WD 2005/ 072870 PCT/ US2005/ 002209 METHOD FOR MAKI NG
MESOPOROUS OR COVBI NED MESOPOROUS AND M CROPCROUS
WO NORGANRVC OXI DES BACKGROUND 1. Field of thePCT/US2005/002209

I nvention The present invention relates to an inproved
nmet hod of maki ng i norgani c porous oxides which can be
used as catal ysts, catal yst supports, or adsorbents.

2. Background of the Art Various nmethods are known for
maki Nng METHOD EORMAGSING MBS OPUROUSWRCEOMRBINED

i cr opgiRSHPORPIEEAND MICHOEPORSUSTROIEEANGE: GRIDRKES
having a dianeter Tess than Z nm WwWhile NeESOPOres are

defined as having pore diameters of from2 to 50 nm

The inorganic oxides can be used as catal ysts,

catal yst supports, or adsorbents. Optionally, the

i norgani ¢ oxi de can be BOHNERAUNR h zeolites. U. S.

Patent No. 6,358,486 to Shan et al., which is herein
1. Pixldoptredbeshtioy ref erence, discloses a binpbda

anor phous i norgani c oxide with nmesoporosity or

conbyeste s Mvaisbr ki 169h Aapiaved BRhod o MRMkRHSinbQanic porous
preparing the oxide. U S. Patent Application

o e b e RORUGIRAE RS eyl Mirpduet Sy M8LRNGs. .

mat eri al which includes a m croporous zeolite, such
as zeolite beta, zeolite Y or ZSM5 supported on a
mesopor ous i norgani ¢ WO 2005/ 072870 PCT/ US2005/ 002209

2. Backiosmtof the Ast | i ca or al umi na. Met hods for naking
and using the catalytic material are

Various methods are known for making inorganic oxides containing mesopores or

micropores. Typically, micropores are defined as pores having a diameter less than 2
nm, while mesopores are defined as having pore diameters of from 2 to 50 nm. The
inorganic oxides can be used as catalysts, catalyst supports, or adsorbents. Optionally, the
inorganic oxide can be combined with zeolites.

U.S. Patent No. 6,358,486 to Shan et al., which is herein incorporated by
reference, discloses a bimodal amorphous inorganic oxide with mesoporosity or
combined meso6 and micro porosity, and a process for preparing the oxide.

U.S. Patent Application Publication US 2002/0074263, which is herein
incorporated by reference, discloses a catalytic material which includes a microporous

zeolite, such as zeolite beta, zeolite Y or ZSM-5 supported on a mesoporous inorganic



al so described. \Wile various nethods are known for
meki ng non-crystalline nmesoporous and m croporous
wonoersgard7e oxi des, it woul d be advant ageous t oPaTAISR®@®S®02209
expensive materials and have a nore environnental ly
conpati bl e process. SUMMARY A nethod for making a
oxjesupbpbtiicher awnien Methedsdpomekivs mind neipg theustalytic material are
i norgani c oxide is provided herein. The nethod
alsoalepuribeds t he steps of: (a) reacting a source of
inorganic oxide with at | east one .conpl exi ng agent at
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.porous nmateri.al_.grecurs hayi ng an i norgani c oxi.de )
i PEORRASNS PO BT S et b A iegus P g s pepeasive materiols
formng agent; and (c) renoving at | east a mmjor
angh BaYg HRoET enviiengeniaty eoppatthle poesisng agent from t he
i norgani c oxide framework by sol vent extraction and/or
cal cination. The nmethod advantageously facilitates
both the use of inorganic sources of oxide and

recovery of organic poreg{gifidigyagents, thereby
provi ding environnmental advantages as well as cost

savings TAl LED DESCRI PTI ON OF .PREFERRED .
EVEADTRERT S g BT RSEh PTGy Paas grifrgpprous

. cost-effective process to synthesize non- crystalline

IngrgaBee¥ide & Wevidsd ey Theapgibedeamprises dsottens oL (a) reacting a
I norgani c oxides for use as -2 W) 2005/072870

solRCH H{IBRORBI0NARODith at least one complexing agent at a complexation

temperature to provide at least one complex; (b) decomposing the complex to provide a
porous material precursor having an inorganic oxide framework containing at least some
organic pore forming agent; and (c) removing at least a major portion of the organic pore-
forming agent from the inorganic oxide framework by solvent extraction and/or
calcination.

The method advantageously facilitates both the use of inorganic sources of oxide
and recovery of organic pore-forming agents, thereby providing environmental

advantages as well as cost savings.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S)
The present invention provides a new, cost-effective process to synthesize non-

crystalline mesoporous or combined mesoporous/microporous inorganic oxides for use as
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catal ysts, catalyst supports, adsorbents and nol ecul ar

si eves. The oxi des have three- dinensional randomy
wonv@roozatmect ed nesopores or conbi ned nesopor e BCaMS2005/002209

m cropores. The oxides or the conbination with oxygen

of one or nore elenents selected fromgroups |VB, VB,
catplysts, eatalyst sppports, gisorgepts agr moleoplar sjeyes. The gxidgs{Hape three-

and | anthani des. Particul ar exanpl es of netal
diraémesicaral sndomlyiaeerSinnedibd mEsopoyes dEfcombimedr@ssoStres ald,

G, N, Co, Zr, Cu, My, Bi, Nb, M, Zr, Sb, La, Ce, Te

miBRPors. TRE oRies 85 HBRYMBRati B Wah Q%8G S0 dne®r more 8lements
contai ning only one type of netal ) or m xed oxi des

e, C | R ety enent e
solehd ropE BObRL NP o 1 St TS, Vi, A TR B A e
can, range from 0.0001 to about 0.9999. The oxide
lanthapidss; Pariculy ckaeplenobneiebelcwpradnciide Sadl. Téné, G ZR, Fe, Sn,
at 0.3-3.5 degrees in 20 in the X-ray diffraction
Mg,"GRD) Cpatrt €unblg, BhiNd) MdreSpdngd€ef De andoWws alhesadsis igay be
bet ween 25A and 440A. Nitrogen adsorption reveal s that
putd 0:3dé (18N8 BnBSRAPPERSyHR Qxhétaglo@ thik&l S4id& (.6 ORdntaining two
about 15A to about 300A, "and surface areas of from

Ut 1, ./ nd;. ore vol.ume .of .

« RS0 it ol SgmBRPl by fiold MEo 81 B BaBRLRa R TSk oxige can
oxi de conposition, The conposition of the present

rangg e 5(9581:%&1?%9198%9-m croporous materials, such as
zeolites, incorporated into the structure. The
congds iokidsreoomesition of te isgension shabyatleast omspeak phdB-05 degrees
a catal yst conposition. As part of a catalyst the

in 20 P8Rl X irgpdigiradtiof (TXRBE BatlefseWhicBtofBshoR8s Ak Bshl sp8cing
conmponent of a catalyst, or it can be a catal yst

bR 95 A anldrlmbﬁ@ I@fﬁ%geﬂ) édsﬁﬁnltiioﬁ ?evetaﬂ%hé:cqma% %ﬁaib?enmgsfopgpe%

ranging in size from about 15 A to about 3OOA, and surface areas of from about 40 to
about 1,250 m*/g and a pore volume of from about 0.3 to about 2.5 cm’/g, depending
upon the oxide composition.

The composition of the present invention can include microporous materials, such
as zeolites, incorporated into the structure.

