40161 54.73 11
28. 7666 3.10351 14.45 12 29.9569 2.98286 28.75 13 32.2382 2. 7768 21.63 14

Table 6: XRD results of the sample in Example 12

No. 20 d(A) - 100x I/1,
1 8.2168 10.76076 100
2 11.6307 7.60871 5.72
3 14.2605 6.21094 54.77
4 16.48 5.37915 18.84
5 18.437 4.81235 19.03
6 20.2168 439252 5.09
7 21.8576 4.06636 32.43
8 23.3892 3.80343 8.85
9 24.8322 3.58559 44.47
10 26.1985 3.40161 54.73
11 28.7666 3.10351 14.45
12 29.9569 2.98286 28.75
13 32.2382 2.7768 21.63
14 35.4144 2.5347 15.12
15 41.9265 2.10811 2.63
16 43.7355 2.06982 5.39
17 47.0589 1.92951 6.95
18 47.8646 1.89889 6.73
19 48.6834 1.8704 2.66
20 49.4289 1.84391 1.63
21 50.9569 1.79216 6.91
22 54.7386 1.67368 2.34
23 56.0994 1.63811 4.6
24 57.4955 1.60161 4.53

21



+35. 4144 2.5347 15.12 15 41. 9265 2.10811 2.63 16 43. 7355 2.06982 5.39 17
47.0589 1.92951 6.95 18 47.8646 1.89889 6. 73 19 48.6834 1.8704 2.66 20
49. 4289 1.84391 1.63 21 50.9569 1.79216 6.91 22 54.7386 1.67368 2.34 23
56.0994 1.63811

Table 7: XRD results of the sample in Example 15

No. 20 d(A) 100x /1,
1 8.2217 10.75434 100
2 11.637 7.60463 5.86
3 14.2673 620799 55.11
4 16.4873 537676 19.21
5 18.449 4.80923 19.66
6 20.2242 4.39094 4.98
7 21.8654 4.06493 29.95
8 23.3978 3.80206 9.34
9 24.8392 3.5846 42.88
10 26.2065 3.40059 56.1
11 28.7624 3.10396 14.92
12 29.9631 2.98226 28.28
13 32.2449 2.77624 20.67
14 35.4242 2.53402 13.81
15 42.0138 2.15057 2.4
16 43.7605 2.0687 5.52
17 47.0754 1.93047 6.4
18 47.8707 1.90024 6.25
19 48.6616 1.86964 3.63
20 49.4318 1.84382 1.81
21 50.9796 1.79142 6.18
22 54,7219 1.67743 1.28
23 56.1134 1.63773 4.05
24 57.5244 1.60087 437
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4.6.24 57.4955 1.60161 4.53 Table 7: XRD results of the sanple in Exanple
15 No. 20 d(A) 100x I1/10 1 8.2217 10.75434 100 2 11.637 7.60463 5.86 3
14.2673 6.20799 55.11 4 16.4873 5.37676 19.21 5 18.449 4.80923 19.66 6

20. 2242 4.39094 4.98 7 21.8654

Example 16

Same as Example 1, except that the crystallization temperature was
changed to 210 °C, the crystallization time was changed to 48 h, and the silicon
source was changed to 1.6 g of fumed silica. After the crystallization was

5 finished, the solid product was centrifuged, washed, and dried at 100 °C in the
air, obtaining 12.2 g of as-synthesized product (calcination weight loss of
14.0%). The sample was subjected to XRD analysis. The results indicated that

synthesized product was SAPO-18 molecular sieve.

10 Example 17
Same as Example 1, except that the organic amine wa|s changed to 65 ml
of N’,N-diisopropylethylamine, and the silicon source was changed to 1.6 g of
fumed silica. After the crystallization was -ﬁﬁished, the solid product was
centrifuged, washed, and dried at 100 °C in the air, obtaining 12.6 g of
15 as-synthesized product (calcination weight loss of 15.2%). The .sample was

subjected to XRD analysis. The results indicated that synthesized product was
SAPO-18 molecular sieve.

