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This case is a contlnuatlon in-part of U S. Patent ’ Application
Serial No. 08/258,396 filed on June 13, 1994. Background of the

| nventi on In the field of oxide-supported catalysts, in 5
general, and especially for olefin polynerization _ catal ysts, it
is often desired to renmove surface hydroxyl groups fromthe oxide

support particles before and/or

- 2 -

This case is a continuation-in-part of U.S. Ratent
Application Serial No. 08/258,396 filed on June 13, 1994.
Background of the Invention

'In the field of oxide-supported catalysts, in

5 general, and especially for olefin polymerization
catalysts, it is often desired to remove surface hydroxyl
groups from the oxide support particles before and/or
during manufacture of the supported catalyst.

In the past, various thermal and/or chemical

10 treatments have been used in an effort to achieve

| dehydroxylation of the oxide particles.

Thermal treatments (i.e. calcining) are advantageous
from the point that they do not add undesirable chemicals
to the support and that they are relatively simple

15 inexpensive proceSses. Unfortunately, thermal treatments
are often ineffective for achieving a high degree of
dehydroxylation. Further, for many porous oxide supports
(e.g., silica gel), thermal treatments often result in an
undesirable loss of pore volume, shrinkage of the pores

20 and/or loss of surface area.

A variety'of chemical treatments have been
attempted. Many types of chemicals have been used such
as organo aluminum dompounds, magnesium chloride/.
dehydrating agent combinations, organosilanes,

25 ' | halosilanes, silazanes, etc. These various chemical
procésses are often expeﬁsive and may result in the _
addition of undesired or complicating constituents to the
oxide support. ' T - =
' Thus, there remains a need for improved techniques

30 for dehydroxylation and improved dehydroxylated supports.
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during manufacture of the supported catal yst. In the past,

various thermal and/or chem cal 10 treatments have been used in an
gffort to achieve- . dehydroxyl ati on of the oxide particles.

Thermal treatnents (i.e. calcining) are advantageous fromthe
point that they do not add undesirable chem cals to the support
and that they are relatively sinple 15 | nexpensi ve processes.
Unfortunately, thermal treatnents are often ineffective for
achieving a high degree of dehydroxylation. Further, for many
por ous oxi de supports (e.qg., silica gel), thermal treatnents
often result in an ' undesirabl e | oss of pore vol ume, shrinkage of
t he pores 20 and/ or | oss of <s@& face ar ea. A variety
of chem cal treatnents have been ] - attenpted. Many types of

chem cal s hZ&aMumg t as organo al um num cenpounds,

nagne3|ur1chlon(kﬁe 1nven$ﬁon ﬁ¥3ﬁiﬁé§ldﬁhjﬂﬁﬁﬁyl&ﬂéuf&%%f@Ssupports

or ganosi | an al 0sj | i | azanes ese vari ous
cheni cal %av1ng unigne s%’eé aﬁfe%eﬂisei&ﬁ%s? W?@y result in the
addi ti on of conjsesiteiows cmmlimaénmmmme:erpm\rméé\emproved oxi de
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In one aspect, the invention encompasses porous

dehydroxylated oxide particles wherein said silica
comprises less than 10 millimoles (mmol) surface hydroxyl
groups per gram of oxide and wherein said silica
10 | comprises alkoxy and/or aryloxy groups on its surface.
Preferably, the oxide particles are silica-containing
particles more preferably silica gels. '
In another aspect, the invention encompasses a
_ method of'removing hydroxyl groups from the surface of an
15 oxide particle, the method comprlslng.