The composition can be used as a catalyst or as a part of a catalyst composition.
As part of a catalyst the composition of the present invention can be an active component
of a catalyst, or it can be a catalyst support. In the case of silica, the composition of the
present invention is mainly used as a catalyst support or matrix, which can support

precious metals, e.g., Pd, Pt, and Rh, for many applications, e.g., hydrogenation,
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present invention is mainly used as a catal yst support
or matrix, which can support precious netals, e.g.,
wedposRr287and Rh, for nmany applications, e.g., PCT/US2005/002209
hydrogenation, -3 WD 2005/072870 PCT/ US2005/ 002209
hydro enol ysis, etc. endi ng on the functlonallty of
hygiogenqlyds, é deengnding r?éﬁg%ﬁmﬁ‘lifélah?}’d?fﬁb% incpiperatechelpmoets, the
weak, nedlun1 or strong acidity. Consequently, it can
compogitigr ean Itavackdakgmedismyer steagiaotdjtyalCopbeauentty, it can catalyze
acyl ati on, polynerization, dehydration,

cradRitigt s61eARt AN alkMAHo S @S PbfioH, bépj&ﬂe@laat%n @El%%‘étfon
compounds. The conposition can al so have redox

dex?'frgga{atnoﬁs 's&l?urfz%ﬂo ﬁ} c?rgxglg cgrﬁg&m ¢ L[g% 859 | pgs1%( 161G also

exene pro
sel ective oxldatlon of alkanes clododecane
hays redem BIoRRELes: WB%CE@%P%almepgm%gn 0 yﬁﬁr@m & Piokspene,

aromati cs and ammoxi dati on of ketones. Addition of
ethybanal o fropyiene, sstaepivs oxidaivnofffatirases (peg. cpgladoderane, ofclohexane),
hydr ocr acki ng, (de)hydrogenation, and

alcdBsle lahd binfrds] BRirodylation®reRmeatiel afd hinfiRxalatith BRketbR. Addition
conposition can be used as an acidic catalyst for

of ﬁfe@a@%‘io@ﬁzs B §1tt1%)/r1 offfefsq}lé ’abﬁ”rq)g:of Hydf acﬁlf%(@wggengtmn

ortrmrx |ng

X|des the conposition can
ang e %‘Ef@ %@naﬁﬂgm%n}&%f% Jumingy 5 AEMOSIgh cae bebteryag an
oxi dation of organics. The conposition of the
acidipvaatalysd forcaacking, appii¢rdibation, dbat Hicys blso be useska edtalgits (a
part of catalysts), catalyst supports, absorbents and
suppotaasirial B} @v@porating BirdiIb) -StE61eVB-V IND-T6 ffixddeRGddsNthe
a source of inorganic oxide with an conpl exing agent

COﬁg%sgtrli&g{é@ lgei(t?s(e{i gg g{l S&gﬁgrcgﬁﬂﬁgco%ﬁ%g e%(étﬂlg o38Hbn of
orgaln{%g.n ‘ﬂlg rc%tlﬁgbsmo | Clh the 91’|1V%1’? 1(')1{ cza? S‘beta?)%l1leci1 gsr cga?aﬁys%s co- catalys%/s (a
part of catalysts), catalyst supports, absorbents and molecular sieves.

The method herein includes reacting a source of inorganic oxide with an
complexing agent at a complexation temperature. The complexing agent comprises at
least one amine, preferably an alkanolamine, which solubilizes the inorganic oxide by
forming a complex such as an alkanolamine-inorganic oxide complex. The complexation
reaction includes heating a mixture of the amine and inorganic oxide source to a
complexation temperature of typically from about 150°C to about 250°C, preferably from

about 180°C to about 220°C for a period of time ranging from about 10 minutes to about

48 hours, a pressure of from about 0.1 bar to 2 bars, and under an atmosphere of air or
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form ng a conpl ex such as an al kanol am ne-i norgani c

oxi de conpl ex. The conpl exation reaction includes
waeadsioizg7a m xture of the ami ne and i norgani ¢ BETAS2005/002209

source to a conplexation tenperature of typically

from about 150C to about 250C, preferably from about
ingigEEs sushabsifrogeR 0Cafzon. At panpevadtues abover 5080 ghangprfiglexformed

about 10 m nutes to about 48 hours, a pressure of
beftwedn 1Al Mbrgdhid obide ah®@the cb eﬂt@@l‘é&rﬁ@ AL RS0

of air or -4 WO 2005/0728 P / US2005/ 002209 i nert -

dé&@ﬁl&éééq% dScrille Hrbgg)o . L @fg&oﬂi thét f%r% e rtathg ffven \%o%lagthod the

250C t he conpl ex e |norgan|c

t he conpl exin nts desc her ei p
et e St B EEb ép 65 &?ﬁ@g@f BT RABERAgU fehelow
step of the inventive nethod the conplexation
2408&mper at ure shoul d not go above 250C, and preferably
shoul d be bel ow 240C. In one enbodi nent of the

I v elintoine Bribodinhd10 b thei ibveKbAl CheSAGHEERIC GRIUeRBURB c B Srganic
compound. The organic groups in the organic sources of

co?ﬁﬁﬁﬂ@n ke 91?&%1‘3 og‘f@\%s ifl ?ﬁqu anid §Hu ceg)ﬁ?m i@ B0 8l fhclude, for

rboxylic Kyl ups. Sich ni c sources
r.aet orth03|J|cate

o pplen Bl oo @(8&5%%@? o SRR it nlude, o

[ sog&opom de), magnesi um al koxi des (e.g., magnesi um
EXSHIR Fea@ythyw@qsm@@ted ﬁB@ﬁnhglummall@mea (e.asa hc

sources of inorganic oxides are neutral and m xed

isopeoaxade) anbgresium plkbyided @ld. anagrssamsdiiedxids), &id late @BHounds.
al umat rane, titanatrane, and other such conpounds as

Aldb ﬁ%f@l%%r%ﬁné%o%trcéa S 'ﬁ{btr oﬁdfsl e ﬁ&ﬁra‘?g%l gré%ggl/anionic

to Lalne e ., and pat nt application

po%lzmetglflooxanes Lol s silatrane, alumatrane, titanatrane, and other such compounds
as disclosed in U.S. Patent No. 5,418,298

and 5,216,155 to Laine et al., and patent application WO 98/27010, all of which are
herein incorporated by reference.

More preferred as a source of the inorganic oxide are inorganic sources such as
hydrated or unhydrated oxides or hydroxides of the desired elements, or salts of the
desired elements such as nitrates, carbonates, ammonium salts (e.g., ammonium
molybdate, ammonium tungstate, ammonium dichromate), etc. Preferred sources of
silicon oxide include silica gel, silica hydrogel, silica aerogel, silica sol, fumed silica, etc.

A preferred source of aluminum oxide is aluminum hydroxide, alumina oxide or



herein incorporated by reference. Mxre preferred as a
source of the inorganic oxide are inorganic sources
weuaeis/0a%s70 hydr at ed or unhydrat ed oxi des or hydpPOxiuse®s/002209
of the desired elenents, or salts of the desired
el ements such as nitrates, carbonates, ammoniumsalts
alufoémgn salsmAvepanationnafi nydsdpereys magnssiuonrxida gan epploy magnesia,
anmoni um di chromate), etc. Preferred sources of
maghdshii® Ry@vkidie or RedeHekeurf ishltsC agfdriing kdureea hydr ogel ,
Silica aerogel, silica sol, fumed silica, etc. A
prefer. r : ; i
by ar BiGhe 8 o Brehic TN PEAS o SIcA UTBAR material, this
PCT/ US2005/ 0022Q9 al umi hum.salts. Preparat.i.o f .
empadig)sak RIS HRGHESH HAteRiaeEn &%fﬁgaé%?%&?"%?rx@h%lslﬁ Jes8 expensive and
" magnesi um hydroxi de or magnesiumsalts as_ a starting
cassario bendlenTh&motgraicsadois convpaier dnte 6o OEgMRIOIOMMEF Hafive
oxide as a starting material, this enbodi nent of the
| NV anE cempRkaigl peil prbfeaddly sragmiling [sonirafet least 1610°C spreferably
| ess expensive and easier to handle. The inorganic
at %{ﬁéé %ggﬁt% 969('3,"5151%@ cbitbQuitiha¥raMhiGo SRIMD| Srefdribl§ by