Example 18
20 Same as Example 1, except that the organic amine was changed to 65 ml of
N’,N’,N,N-tetramethyl-l,6-héxanediamine. After the crystallization was
finished, the solid product was centrifuged, washed, and dried at 100 °C in the
air, obtaining 13.6 g of as-synthesized product (calcination weight loss of
16.8%). The sample was subjected to XRD analysis. Results indicated that the

25  synthesized product was SAPO-56 molecular sieve.

Example 19

Same as Example 1, except that the organic amine was changed to 60 ml of
hexamethyleneimine. After the crystallization was finished, the solid product

30 was centrifuged, washed, and dried at 100 °C in the air, obtaining 12.1 g of

23



‘4. 06493 29.95 8 23.3978 3.80206 9.34 9 24.8392 3.5846 42.88 10 26. 2065
3.40059 56.1 11 28.7624 3.10396 14.92 12 29.9631 2.98226 28.28 13 32. 2449
2.77624 20.67 14 35.4242 2.53402 13.81 15 42.0138 2.15057 2.4 16 43. 7605
2.0687 5.52 '

as-synthesized product (calcination weight loss of 13.8%). The sample was

subjected to XRD analysis. The results indicated that synthesized product was
SAPO-35 molecular sieve.

5 Example 20
Same as Example 1, except that the organic amine was changed to 65 ml of
hexamethyleneimine, the crystallization temperature was changed to 205 °C,
and the crystallization time was changed to 48 h, the other conditions were
unchanged. After the crystallization was finished, the solid product was
10 centrifuged, washed, and dried at 100 °C~ in the air, obtaining 13.3 g of
as-synthesized product (calcination weight loss of 14%). The sample was

subjected to XRD analysis. The results indicated that synthesized product was -
SAPO-34 molecular sieve.

15 Example 21
Same as Example 1, except that the organic amine was changed to 60 ml of
di-n-propylamine, the other conditions were unchanged. After the
crystallization was finished, the solid product was centrifuged, washed, and
dried at 100 °C in the air, obtaining 12.8 g of as-synthesized product
20 (calcination weight loss of 14.2%). The sample was subjected to XRD analysis.
The results indicated that the synthesized product was SAPO-43 molecular

sieve.

24



17 47.0754 1.93047 6.4 18 47.8707 1.90024 6.25 19 48.6616 1.86964 3.63 20
49.4318 1.84382 1.81 21 50.9796 1.79142 6.18 22 54.7219 1.67743 1.28 23
56.1134 1.63773 4.05 24 57.5244 1.60087 4.37 Exanple 16 Sane as
Exanpl e 1, except that the crystallization tenperature was changed to 210
C, the crystallization tinme was changed to 48 h, and the silicon source was
changed to 1.6 g of funmed silica. After the crystallization was 5 finished,

the solid product was centrifuged, hed, and dried at 100 Cin the air,
obtaining 12.2 g of as-synthesized s(cal ci nati on wei ght | oss of
14.0% . The sanple was subjected to XRD analysis. The results indicated

t hat synt hesi zed product was SAPO 18 nol ecul ar sieve. 10Exanple 17 Sanme

as Exanpl e 1]. e)ecepolvbﬂa&rmdie syngiessic prooess Was SARQe dmicdediflai siehves,
, N-di i sopr et hyl a and the silicqn source was changedtongof
f umed si |‘§"§r£‘};&?¥1§?glfhglaé mmﬁm@aﬁawg@ llowiMBihed, the solid product was
centrifuged, gyvag§ I”@I‘Qanﬁ':nExjrrﬂfrn!:,egn Burk it Solirdd’% ﬁhBSpf&hgis%hp&,]azsﬁic%nOf
‘ source, and water are mixed in a molar ratio of 6-30 : 1 : 0.5-5 : 0.01-1.0 :
0.1-15, to obtain an initial mixture for preparing the SAPO molecular sieves,
wherein the molar ratio of water to the organic amine is less than 2.0;
b) the initial mixture obtained in the step a) is maintained at 30-60 °C and
10 aged with stirring for not more than 24 hours, to obtain an initial gel;

c) the initial gel obtain in the step b) is crystallized at 150-250 °C for 0.5-15
days.