' {(a) contacting the hydroxyl-containing ox1de with a
carbonate selected from the group consisting of
dialkylcarbonates, diarylcarbonates and
mixtures thereof and a base to form a mixture,

20 (k) heating the mixture whereby the hydroxyl-
containing oxide and carbonate react to
eliminate at least a portion of the hydroxyl
groups and to form alkoxy or aryloxy groups on
the surface of the oxide,
25 (c) recovering the dehydroxylated oxide formed in
step (b). _
Preferably, the reaction is carried out in a noh—aqueous'
environment. If desired, the dehydroxylated support may -
be further treated to form a desired chemical |
- 30 - configuration on the oxide surface and/or to place a
desired catalyst on the support.
These and other aspects of the invention will.be
described in further detail below. -
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provi des dehydroxyl ated oxide supﬁﬁf%s———~———————having uni qlje andREPLACED

sinplified surface chem cal 7 05|t|on The i nvent
provi des inproved 5 - met hods S droxylated oxi de
supports. I n one as tlon enconpasses porous

dehydroxylated oxi de particles mher conprises | ess

than 10 millinmoles (mmol) surface hydroxyl groups per gram of

oxi de and wherein said silica 10 conpri ses al koxy and/ or aryl oxy
groups on its surface. Preferably, the oxide particles are
silica-containing particles nore preferably silica gels.

I n anot her aspect, the invention encoﬁpasses a met hod of renoving

hydroxy! of QYU Bt AGE F ¢ilb Yhvention O 0° PATticle. the method

The invention broadly encompasses dehydroxylated
oxide particles characterized by very low surface
hydroxyl content and by the presence of alkoxy and/or

5 aryloxy groups on the particle surface. If desired, the
alkoxy and/or aryloxy groups may be further reacted with
other chemicals.

The oxide particles of the invention may be
virtually any refractory metal or silicon oxide.

10 Preferably, the oxide composition is one conventionally
used as a cétalyst support material. It is also
preferred that the oxide particles be porous. Preferred
oxides are silica, alumina, aluminum phosphate, silica
alumina, titania, silica titania, magnesia, silica

‘15 magnesia and mixtures thereof. The oxide particles are
preferably amorphous particles such as amorphous
precipitates or amorphous gels. Amorphous silicas and
supports based on amorphous silica are most preferred.

The hydroxyl content of the oxide particles may be

20 measured by any known suitable technique. Preferably, a
spectral analysis method such as DRIFTS is used. The
hydroxyl content of the dehydroxylated product may vary
depending on the initial hydroxyl content, the desired
degree of dehydroxylation, etc. Preferably, the hydroxyl

25 content is less than 10 mmol per gram of oxide, more
preferably less than 1 mmol/g. Most preferably, the
oxide is completely free of hydroxyl groups on its

surface. h -
The degree of porosity in the dehydroxylated oxide
30 may be any level that is achievable in the starting

hydroxyl-containing oxide. Preferably, the )
dehydroxylated oxide particles have a pore volume of at
least 0.3 cc/g. More preferably, the pore volume exceeds
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(a) contacting the hydroxyl-containing oxide with a
carbonate sel ected fromthe group consisting of

di al kyl car bonat es, di aryl carbonates and m Xt ures

t hereof and a base to forma m xture, 20 (b) heating the

m xt ure whereby the hydroxyl - ' cont ai ni ng oxi de and
carbonate react to _ elimnate at |east a portion of the
hydr oxyl groups and to form al koxy or aryl oxy groups
on the surface of the oxide, 25 (c)
recovering the dehydroxyl ated oxide formed in ' step
(b). Preferably, the reactdon is carried out in a non-aqueous
enV|ronnent | f desired, the dehydroxyl ated support nay be

further trepledsge f§iﬁli‘?£’ig' '€l CBEFESEE Bfea of théoNfiguration on the
or

oxi de surface a desi red catalgst on the support.
These and dﬂﬁﬁyd§9§!%§§e€f°¥h€elH%Eﬁ%?%ﬁsmﬁ?v be any level thatcifped in

further detgihid@ABYe in the starting hydroxyl-containing oxide.
Preferably, the dehydroxylated oxide particles have a
5 © surface area of about 50-1000 m?/g.