i npl'eXing agent preferably has a boiling point

of at | east . 16QC, preferabl .at., | . and
alkpgolamingigoenia oh Grhes ey vifne §aTea Mginid dke

al kanol am ne capable of formng a ,conplex with the .
Aldesilansiges mmgmgtuwndl@ presenk BVeMEH lﬁ@éﬁ%nhuf g ot ﬁB’Fted to,

use in the present invention include, but are not
tristhidiaHink CTEAY, téitibepropamolanend, Tgppanolamine, tris-

tri-isopropanol am ne, tripropanolam ne, tris-

hyg%G%S@)é%Q%ﬁﬁﬁ%ﬂLaﬂe,@N?@iﬁf‘eth%thhﬂﬂlﬂﬁh@ yihe thabekacistiereof.

atrons thereof. A significant feature of

Lgﬁ@ Eifgiaﬁnlc%ntl irégtlelPet ci)totﬂe %rsesetntc] Avehfish RlkaM! AR amine performs

two functions. In the first instance it functions as a complexing agent to solubilize the
inorganic oxide. But it also then functions as a pore-forming agent to facilitate the
formation of the inorganic oxide into a mesoporous (or Mesoporous/microporous)
structure.

Optionally, one or more organic solvents are used in conjunction with the
alkanolamine complexing agent. Preferred solvents include glycols such as, for example,
ethylene glycol (EG), triethylene glycol, tetracthylene glycol, propylene glycol,
tripropylene glycol, and tetrapropylene glycol. The organic solvent should have a boiling
point of at least about 100°C, but lower than that of the alkanolamine complexing agent.

Most preferred solvents are ethylene glycol and propylene glycol.
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two functions. In the first instance it functions as a
conpl exi ng agent to solubilize the inorganic oxide.
wauvosior2sabso then functions as a pore-form ng RQEMS2G06/002209
facilitate the formation of the inorganic oxide into
a mesoporous (or mesoporous/ m croporous) structure.
Opt i Qptainalty, anradkati such pesadiiuga hiydroxwleysdivn gaonate dr petassium
conjunction with the al kanol am ne conpl exi ng agent.
hyBfci®S b os@bMB da8bdratd dad ®e ali¥sb shSwbhuRsdesérifed above to
exanpl e, ethylene glycol (EG, triethylene glycol,
ac&f%xfa eché‘%ng)‘@x?&&ﬁ%écﬁopf opyl ene glycol, tripropylene
gl'ycol, an etrapropylene glycol. The organic sol vent

shoul d have a boilin oint of at | t about 100
oo e el BBl AR ot b recussor

agent. Most preferred solvents are ethylene glycol
Thencpmpesitiemef e gooblex rGuidDiPOBT BF2@Te-forming agent, the molecules
PCT/ US2005/ 002209 Optionally, an al kali such as

of SAHEHIAB Ry OMtDEst SR U FgiRtRO KA. The iRaLAEs poties of the
hydr oxi de and potassi um carbonate can be added to the

seg%%% lli'lé(gg%{lﬁé 6%1dBE theft QQM@%CE Arondd &R %ﬁ&&% of Pﬁre—forminlg agent to form

on reaction. n a second step e conplrex 1Is

deconposed. to.form a rous materi ecursor.. The.
o RASEOTBOSR oG P heY o P RO A ¢ and it G fiShig gtide s
pore-form ng agent, the nolecules of which aggregate
detarmined hysthe pgerogates qfpora-fouming agenle Whinhearp faprpaipside the
speci es of the selected inorgani c oxides then coal esce
inéiganio dxidecraheredrr A\ @brganicexideyorpatc agepositedi.é.pa poroas material
porous inorgani c oxi de framework. The pore size of the

e
distribute throughout the inorganic framework. More importantly, these aggregates are
well-arranged with a certain spacing unit.

Decomposition of the complex can be accomplished, at least in part, by
hydrolysis. In particular, water or an aqueous solution is added to the complex or
mixtures obtained in the previous step. The aqueous solutions can be neutral pH, acidic
(e.g., a pH below about 6) or basic (e.g., a pH of above about 8). Acidic solutions can be
selected from inorganic acids such as nitric acid, hydrochloric acid, or sulfuric acid, or
organic acids such as acetic acid, formic acid, or other carboxylic acids. Basic solutions
can be selected from inorganic alkalis for example, such as potassium hydroxide, sodium

hydroxide, ammonium hydroxide, or sodium carbonate. Suitable organic bases include

for example, urea and/or tetraalkyl ammonium hydroxides such as tetraethyl ammonium
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i norgani c oxide framework. A inorganic oxide/organic

conposite (i.e., a porous material precursor) is
woanismd2870 N whi ch t he aggregates of the pore-fBCmuUSEN05/002209

agent honogeneously distribute throughout the

i norganic framework. More inportantly, these

hydrggifegatresethylemmenimdrdarmédoniFraprapy ermagmius padioide, and/or
unit. Deconposition of the conplex can be

berBReARIHySEhedonia hykidslidd, andar tetrabytylphyshhohipsi sydréxide, and/or
?ﬁrtlcular, water or an aqueous solution is added to

dim 182 Wiurd ™ & obtained in the previous

m% éb&l {HS’lclea aqgellous };satcr)%t?ons can be neutral pH, acidic

e.qg., a. ow about or bhasi 0.

Sboduieatlthgfic bl bt dffopno ey fisfing f aBiufrytyre sbove
i norgani ¢ acids such as nitric acid, hydrochloric

256061 chyreforablyiicf aiteimperatire of §om Zxl e abaik #a8° (s yagye ggeferably from
acetic acid, formc acid, or other carboxylic acids.

ab&RA2N76°G B aBoupNSO° (LN 2 periskd ftihe chnpingrram abgrdi. Chours to about
al kalis for exanple, such as potassium hydroxi de,

24 %g?%gﬁ?g{%yﬁg%h{j ouf B YTt i 0 hbe8, P@éfeﬁ?@i, 8&Bomposition by

| U|taDI e organi c bases include or

exanpl e, urea anpd/or. tetraal kyl . ammni um hydr oxi des

he@!}’cgﬁ’aagetpéf P‘&’é‘?‘ﬁ&lﬂi COWB%‘?%W"MYW%%/ o72g7o
PCT/ US2005/ 002209 hydroxi de, tetranethyl . [ .
hy diioR ingkt step 3 BYAICPPBIOM Of&ﬂ%?@%bw&%?@%ﬂ?ﬁ @F organic
benzyl tri met hyl ammoni um hydr oxi de, and/ or

pottorbist afephie sphovdd forh it mxésie, thaindtgnic framework of the porous
di met hyl di et hyl anmoni um hydr oxi de. Alternatively, the