2. The solvothermal synthesis process of SAPO molecular sieves accofding
to claim 1, characterized in that the initial mixture for preparing the SAPO

15 molecular sieves further comprises an organic alcohol therein.

3. The solvothermal synthesis process of SAPO molecular sieves according
to claim 2, characterized in that the organic alcohol is any one of methanol,
ethanol, n-propanol, and i-propanol or a mixture thereof.

4. The solvothermal synthesis process of SAPO molecular sieves

20  according to claim 2, characterized in that the molar ratio of the organic amine,
the aluminum source, the phosphorus source, the silicon source, the organic
alcohol and water in the initial mixture is 6-30 : 1 : 0.5-5: 0.01-1.0 : 0.01-0.50 :
0.1-15.

5. The solvothermal synthesis process of SAPO molecular sieves according

25 to claim 1 or 2, characterized in that the aluminum source is any one of
aluminium isopropoxide, alumina, aluminum hydroxide, aluminum chloride,
and aluminum sulfate or a mixture thereof.

6. The solvothermal synthesis process of SAPO-molecular sieves according
to claim 1 or 2, characterized in that the phosphorus source is any one of

30 orthophosphoric acid, metaphosphoric acid, a phosphate, and a phosphite or a

25



15 as-synt hesi zed product (cal cination weight |oss of 15.2% . The sanple
was subjected to XRD analysis. The results indicated that synthesized
product was SAPO 18 nol ecul ar sieve. Exanple 18 20Sane as Exanple 1, except
that the organic am ne was changed to 65 m of

N,N,N Ntetramethyl-1, 6- hexanedi am ne. After the crystallization was
finished, the solid product was centrifuged, washed, and dried at 100 C in
the air, ohiigturefigerédf.6 g of as-synthesi zed product (cal cination weight

| oss of 16.8% . The sanple was subjected to XRD anal ysis. Results indicated
that the 25 dyrdiieesalyethepmalisynthesis pepeuss 36 SuPEcmioleculiresievesExampimgl 9

S Ex 1 t hat t.h I G,.am . ch d .60 nl, of
moxaror hy ! Rhelefimh of & Eprachtzed )5, P if, SHiBHh RGurteris adncae oheiliss) sob -
product 30ethg$ ostiakilidat)@dld st 6fa naRflirdthédopt 100 Cin the air,

obtaining 12.1 of as-synthesized product (calcination weight |oss of

13. 8% .5 The anphe wsalvothdrmedt syhthesiXRprameas yof SAFQe34 emoléculandiewdsed

t hat synthesi zed product was,SAPO 35 nol ecul ar_ sieve., 5Exanpl e 20 Sane

as Exanpl e%‘f"@@ﬁ clapg;l k2. éﬂag'a?ﬁeélzsaﬂfhﬁi%ébe ORgatie @mipe ds apy e of

- hexanet hyl 8RerMMi€ prink ' @R %t y to 205 C
and the crystagalrinzgti oﬁryfc;éér:c?r%?’ﬁgntggl 0 @r#aterﬁl‘éﬁg{%gfe?%&(ﬁdi tions were

unchanged. A% eTheheolvoiisiraiali gyithesis wasodessi sheSAPORR4 saiolecuylap Bigvesras o

centrifuged, Wgshed, and dried at 100 C in the air, qgbtaining 13.3 g of
as- synt hesRSSdmg elam o 2neharacteriged in thaidhe organigipmingds eapsine ofas

subj ectgd %ﬁg al yshsaq:ihke r jnei cat e t synthesized product
was SAP% 3{41?) e(l:u "ar @P %&%IFQZLSEISQ#%)@Iﬁ%e’ Sgtrqr%&lggawgml leil,%ﬁé}?gaf}’t t hat
the organi di-arpropylasinehanged t adifgdpidpylamdne,n- propy! agkaetiyIendhhife,