The alkoxy and/or aryloxy groups on the oxide
particle surface are believed to be substituted for at
least some of the hydroxyl groups on the surface of the
oxide particles. The net effect of the substitution is

10 to replace the hydrogen of the hydroxyl group with an
alkyl or aryl group (i.e., —-OH being replaced by -OR
where R is an alkyl or aryl group). Preferred alkyl
groups are selected from the group consisting of methyl,
ethyl, propyl and mixtures thereof. In principle, other

15 alkyls may also be used. A preferred aryl group is
phenyl, however other substituted aryl groups may also be
employed. The total amount of alkyl (alkoxy) and/or aryl
(aryloxy) groups'on the oxide surface is dependent on the
number of hydroxyl groups present on the oxide to be

20 treated. The amount of alkoxy or aryloxy groups is
typically about 10 mmol/g or less (but greater than
zero), more typically about (0.1-3 mmol/qg).

The invention further encompasses methods for
forming dehydroxylated oxide particles. The methods of

25 the invention generally encompass a step where hydroxyl-
containing oxide particies are reacted with a
dialkylcarbonate or dlarylcarbonate in the presence of a
base whereby at least a portion of the hydroxyl groups .-
are removed or eliminated and alkoxy or aryloxy groups

30 are formed on the oxide particle surface.

The methods preferably involve formation of an -
initial mixture containing the oxide particles (to be
dehydroxylated), the dialkylcarbonate or diarylcarbonate,
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surf ace hydr oxyl content and b of ‘al koxy aks

enconpasses dehydroxyl at ed oxi 'Eﬁ‘ml eg Repldeay act eri zed y vep;g'p,_mg

aryl oxy groups on the particle surfi ed t he alkoxy and/ or

aryl oxy groups may be further reacted with her chemcals. The

oxi de particles of the invention may be V|rtuaIIy any refractory netal
or silicon oxide. 10 Preferably, the oxide conposition is one

conventional ly used as a catal yst support material. It is also
preferred that the oxide particles be porous. Preferred oxi des are
silica, alumna, alum num phosphate, silica alumna, titania, silica
titania, silica titania alumna, 15 gnhesia, silica magnesia and m xtures

thereof. Thg,.3 a B8 PH Gty %}}e ﬂ&%?'ea%k%f%%b&go%is%a@dxféaeﬁass“Ch

as anor phous preC|p|tates or ~anor I'cas and
supports ba@eG@Nem%r(mfgthc@mw) hq&&eéﬁmr agatymixturesrhe

hydroxyl cogisehedloxilde gfa'r%ema%t | datbofte BDd badl® b Ry known

sui tabl e techni que. Pref spectral anal ysi s thod such as

DRI FTS i s uJbe Iﬂ9§EdlenWFdﬁ@%%lngbﬁméhﬂnéﬁ e BAYaR® product may
very  depeisimacid Mgy sbyluesiiremouetiende desired 25 degree

10 ol per” or amifie e BRREICISE Soobe KHeRae B ER ol g, NDst

preferably, hydeoxyl-containing oxlde. Preferably, the oxide
particles are selected from those described above
regarding the product of the invention. The particles

10 may contain any level of hydroxyl content. While the

o particles may contain some free water, it is preferred

that any free water be removed before the initial mixture
is formed. (e.g., by solvent ekchange or heating to less
than 800°C.) The oxide particles are preferably porous.

15 The porosity of the particles is preferably dictated by
the intended end'use of the particles. Preferably, the
porosity of the particles to be dehydroxylated is such
that the resulting oxide partiéles would be suitable for
use as polyolefin catalyst supports. '

20 : The dialkylcarbonate may be any such carbonate
capable of performing the dehydroxylating function.
Preferably, the dialkyicaronbate comprises alkyl groups

selected from the group consisting of methyl, ethyl,
. propyl and mixtures thereof, however higher alkyls may be
25 . used. Preferably, ‘the alkyl groups in the
dlalkylcaronbate consist essentially of C;-C; alkyls
(dimethylcarbonate being most preferred). The

diarylcarbonate may be any such carbonate capable of - -

performing the dehydroxylating functions. Preferred
30 diarylcarbonate is diphenylcarbonate. The amount of
dialkylcarbonate and/or diarylcarbonate used may be .