£AREE PEisARHUIRBS 8ebopERAL byl Gort X amples BFl@ErR et traoti
maglgg\?é? E&%@ ,ﬁlgr Ee%er ably togl‘}ba1 ten‘p}gr at ur epof g?lr om gs?clon

oo 6B BB SR A RS ARt o
accomplished by immersing the porous material precursor in a suitable solvent such as
water, alcohols (e.g., methanol, ethanol, isopropanol, etc.), ethers (e.g., methylethyl ether,
diethyl ether, methyl t-butyl ether, etc.), ketones (e.g., acetone, methylethyl ketone, etc.),
or esters (ethyl acetate, propyl acetate, butyl acetate, ethyl propionate, ethyl benzoate,
etc.), or mixtures thereof. The pore-forming agent can be recovered from this extraction
step and recycled, thereby reducing synthesis cost and adverse environmental impact.
Calcination is typically performed by heating the porous material precursor to a
temperature above 400°C, preferably from about 401°C to about 1100°C, more preferably

from about 450°C to about 700°C, for a period of calcination time ranging up to about 48

hours, preferably from about 1 hour to about 48 hours, and more preferably from about 5
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24 hours, preferably from about 2 hours to about 16
hours. Preferably, deconposition by heating can be
weoeodsmrzeed i n conjunction with hydrolysis. | n BCHa%2005/002209
step a major portion of, and preferably substantially
all of, the or%anic pore-form ng agent is renoved
torabgh 20eouss r Bislesably Hbe pHeingtion is perfomeadoaticr sflvert@xtraction,
porous material precursor. This step can be
althouginpithes tisosdiyent BoractisasptAcinsin@ntbe@etfontéd 416ne.
and/ or calcination. Extraction of the pore-formng
agenthdinefhod off ife fb4ANRAL &I di%hn $8 MeLBLy ABEHERsH 3? ?qgﬁnla%de
i mersing the porous material precursor 1na suitable
ent syc s water, alcohols (e.qg., .methanol,
oo Rb A sTHE Baftes iR sied by Bt énflsingioe s nyhe fng product.
ether, diethyl ether, nmethyl t-butyl ether, etc.),
Totisveore  ynabilid thmiellowinghypeadhes cRebonerforated: ), or
esters (ethyl acetate, propyl acetate, butyl acetate,
et hyAftprtbpicomatexatiat sigy, dbammzmaition of dhiccomplex cai bd por¥med by
thereof. The pore-form ng agent can be recovered from
hydPd1$si 86 SGIpIE bySi8R g Ier o8 G Slﬂlﬁéil)us E&lﬁfi&% the 45bRTes formed
synthesi s cost ‘and adverse environnental 1 npact.
. ' | |.S.: icall erformed by heating the
in 0 sk R oS ot Be B P REH A PrORER L at r e above
400C,. preferably from about 401C to about 1100C, nore
pr ef8¢pihs Porqus maerinl Pregutser ¢4y ophienallyseoaged figm about 20°C to
period of calcination tinme ranging up to about 48
abhout29°Cooed peradyl of dgimpnimédouing updunebdwt 48muts. 48pthwatls, the
and nore preferably fromabout 5 -8 WO 2005/072870
miRbak U200 2t80IdPEPIN d freRBRMHA 20N A BmpBFAli8 bRBbY aoRE50°C to

calcination is perforned after solvent extraction,

d ' ent t,racti.on or.cal ci nation
ot PP ORGS04 o EEIEREAR O R ALEAR g
i nvention can be flexibly nodified so as to provide
room temperature.

Next, the porous material precursor can be dried to remove most of the Volétile
compounds (e.g., water, alcohols) by heating to a temperature of from about 60°C to
about 140°C for a period of time ranging from about 1 hour to 48 hours.

Next, the dried material can be autoclaved at temperature of from about 120°C to
about 200°C for a period of time ranging from about 1 hour to 96 hours.

Finally the porous material precursor can be treated by solvent extraction and/or
calcination at a temperature above 400°C to remove any organic compounds contained
within the pores of the porous material precursor to provide the mesoporous or combined

mesoporous/microporous inorganic oxide material.
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control over such features as pore size, pore vol une,

and surface area in the final product. To achieve
weoanws/07eaamabi 1 ity" the foll owi ng procedures caRCiDAIS2005/002209

performed: After the conpl exation step, deconposition

of the conplex can be perfornmed by hydrolysis, for.

exafipé ecompysitieitiofiihe WaerRiongan sanRiL RIS TeFE tynes AT £eplitH tor

conpl exes formed in the first step to provide the
exeR1O\Fefrned kevlitpeamderasded toNbx tomplerepairzined inethe firsssynthesis

precursor can optionally be aged from about 20C to

stof} ggg{e pﬁ&ﬁuieodesai%ﬁrabe&é. of d @GNS th PBolFtaBEH Bedsti tbgether with

hours. Optionally, the mxture can b

e
aut ocl aved i.n.a pressurized.ve & ur

wafts gragtt sapion B ER5 S0 ABuKTRE ey At GRRBIECHL Syfivle
to about 2 days, with or wthout previaou %%I ng at,. .

zeqlisemfiot aebesicn inrthe cquangsitionipd ﬂ%}’oméiﬂgl%fl%lflg%l ]b?rg 6‘8% ligjted to,
can be dried to renove nost of the volatile conmpounds

zedlRe ¥, zeolitt &, zedllte Dhadoli)e Ayzeobtthetey m@d@ime&@@ag?ﬁﬁu—@ﬂsm
fromabout 60C to about 140C for a period of tine

1] 2§‘M‘i&9 AP apgML sl 358 L IICAB-220MGM-3¢; REH-3, kilicdliteeand
mat eri al can be autoclaved at tenperature of from

..about, 120C t bout j i [
s fr B o R G s Ine Bt B PELIEAD, RO,
mat eri a recursor _can t b t
ME&M%tME?N:éYIWWﬁ DD@aMfﬁaM%g?T% gﬁ ﬂﬁdﬂz@%}\éfgt ure above
400C to renobve any organi ¢ conpounds contained w¢thin
t he Ipadditionto tdire jesy oysnsivt ard mbrepmaionmentallncoIpRA} bR

the nesoporous or combined mesoporous/m croporous
in %%ig BRide sttt rcl)lgﬁﬁﬁlrs,' Bdecon@aEn 200 6f hé2thod of the present

US2005/ 00
invention is the recovery of the organic pore-forming agent before final calcination. This
recovery can be accomplished by (a) extraction using solvents, and/or (b) pre-calcination
under nitrogen, argon, or other non—oxidizing gas.

With respect to extraction, suitable solvents are those which can dissolve the
organic pore-forming agent without damaging the porous inorganic oxide structure. Such
solvents can be selected from water, alcohols, ethers, ketones or esters, or mixtures
thereof, as mentioned above. The pore forming agent can be recovered from its solution
in the solvent by, for example, distillation.

With respect to pre-calcination heating, a stream of non-oxidizing gas, such as

nitrogen or argon, is passed over the porous material precursor which has been heated to a

temperature sufficiently high to evaporate and/or decompose the pore-forming agent and

-10-



The conposition of the invention can contain one or
nore types of zeolite. For exanple, preforned zeolite
woamshe2eadded to the conpl exes obtai ned i n t hePETNSR2005/002209
synthesis step of the procedure described above
Addition of the zeolite can be done together wt
formpaiodnf thpeaHlicienidp gemeye mast oaﬁ%ﬁtmmﬁy aliaf %hedwf%formmg
wat er or aqueous solution. Suitable zeolites for
agértdtats tleninbigahicextiespustutd. oypitaltyh éhd tamperaiuon canrehgrelom
but are not limted to, zeolite Y, zeolite X, zeolite

bB t 125@@@"&5 Sheht 336W . Tig: of MeAtdRNihe rada@diom about 1
DTS 11, ZSM 22 ZSM2I TS\ 48, TZSM 58, %&Qy

hoB“’gM aéog& feggtw O%hé &r%'fblgfgmg oupa@tﬂeke%ﬁk%@regw

DDR, MIT, MFS, FER, and TC]\I
exﬁﬁpkdﬂlillilﬂt&ﬁ“@c‘fo%?ﬁ%thness expensi ve and nore

environnental | y conpatible inorganic oxide startln%1
mat eftieafollpwingsiomompdesauid Linageatife Examphastanopresintedifer the purpose
present invention is the recovery of the organic

of RiRrafi6h NTRE ERSiBPles NRER4AE fédtinel ok hveatioRNThelObmparative
recovery can be acconplished by (a) extraction using