condi ti onshﬁ%,e unchanged. After the crystallization was fini'shed, the
solid proddedNwNsNdetamethy]eh6-hexenedianiing, end S4Nediisopropylethylamiaeror

obt ai ni ng : synt hesi zed product 20 (cal cination weight |oss of
14. 29 . Thégglgrru%egﬁ\?\ges%tsubj ected to XRD analysis. The results indicated
that the syntligesiThed splwsihietmatas S proRLac RS APEY emoldeubirsieves 1 A
sol vothernmal synthesis process of SAPO nol ecul ar sieves, characterized in
that th& naceprdingsto elaimdsor 3 chamaetgrized jn datdhg anganiammiae isanglane efum

source, a I- SOU¥ a.silicon spurce, and water. are mxed in a

nol ar rati gﬁglﬁﬁgﬂgﬁg’ lﬁ?é}'ﬁyl@%n?’ 0. B‘ﬂrﬁﬁ ne, ihexpmethylenespmean iand i al

m xture foN,NLmﬂrapykﬂgqg,ﬁﬁQ P4 esihiae theRvES. Wherein the nolar ratio of
water to the organic amne is |less than 2.0; b) the initial mxture
obt ai ned in tlde Jhep sejvotbemmalntsyntiesisatprddesd ¢F BUPOL mobstulart Msisvdy ri ng
for not nore tgan i al c) the initial gel

g4 Pour , 1 btai n .an,i.ni gel ; i
obtain i n BHETEIREG Figun ir%ﬁa&rqragarla%d indhatsthe SARO mojeenlansjeve is 2.
Th t i i di t
claim R O oF RSy SAORRE ShPOETE SATPL 7o ARRLTE, MAPDRSEar0

15 mol ecul SARD-eesSARQ-HE; SAPPr43eSAROSGamd RHOBAPOheF & Mnixture3. The

sol vot her ngl s%tgt hesi s process of SAPO nol ecul ar sieves according to claim
2, charact 94 in that the organic al cohol is any one of methanol,

th |, - , i - i t f. ) he .
SOl vorhaer ma 20T, BibheRAaP WS Tttt o SEPEL mofeoldl® sieves
claim 2, checcdirgy te ethimn] toral, dHagadterised iRitha 1Ak xhbﬁr%ﬂar&fftﬁer&gﬁnié he
e ofga

al um num sour,ce, the phosphorus source, the silicon source, ni c
al cohoPs anamiag & watertiRd.3300al i xture is 6-30: 1: 0.5-5 : 0.01-1.0 :

0.01-0.50: 0,441 5. The, sol vot her.nal synt hesi s. p ss of SAPO nol ecul ar
si eves accor ']"’ng tS(S’TY:‘ﬁQPIfWﬁl &yng?esbsn PRCPE |%d§‘gﬁa h@P&?‘H’é"“‘al HRYFFum
source is afyordiifz & Rt YrlaD dHeetensed ie tha! tﬁ@l:ﬁé}ar%ﬁmdff%gwx%g?@ de,

al um num chl oride, and al um numsulfate or a m xture thereof.
sol vot her rBmIBE A Wateras Jrp388s of SAPO nol ecul ar si eves according to claim

1 or 2, characterized in that the phosphorus soutce,ls, any, one of 30
orthophosphoﬁid'c ?R\ed,soh%qthﬁﬂ’aglpf?gp S imocﬁsﬁ)h‘bépﬁ%k)@, mlﬁcaﬁ%o%sm%e or
a m xzyr eatdhsdat to clairh 1 02€2, SHarABALERn WA BB ShEIR 1 RGE6OF anfﬁ &g@:@c
nol ecul ar sieves according to 'claiml or. 2, characterized in that e
silicon source is any one of silica solgy ethyl orthosilicate, and silica or
a mxture thereof. 58. The solvothernmal synthesis process of SAPO 34
nol ecul ar sieves according to claim1 or 2, characterized in that the

organic amne is any one of an organic primary, secondary, and tertiary
am ne or a mxture thereof.