varied depending on factors such as the hydroxyl content

of the initial oxide particles, the desired degree of
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oxide is conpletely free of hydroxyl—groups on its sur f ag FHISSHEET HAS BEEN

The degree of porosity in the deh droxylated OXIde may any RERLACED-
that is achievable in the starti hmﬂH% d cont ai ni ng oxr de.
Preferably. the dehydr oxyl at mmu cI es have a pore vol une of at
| east 0.3 cc/g. More preferably, exceeds
-5- 1 cc/g. Simlarlys the surface area of the
dehydr oxyl at ed oxi de particles can be any level that is _
achievable in the starting hydroxyl -containing OXIde Preferably,
t he dehydroxyl at ed oxi de partlcles have a
- 7 -
dehydroxylation, the reaction conditions, etc. .

Preferably, about 1-15 mmol of dialkylcarbonate and/or
diarylcarbonate are used per mole of hydroxyl groups
contained in the oxide particles.

5 The dehydroxylation reaction is preferably conducted
in the presence of a base which is believed to catalyze
the dehydroxylation. The base is preferably one which
can be easily removed after the reaction has taken place.
In any event, it is preferred that the base be selected

10 to provide minimal.or no deleterious effect on the
resulting properties of the dehydroxylated oxide
particles. Mineral bases such as alkali metal hydroxides
may be empioyed, however preferred bases are amineQ
containing bases such as triethylamine (TEA)

15 tributylamine (TBa), ammonla, n-butyllithium,

' dlmethylamlne (DBA), anlllnes and mixtures thereof. The
amount of base used may be varied depending on the
desired rate of reaction. The amount of base added is
preferably about 0.1-10 mmol per gram of oxide particles

20 more preferably about 1-5 mmol per gram.

The initial mixture preferably contains a solvent to
facilitate mixing, etc. The solvent is preferably a
non-aqueous solvent. Organic solvents such as hexane,
tetrahydrofuran, toluené, ether and heptane are generally

25 . preferred. The amount of solvent used is not critical,
but amounts in excess of that needed to form a pourable
slurry are'generally unnecessary. |

Once the initial mixture is formed, it is then .-
reacted to cause the dehydroxylation. If desired, the

30 mixture may be heated to.about 30~150°C to facilitate the
reaction. The solvent is preferably refluxed during the
heating using any conventional refluxing technique. The
reaction is preferably conducted in a substantially dry
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5 surface area of about 50-1000 nferr]/g. The al koxy

and/ or aryl oxy groups on the oxide particle surface are believed
to be substituted for at. | east some of the hydroxyl groups on the
surface of the oxide particles. -The net effect of the
substitution is 10 to replace the hydrogen of the hydroxyl group
with an al kyl or aryl group (i.e., -OH being replaced by -OR
where Ris an alkyl or aryl group). Preferred al kyl groups are
sel ected fromthe group consisting of nethyl, et hyl, propyl and

m xtures thereof. In principle, other 15 al kyls may al so be used. A
preferred aryl group is ' phgpyl, however other substituted aryl
groups may al so be enpl oyed® The total anount of al kyl (al koxy)

on'the o' atmosphere, ( “fYeft gad MiSadied IF UL a8 Bl Brlibn "RRE) T
treated. Therefilennedof ﬁheoxgquiredytgagttpnnmﬁmésmay vary depepgingl |y

Shout (0. 1 eonoehE LEifokPLiod! 68 e ke, the tedfefirulllfsbdp Co!!Y
met hods for the desiredfdeareg @frjehysixoxylationdeetas ti EYRicaThe net hods

of525  rhAGLiONCRIHES SFECABbLY EUSHPNRGESsA Step where hydroxyl -
cont ai ni ng oxi de gﬁrtlc es are reacted with a di al kyl car bonat e

or di aryl car bonat ¥hifhet ke dehydrexytation can genexally e eshprietedast a

portion of tiw Ay4iA¥YL PEaEESon step, it & péSEiNDE €6 £bpsatatrd and
al koxy or ar f orme ' parti.cle

sur f ace. &%Xrg{q? .![IQ{S;J.%% et ﬂ%‘f‘%‘lfir%ﬁ? K% ¥ %&’\2%%?‘8@ e?. nB¥18R of an
particles and forming a new reaction mixture in the same
10 manner as for the formation of the initial mixture.