Ex}?réo (S for%%ﬁ‘{ %ﬁsc‘rﬁ)urﬁ&s 5 G &4 ﬂ@ttﬂl{?%at d&fveRlibh. 086 position

I Zi ng gas respect to

extract|o sui table oIvent are t.has ich can

pedkestogRy B S 257 BRNFIED PO ESralpsr i BEAEd wi ¢ hout
damagi ng the porous inorganic oxide structure. Such
sol vents can be selected fromwater, alcohols, ethers,
ket ones or esters, or m xtures thereof, as nentioned
above. The pore for m@ywngaaive BamgieAr ecovered from
its solution in the solvent by, for exanple,

di sty |4 Atdd %agﬁ%%fg@?@eﬁt Lﬁ&xpsrﬂ?cahcs%h G808 siiRakbiie. First,

a streamo I Ng gas, SucC nitrogen or

9%%’%?9@1&130% %gf(ﬂgg%/egém}s WA&O oua?’tsn? eertflanola%urelg H‘ Pigj’ and 65 parts

of water. After 1 hour stirring, tetraethylammonium hydroxide (TEAOH, 35 wt%) was

added into the above mixture until the pH value reached 10. After 2 hours stirring, the
whole mixture was transferred into an autoclave and followed with hydrothermal
treatment at 180°C under autogenous pressure for 6 hours. Then the synthesis mixture
was dried at 98°C to remove water to get a thick gel. The dried gel was then transferred
into an autoclave to undergo another hydrothermal treatment at 180°C for 4 hours.
Finally, the dried gel was calcined at 600°C for 10 hours in air with a ramp rate of

1°C/min.

11-



tenperature sufficiently high to evaporate and/ or
deconpose the pore-form ng agent and -10 WD
waQen/072870 PCT/ US2005/ 002209 for a period oPCTiuse05/002209
sufficient to renove nost or substantially all of the
ore:zformng,. . .agent fromthe inorgani c oxide
Cer ugi’ﬁ ﬁg}ayﬂ%ag‘éw Wh@attemm%ﬂla%@a@reéw shovwed 31 @merphous
about 150C to about 350C. The period of heating tine
halahetwasn @8It 30 dagges ir2@nimbication that e findl praduotdid b6t possess a
hours. The pore-form ng agent can thereafter be

weBakfis@striyuref Nitrog2 aBRIrBiiortRvEd 169 1AM SirERB dRASRLLAR 200
The foll ow ng Exanpl es and Conparative Exanples are

m@%%%g%”ﬁgm{ﬁﬁegﬁ@dﬁﬂﬁﬂﬁﬁﬁ- of illustration. The

Exanpl es 1 strate teatures of the invention. The
Conparative Exanples are for conparison purposes and
do not illustrate the invention. Conposition
percentages and parts are by wei ght unless otherw se

i ndi cat ed. Conparative E<ampbratite FnampiedB Conpar ati ve
Exanpl e A, Ludox silica sol was used as silica source.

Fi r sIn thisSQomperhtivedixaiploR willerghsyaeudbdse dilioh kburds First, 19
parts of triethanol am ne (TEA) and 65 parts of water.

p#%g&%ergggﬂ%ﬁ'v&%sﬁgg%gw W@b@g@& &Iﬂ%({%ﬁ{l ‘3)rﬂeagt§ of water

ed into t above m X

' H val reached 10. r hours stirri ng,
o bl (088 B el o BB RSeran EET e B ssbet gt was
and followed with hydrothermal treatnent at 180C
drigdepd P8 Yo frgdrivuss andeskoined at 6P0E fowd P hourBiveith 4 teenp rate of
synthesis mixture was dried at 98C to renove water to
1°¢#tmira t hick gel. The dried gel was then transferred
into an autoclave to undergo anot her hydrot her nal

tr earRERRDAYatbAPG thOkindl JIOMIGE showed a crystalline material, sodium
silicate. Nitrogen adsorption showed about 25m?g in surface area.
The following examples are successful in terms of mesoporous material

preparation using the process of the present invention.

Example 1

First, 30 parts of silica gel, 74 parts of triethanolamine (TEA) and 60 parts of
ethylene glycol (EG) were loaded into a reactor equipped with a condenser., After the
contents of the reactor were mixed well with a mechanical stirrer, the mixture was heated
up to 200-210°C while stirring. This setup removed most of water generated during

reaction together with a small portion of EG from the top of the condenser. Meanwhile,
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Finally, the dried gel was calcined at 600C for 10

hours in air with a ranp rate of 1 CUmn. -11 WD
waQen/072870 PCT/ US2005/ 002209 The X-ray dif f pacmiSems/002209

(XRD) pattern of the final product showed an anorphous

hal o between 20 to 30 degrees in 20, indjcation that
mashef thie it ansk Badeemained ioihe pest e Biigureng) iter abpyidiys hours,

structure. Nitrogen adsorption revealed a | ow surface
he#iraw e stafpedi andQle raatiigh midue vasaatieped afteicpeling down to 55°C.

di stribution. Conparative Exanple B In this

T}M@Ha{cﬁhtrh&%u%m@u@%&vﬁr&na&a a\@@ﬁxm@ﬂ as silica
ource. First, 19 ~“parts of waterglass ('14 w % NaCH,

-27 % e _m x t and

27 OB G M of o ‘Ze[%"ieﬁa (P

Then the synthesis m xture was t 98C for .
enen,ihe symthcel s nauce vee) drled gt o rﬁ“‘?‘ﬁﬁ'g while

rate of 1 Cmn. The XRD pattern of the final product

stisfirppend Ao gelyfstradd. i ereamtdesilied gel padiclenwesé filterad eut and weighed

Ni trogen adsorption showed about 25n2/g in surface

aba . ThE 1if;eid! soWiibE padt s ldeisd af S8 EURE RS Bbuik td solidedhumks of
mesoporous nmaterial preparation using the process

of t.h resent invention. Exanple 1 First, 30 parts of
dn§fllnil5§ g 74 parts of triet hanol am' ne (TEA) and 60

art f t hy. | yeal
Peacfmo @@lgp ggﬂll%r&%gélg%% Was ¢ cal cg%eq‘é)gb@ £6r fb hours in air

with a ramp rate of 1°C/min and finally a white powder sample was obtained for analysis.

The XRD pattern of the dried mixture exhibited an intensive reflection at about
1.1 in 20, indication the characteristic of mesoporous material. Nitrogen adsorption
revealed a surface area of 860 m%/g, a total pore volume of 0.66 cm®/g and a mean pore

diameter of about 3.5 nm.

Example 2

This example demonstrates pore “tunability,” i.e., the ability to prepare materials
with predetermined pore diameters or pore volume by selective variation of the treatment
conditions (e.g., autoclave heating time and/or temperature) of the synthesis mixture. The
synthesis mixture and procedures are the same as that of Example 1. The dried mixture
(obtained by drying at 98°C for 25 hours) was divided into three (3) portions designated

herein as Samples 2-1, 2-2, and 2-3. These three portions were transferred into

-13-



contents of the reactor were mxed well wth a

mechani cal stirrer, the m xture was heated wup to
waQmsaIsZowhi | e stirring. This setup renoved nBeT/US2005/002209
wat er generated during reaction together with a snall

211'pe,g)r ion of EGfromthe t&g%of t he condenser.