‘9. The sol vot hermal synthesis process of SAPO 34 nol ecul ar sieves according
to claiml or 2, characterized in that the organic amne is any one of ro
nmor phol i ne, piperidine, isopropylamne, triethylam ne, diethylam ne,

di - n- propyl am ne, diisopropyl am ne, hexanet hyl enei m ne,

N ,N,N Ntetranethyl-1, 6- hexanedi am ne, and N, N-dii sopropyl ethyl am ne or a
m xture thereof. 10. The sol vothermal synthesis process of SAPO

nol ecul ar sieves is accgr(gw& to claim1 or 2, characterized in that the
organi ¢ arAAHG © WALETA3,2-G68U8i et hyl armi ne, triethyl ami ne, norphol i ne,

hexanet hyl engiqm v Ot bEHLT ' ] f.

11. The sol vgltsr?erq?]r?al syér\l'!%1 %ﬂ?&%@gﬁi%@%ﬁ?ﬁﬁ%@ El Ms#é@%rts %zé‘gegr di ng
to clai m lacmordingctoaclairhelr bz 2d charatterizetitia thiPBerading wini¢ is ity stepsbi@ any
one of SAPO- 5, SAPO 34, SAPO 11, SAPO 17, SAPO 18, SAPO 35, SAPO 40,

SAPO- 41, é%ﬁdil ; SAPO- 56, and RHO SAPO or a m xture thereof. 12. The

sol vot her mal ;gyn Si I i r el . claim
1 or 25.5 char é?t e@geéa}‘ﬁ{tﬁﬁ% %&nﬁﬁs}g fﬁ}lgg %)é 0 f ﬁ}@@fg@ﬁfe%u%ngs#\ﬁeg to
water is Caczbrdidg to clal@. 1 Bre2,seHavaitbeirédin shyattthedrgstallpetion @ineSHABe

- mol ecul ar sieves accaording to claim1l or 2, characterized in that the nolar

rati o of tiﬁép@DéSaﬂxit@ To#ayse to water is 1.5-300. 14. The sol vot her nal
synt hesi s prqees f PQ mol gcul ar, sieves 30 a i to,claiml or 2,
characteri ze C7f nﬁ'ﬁatsgﬁf?g’m r sygheglsofprpﬁgssorcgtgtﬁ‘gi’ E)glrr‘?’ﬂée et BYCS s

3.0-300. accbrdinth® €lRIMOt bR Bharayferediif tRAtAB8 ProssTOHRIRLAfPHRE aSi eves
according to claiml1l or 2, characterized in that 'the aging tine'in the step

b) is O 5-stspief separatimge washing, and dayingythe iseystallized preduatfofSierochol ecul ar
i eves accordi,ng~t.0,claiin 1l orf 2, .characterized,i.n that the cr -al |, zation
Chme in the. dBerCefold St poll-oaly AR Flohs Hpich ¢ cobfesAe b fssr <
process ofs%faema¢f§,yhﬂfes§i;ﬁtseéss?&fcsmp@ﬂmuéb‘ﬂé@éiewés &cotdi A&frgni zed

in that the process further ‘conprises a 10 step of separating, washing, and
dryi ng t heor2yandbte caldinedad 400 -6100:2E pn ajr. 18. Catal ysts for

acid-catalyz g r ac#i ons, which .,are synthesjzed by the, sol vot her mac{
synt hesi s prg es(gatﬁ ys§A§@ ‘Fﬁﬂ"@éﬂ?‘ér“"%%/ 0 e&gﬁ‘ﬁ:ﬁam@&llegaﬁqmow ?2",0 and
are calgi ngekils, dHich a?@g}'&h'eg'iz@ﬂ:%/ the dsolv&tﬁilg‘i%‘]} %ﬁfﬁéss‘is écceﬁsg R LPON

reacti ons of oxygen-contal ning conpounds to are
synt hesi zemdigculbe sievky atdending teylaimek bs 2pand ass caltingdr® 400 €F00&C m eves
accordi ng ;i?"cl aiml or 2, and are calcined at 400 - 700 Cin air.

27