SRS 106! Placed ipoverst 1 86 Aty diffsTentprO0dy @220 showstin Table

of the EG and TEA remained in the reaction m xture.

1AtAlE porgbitiiwas ineasunalnsnitropeddsoptisas st opped; and t he
reaction m xture was collected after cooling down to

55C. This reaction m xturerygsslightly brown,

denoted as m &qﬁ Ftad r and 60
parts of aquegﬁg%gi}) cl’ﬁtlﬁgﬁ 0 este?lgg%irﬁ%?%mn?\qg% um
hydroxide—(TEASH—S35%9—were—added—rto—themxtyre |
\Sﬁnﬂpl k& syﬁﬂémg tﬂmggnro 9§ Idstﬁlﬁrceaﬁbg Jm&gggmﬁwg I& | P&g diameter
gel pay tautecdsvewer B30°CI(hOr 4d oghy/@nd yel abqut

The Iiguid solution pa(?? was 6(ﬁltrlig::)d a 9gc %)r 29 hou{%n)
t-o—sot-d—chthks—et—dr+edxture—Fpird—one partion
of2-the| dried nixture was dal ci7sed at 600@ fior 10 hourg
N a T W th—a Tamp rate—ogf—t+—c-mr—ard—Hrata
wii-Ze powder sah®l e was oltai me® for|analoyssis. |The 15
er?rD paftern of the adried 1 Xture exnbrted—an
igtensive refle®dion at atout 4201 in| 20, Lilddi cafi on 22
the characteristic of nesoporous material. N trogen
adsorption revealed a surface area of 860 n2/g, a

t ot alAsRAf Be ¥&@hYiEn ‘Tfablg-12?0%’Hginngﬁtgﬁ%d$(om§ine%%§eél with increased

1 V\’\LI 2L

—th

di aneter of about 3.5 n hi's exa
J rates pore "tunability," i.e., the ability to
h%?@ggﬂr?ﬁe& material s

Example 3

This example demonstrates that an alkali solution is not needed for the hydrolysis
of complexes. First, 24 parts of silica gel, 76 parts of TEA and 62 parts of EG were
loaded into a reactor equipped with a condenser. The same procedures were followed as
described in Example 1. After about 8 hours, heating was stopped and a slight brown,
glue-like complex liquid was collected after cooling down to room temperature.

Second, 100 parts of water were added into 125 parts of the complex liquid
obtained above under stirring conditions. After one hour stirring, the mixture formed a

thick gel; the gel was aged at room temperature for 7 days.
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wi th predeterm ned pore dianeters or pore vol une by
sel ective variation of the treatnent conditions
woOeow/0728a0t ocl ave heating tinme and/ or tenperat BCEUS2F05/002209
the synthesis mxture. The synthesis m xture and
procg%urai %ée the sane as that of Exanple 1. The
dri ed HExEHEck gelpyasidiededinteina prytions dsEnhied hefin as Samples 3-
hours) was divided into three (3) portions designated
lhedéith Hee Sarpirtensowdre ti@nderrahitittwd aufdesestahd Beated up to 70°C
portions were transferred into -13 WO 2005/ 072870
{32 @TdndSA00ut <) 0330 iveBU I THeh ANRS +dh Sel8 lw%&e&hécf’at@)‘ée(.?g%lla% hours.

180C for different periods of tinme as shown in

: ' i t ' . .
e P R T G .
tiks BRebEr reddicineiiay B80R i piior [hgure Ny rpapTBlecf
C(nn)_ 2-1 4 750 0.71 4.0 2-2 12 450 0.87 15 2-3 42
14oun. 11 22 As can be seen from Table 1, pore

di aneter and vol une increased with increased heating

t i meTh&pamopiteoSthdde Butssaifidsds se@Tableat es that an
al kali solution is not needed for the hydrolysis of

conpl exes. First, 24 parts gf;sjlica gel, 76 parts of
TEA and 62 pa&‘o?os?tfy o’%%él\éeagnples obtained in Example 5)

Sample Heating time in Surface area Pore volume | Pore diameter
autoclaves at 70°C (hr) (m?/g) (cm’/g) (nm)
3-2 6 752 0.70 3.7
3-3 11 688 0.75 4.4
Example 4

This example démonstrates mesoporous alumina synthesis. First, 150 parts by
weight of aluminum hydroxide, 320 parts of TEA and 240 parts of EG were loaded into a
reactor equipped with a condenser. The same procedures were followed as described in
Example 1. After about 5 hours, heating was stopped; and a slight yellow liquid was
collected after cooling down to room temperature.

Second, 25 parts of water were added to 50 parts of the above complex liquid

under stirring. After one hour stirring, the mixture formed a thick gel.
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| oaded into a reactor equipped with a condenser. The
sane procedures were followed as described in Exanple

wa 2005f0r2870 about 8 hours, heating was st opped ardTAS2005/002209
slight brown, glue-like conplex liquid was collected

after cooling down to roomtenperature. Second, 100
par t $15f, thagel wasdrieday 88 fortld hromdghert warsfertadanto an autoclave
conplex liquid obtained above under stirring

arbhedited wnie. 1 88PE€ dor DheurkoBinaldy thergeNgas tMensd #t600EC in air for 10
formed a thick gel; the gel was aged at room

hé@BPethal {h hRlof 1 °day®. - 14 WO 2005/072870
PCT/ US2005/ 002209 Third, the thick gel was divided

i nt o\t It | . gnat ed, herel n .as_.Saml es 1
- 2. NPER R 85 S R GR Py NP B SR B s o BT
aut ocl aves and heated up to 70C for 6 and 11 hours,
S‘Fﬁascsé«@@i abQut 494 om /gy erage mpsproTRMicanciriofd. Snm @gtotal pore
for 23 hours. Once again they are |loaded into
velumeoff idsnafgl heated up to 180C for 2.4 hours.
Finally these two portions were calcined at 600C in
air for 10 hours with a ranp rate of 1 Cmn. The
porosity of these four sanples is listed Table 2.

Table 2 (Porosity of th¢E§%gﬁf§§ obtai ned in Exanple

5) Sanple Heating tine i e area Po;e voI;Jerls
[ t 70C (h n2 c
( ey ThES R efiopgases SouBIes efiFasipn obingavaléhps & solvent. First, 200

parts by weight of silica gel, 555 parts of TEA and 418 parts of EG were loaded into a
reactor equipped with a condenser. The same procedures were followed as described in
Example 3. After about 6 hours, heating was stopped and a slight brown, glue-like liquid
was collected after cooling down to room temperature.

Second, 100 parts of water were added into 125 parts of the liquid obtained above
under stirring. After one hour stirring, the mixture formed a thick gel; the gel was aged at
room temperature for 1 day and afterwards subjected to a hydrothermal treatment in an
autoclave at 180°C for 50 hours.

Third, a small portion of the gel was transferred into a cellulose thimble. The
flask of the extraction apparatus was filled with 150 parts of water. The sample was
extracted for 9 hours. The extracted material was dried at 120°C for 2 hours, and

calcined at 500°C for 4 hours with a ramp rate of 2°C/min. The resulting material had a
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Exanpl e 4 This exanpl e denonstrates nmesoporous al um na

synthesis. First, 150 parts by weight of alum num
waypadsegesde, 320 parts of TEA and 240 parts of BCGIwsem®s/002209

| oaded into a reactor equipped with a condenser. The

sane procedures were followed as described in Exanplg
BRT syxfacg areghefi3 3 Gm g rore Heliriernf lnkascmy o pipbean avgragegpore diameter

slight yellow liquid was collected after cooling down
oftla.8&rm@am t enperature. Second, 25 parts of water were

added to 50 parts of the above conplex liquid under

stirring. After one hour stirring, the mxture forned

a thick gel. -15 WD 2005/ 072870 PCT/ US2005/ 002209

Third, the gel was driedEgt Eigg for 12 hr, and then

transferred into an aut nd heated up to 180C
for 3 hours. Finally the gel was cal cined at 600C jn
ai r Thys exapplp dgscsibi the synthesisolaesepeRous yRgNesiuROKidsgd A3 Parts
adsor pti on nmeasurenent showed that the final alum na

of MO {9BEY was addedde aamisturodf Fyqarts 40 friefilnglanzine LA )ayd 418
nmesopore dianeter of 4.5 rimand total pore volune of

pagts df leﬁl g tglﬁ&?{ﬁﬂhﬁir@us_}_h TTHe SRR WadeaRALb 180ES where the
ex

oxhl e raction using water as a solvent. First,

200 ar b L0 ST L : r
i LB o 20 gl L PR b i
equi pped with ag&londenser. The sane procedures were
thepoloibdows OB 8E -bed in Exanple 3. After about 6

hours, heating was stopped and a slight brown,
gl ueThiitké30)i ppuis @f the paste obtained above were mixed with 16.2 parts of water

to yield a gel. This gel was aged for 1 day at room temperature. Then it was dried at
98°C for 12 hours and subjected to a hydrothermal treatment at 180°C for 1 day. The
resulting gel was extracted in a Soxhlet apparatus with ethanol for 9 hours. The resulting
material was dried overnight in air, dried at 100°C for another 2 hours and calcined at
500°C for 4 hours with heating ramp rate of 2°C/min. The final product showed a BET
surface area of 65 m?%g, a total pore volume of 0.44 cm’/g and an average pore diameter

of27.1 nm.

Example 7

This example shows the procedures of the pre-calcination under nitrogen to
remove the majority of the pore-forming agent. About 514 parts of the paste obtained in

Example 5 were mixed with 278 parts of water, and aged for 24 hours at room
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was collected after cooling down to roomtenperature.
Second, 100 parts of water were added into 125 parts
wofodshe2d470 qui d obt ai ned above under stirring. PETUS2005/002209
one hour stirring, the mxture forned a thick gel; the
el was aged at roomtenperature for 1 day and
tegme r ddte sigfuEe vasdues at 98 fenddraves totabeain awinied igel. dfhe dried
aut ocl ave at 180C for 50 hours. Third, a snmall portion
g fwasisabjgetied g hydrathsfresl tedtndnt in @ aabdlaNeasa SO Pol4shours.
The flask of the extraction apparatus was filled with

150 PRéd the AkichBbiBias tlMSeBRARLE 2 RS al%.g{ag% t’l%g &Qgegginaﬁon was

hours. The extracted material was drie
| i 06 f hours With a ra .
eI St gy o SROELT O B PR b borediE hatibe ProRefi@ Cimin to
1%%&5{}07 87? PCT/ US2005/ 002209 = BET surface area of 336
g0ld bt Bowep frgidio 29576, old for hihetrars Giraindg $0pYF.dwold for
dianeter of 13.8nm Exanple 6 This exanple descri bes
1.6 houesy iiedlyithe gds stresm yars subscqBgmswitthakirom. nitdg&nRa kirby
of MJO (99% was added to a m xture of 557 parts of
stépviies herokiagitnep o9 Moe 30 dir H3800P& e 1 9tni i i
gl ycol (anhg]dllrﬁg%s). ﬁe n%rx%ure \/\/g?heatngg@tl%ﬁl%%%?mgthe
Xt [ a.paste. T terial )
o B T e B R BB B aer e 8 pure ai,
hirty (30) parts of the paste

b goolfd down ove&giidght. )
CCHE ANHREPIEHRL0 Wi requitingppaterialiad o BET giface arqapf 43
%/i eld a gel. This gel was aged for 1 day at room
mt/ gripletad pareevolithe nf 0.24 v/ gand enl amérage pore diameter of 22.2 nm.
While the above description contains many specifics, these specifics should not be
construed as limitations of the invention, but merely as exemplifications of preferred

embodiments thereof. Those skilled in the art will envision many other embodiments

within the scope and spirit of the invention as defined by the claims appended hereto.
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98C for 12 hours and subjected to a hydrothernal
treatnent at 180C for 1 day. The resulting gel was
wexbrsacessd i n a Soxhl et apparatus with et hanol PEDUS2005/002209

hours. The resulting material was dried overnight in
ai r| dried ﬁt 100C for another 2 hours and cal ci ned at

L s With heating ranp rate of 2C/ min. The
final product showed a BET surface area of 65 nR/g, a
t ot al. Avarethoddbumekiog aGnesdpeneBs gr comabingd MeWPALPYSHHLEPPOTOUS
diameter of 27.1 rim Exanple 7 This exanple shows

inbRAnRI xR FisiHe thbistey € cal ci nation under nitrogen
to renove the majority of the pore-form ng agent.
Abou .par. i 3 :
o oD RS PRt S S A TIPS, fopesation

hours at roorH?- 1? WO 2005/ 072870 PCT/ US2005/ 002209
teppRIEHS QPR Y Idpik Ieasthang ca >dried at 98C for 24 hours

to obtain a dried gel. The dried gel was subjected to

a hybrdschapesing theahlesstmneicamplexdo Peeiids/@perous Beterigbpregursor
hours. Then the dried gel was transferred into a
hadvidtdrainof dahitaskede [FdiRevpork codainingitileast yase orgait ipete-fatitning
under a nitrogen flow of 300hr-' and foll owed a
a%@?ta.hﬁ!g program 3C/mn to 190C, hold for 1 hour,

'mn to 295C, hold for 2 hours, 5C/min to 600C, hold

for 1. ream wa

5 hour Finally the st .

s ubsSEBRYIAG L rtHBEOf PUORL s uRiic pafFomging agent from the
_stepwi se increasing the percentage of air by 20% every
inpegamoraridsrahewerk iyl sglviegt eimctieeamsiorpalpinatign. 600C. The

tenperature was mai ntai ned for another 3 hours in pure

air, before the oven was cool ed down. The resulting

material had a BET surface area of 43

2. The method of claim 1 wherein the source of inorganic oxide comprises at least
one inorganic oxide of at least one element of one of Groups IVB, VB, VIB, VIIB, III, IB,

IIB, IIIB, VIII, VA, IIIA, IVA, A and lanthanide of the Periodic Table of the Elements.

3. The method of claim 2 wherein the inorganic oxide comprises at least one
oxide of at least one element selected from the group consisting of Si, Al, Ti, V, Cr, Zn,

Fe, Sn, Mo, Ga, Ni, Co, Zr, Cu, Mg, Bi, Nb, Mn, Zr, Sb, La, Ce, Te and W.

4. The method of claim 1 wherein the source of inorganic oxide comprises an
organic compound selected from the group consisting of tetraethylorthosilicate and

aluminum isopropoxide, silatrane, alumatrane and titanatrane.
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in2/g, a total pore volume of 0.24 cnB/g and an

average pore dianeter of 22.2 nm Wile the above
wdeswsro7ga7o on cont ai ns many speci fics, these specrflise®s/002209

shoul d not be <construed as limtations of the

i nvention, but nerely as exenpllflcatlons of ref?rre

enbédThemethodidelein 1 wheseia thgrqurescplimorgpmic gxide i sqlected from

envi sion many other enbodinments wthin the scope and
hyéraiedi dr vahydrbed oxides)thydroxades defrates datbpnaths oc kainpanium salts of at

appended hereto. -18 W) 2005/072870 PCT/ US2005/ 002209

leal¥ ¥k rh§ta%c'l§@[?rdr§the]groﬁp p&isheidg bosi, MKTiNY, &r, Zn, Fe, Sn, Mo,

rresopor ous or conbi ned mesopor ous/ mcr opor OUS

e N 8 st CRMPcaR AP B a5l IR B T gent. v 5

conpl exation tenperature to provide at |east one
conpl ex; b) deconposing the at | east one conplex to
provide a porous material precursor having an
| nor@ahe methddde claimntewberkindbesaired elgnenganie g¥idegy pidica source,
organic pore-formng agent; and c) renobving at |east
sel%cﬂgﬁlﬁ%'in @1@@6%0&&@1sﬁ1‘?§0@§‘1@@i@e¢ spathylegel, sidicagaogelf srahfumed
I norgani ¢ oxide framework by sol vent extraction
1and/or calcination. 2. The nethod of claim1 wherein
e source of inorganic oxide conprises at |east one
i norgani c oxide of at |east one el enent of one of
Goups IVB, VB, VIB, VIIB, IIl, IB, 11B, BIB, VIII,
VA, IRA IVA I1IA and | ant hani de of the Periodic Table
of th&hEmetiEntof clém Mvbeneit the sowste ef iaprganic ideds AlugHaum
i norgani c oxi de conprises at |east one

hydroxide or alumina.

8. The method of claim 1 wherein the source of inorganic oxide is selected from

the group consisting of magnesium oxide and magnesium hydroxide.

9. The method of claim 1 wherein the complexing agent is an organic compound

having amino groups.

10. The method of claim 9 wherein the complexing agent is an alkanolamine.
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oxi de of at |east one el enent selected fromthe group
consisting of Si, A, Ti, V, C, Zn, Fe, Sn, M, G,

waoli2p05@a287&r , Cu, My, Bi, Nb, M1, Zr, Sb, La, Cecr/Ts2@5d02209
W 4. The nmethod of claim1l wherein the source of

;2?;%?2!@&; %ﬁ%ﬁwg%gﬁél}é(ﬁ@ﬂ%@p él?qr £ angiggPsos%Pe%ted from the group
tetraethylorthosilicate and al um num i sopropoxi de,

caisisting af dricthinalemingnigi-soptopinodavaine dnipropancame, tris-
2005/ 072870 PCT/ US2005/ 002209 5. The nmethod of claim

hildrékehehilehddenifétbend) N, Naiihg@ilethaslafiind snds@ngsih&ibns thereof.
from hydrated or unhydrated oxi des, hydroxides,
nitrates, carbonates, or ammonium salts of at | east
one netal selected fromthe group consisting of Si,

Mo b TikgmeTha SBelaing) whttein s copplexiid 5ok Cofpined with a
nmet hod of claim 1l wherein the source of inorganic
ghgoldelvest.si | i ca source, selected fromthe group
consisting of silica gel, silica hydrogel, silica
aerogel, and fumed silica. 7. The method of claim1l
wherein the source of inorganic oxide is alum num

hydr xi-6& Emal BRI 18 whifieh MRLIRE] vt & dBekiedTRIE b group

t he source oP I nor gani ¢ OxI gne IS selected from the

o B e St SRS BB i SR A LspsOFYiene gty

conpl exi ng agent is an organic conpound having am no
triprepiiene glycol Thbtetraptoplons gborei m 9 wherein the
conpl exi ng agent is an al kanol am ne.

14. The method of claim 1 wherein the complexation temperature ranges from

about 150°C to about 250°C.

15. The method of claim 1 wherein the step (b) of decomposing the complex

comprises hydrolysis of the complex with an acidic, basic or neutral pH aqueous fluid.

16. The method of claim 1 wherein the step (b) of decomposing the complex

comprises calcining the complex at a temperature of from about 251°C to about 400°C.
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-20 WD 2005/ 072870 PCT/ US2005/ 002209 11. The met hod
of claim 10 wherein the al kanolam ne is selected from
woOheosgrzaap consi sting of triethanol am ne, PCT/US2005/002209
tri-isopropanol am ne, tripropanol amne, tris-
hydr oxynet hyl eneam nonet hane, N, N-di net hyl et hanol am ne
and o ﬁ’bﬁ methoshef dlaar bwhereintthe soffent gsirpsiPnsPMPrisesHumersing
wherein the conpl exi ng agent is conbined with a
thgbyoo natdriak ptecurkdr inBreelveat svdattadf frarh dhagrd@p vdresisting of hater,
gl ycol solvent is selected fromthe group consisting
al&fhoi-’st Q%EﬁnEetgﬁééCQslters bAd %Mhﬁ%s%éf@dﬂ tetraethyl ene
gl ycol, propyl ene glycol trlpropylene gl ycol and
tetrapropylene gl ycol . 14. The nethod of claim1
wherei n the conpl exation tenperature ranges from
about 150C to about, 250C. 15. The, net h%td of claim
wher & Ahe methadef dlaim bvhersinghp salringtion S&W é%npﬂses heating
conprises hydrolysis of the conplex with an acidic,
thb asrons araterial preahrspHoagempasturt af fom abéut AHEC e abod 190°C for a
claim1l wherein the step (b) of deconposing the
&f@sﬁmf%eqaﬁghg%?% Gt UBhBErst he conplex at a
tenperature o rom about 251 C to about 400C. -21 WO
2005/ 072870 PCT/ US2005/ 002209 17. The method of claim
1 wherein the solvent extraction conprises inmmersing

t he orous e pr rsor in. a solvenf selected .

1 ot oo gt eimtanlLberomiRiag e s Bhesncs fpitus materia

ketones, esters and conbi nations thereof. . _
precursor at a temperature of from about 20°C to about 120°C for a period of time

ranging up to about 48 hours.

20. The method of claim 1 further comprising the step of drying the porous

material precursor after ageing the porous material precursor.

21. The method of claim 1 further comprising the step of heating the porous

material precursor under elevated pressure for a period of time of up to about 4 days.

22. The method of claim 1 further comprising the step of adding a zeolite to the

complex of step (a).
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18. The nmethod of claim 1l wherein the calcination of

step (c) conprises heating the porous materi al
wonresrson to a tenperature of from about 401 E€CTWS2005/002209

about 1100C for a period of tine ranging up to about

48 hours. The net hod of, cl ai mL further nprjsin

t he % dpe Bffeﬂ&{ﬁ HlaRL 2 Bheseia spidizsplitgis Sea?cé%lﬁ%rth%sroap

tenperature of from about 20C to about 120C for a
copsistimgrlofofeotite®, zeohegl rgolite Lt, cecllio iy, zédithbeirsmoBnite I%eZ-32,

met hod of claim11 further conprising the step of

ZSh1ys, 7$Mne, POMOLS ZSNRDS! 7S48, FSM-S8] MM e, RUENVING, PREL-3,
porous mat eri al precursor. 21. The met hod of claim1

sﬂu%@c%?awfgﬂpﬁhébng the step of heating the porous

precursor under elevated pressure for a
period of tinme of up to about 4 days. 22. The nethod
of claiml1l further conprising the step of adding a
zeolite to the conplex of step (a). -22 WO
200524) T28 1eetireTe fybiaob fupberagnprizsg thastepef esgveringtha organic
22 wherein said zeolite is selected fromthe group
poE®Rstititg AgenPfrome@t bbuymatesial pleeurdor. zeolite L, zeolite
A, zeolite beta, nordenite, SSzZ-32, ZSM5, ZSM 11,
ZSM 22, ZSM 23, ZSM 48, ZSM 58, MCM 22, MCM 36, PSH- 3,
silicalite-l and silicalite-2. 24. The nmethod of claim
1 further conprising the step of recovering the
organic pore formng agent fromthe porous materi al
precursor. -23
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