oOnce the desired dehydroxylation has been
adcomplished; the dehydroxylated particles may be
recovered from the mixture. Preferably, recovery can be
accomplished by simply evaporating the solvent and other

15 reactants. In some instances, it may be desirable to

' wash the dehydroxylated oxide with a solvent to further
move any residual reactants, etc. Preferably, however,
the reactants are selected such that they are all
removable bY volatilization. Preferably, the removal is

20 conducted under at least a partial vaéuum. If desired,
techniques such as spray drying may be employed.

The dehYdroxylated product will typically be in the
form of a free flowing powder having the alkoxy-and/or.
aryloxy surface groups cotresponding to the

25 alkylcarbonate and/or arylcarbonate used in the reacting
step. The recovered product may be further treated as
desired to place a catalyst or other constituents on its
surface. | : . ' - -

The invention is further illustrated'by the

- 30 following examples. It should be understood that the
' invention is not limited to the specific details of the
examples.’ | '
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initial mxture-containing the oxide particles (to be

dehydr oxyl ated), the dial kyl carbonate or diaryl carbonate,

6 ~and a base. The initial mxture preferably also contains a

sol vent (preferably non-aqueous) however, neat m xtures of the oxide
particles, carbonate and base may be used. . The ingredients formng the
initial mxture may be 5 conbined in virtually any desired sequence.

The oxide particles to be treated nay be any - hydroxyl - cont ai ni ng oxi de.
Preferably, the oxide particles are selected fromthose descri bed above
regardi ng the product of the invention. The particles may 10 contain any
| evel of hydroxyl content. Wile the particle may contain sone free
water, it is preferred that any free 9 - water be renoved before the
initial mxture is forned. (e.g., by solvent exchange or heating to

| ess than 800[err]C.) The oxi de Fxampke ek are preferably porous. The

porosity 15 of the Riid Bttedn® FAKEWARY 1oddeda@WatPYsd Rf 4 fadeghs
(Grace Davison 948) which had been c¢alcined at 400°C for
two hours. 250 ml of hexane and 34 mmol of tributylamine

5 were added to the flask, and the mixture was stirred for

two hours at room temperature to form a slurry. 360 mmol
of dimethyl carbonate was then added to the slurry. The
slurry was then allowed to react at room temperature.
(25°C) for about 24 hours. The reacted slufry was then

10 dried under vacuum and the treated silica was examined by
infrared (IR) spectroscopy. The IR analysis indicated
that substantially all the silanol (hydroxyl) groups
present on the untreated silica had been removed and that
methoxy groups were present on the surface of the treated

15 silica. No traces of amine on the treated silica.

_ Example 2

The procedure'of Example 1 was repeated except that
68 mmol of tributylamine were used, and 360 mmol diethyl
carbonate were used instead of the dimethyl carbonate.

20 The IR analysis of the treated silica indicated that

substantially.all the silanol groups present on the
untreated silica had been removed and that ethoxy groups
were present on the surface of the treated silica. No
traces of amine on the treated silica.

25 o ' Example 3
The procedure of Example 1 was repeated except that - -
34 mmol of n-butyllithium were used instead of the
tributylamine. The IR analysis of the treated silica
indicated that substantially all the silanol groups
30 present on the untreated silica had been removed and that



end use of the particles. Preferably, the porosity of the particles to
be dehydroxylated is such that the resulting oxi de particles would be
suitable for use as polyolefin catal yst supports. 20 The

di al kyl carbonate may be any such carbonate capabl e of perform ng the
dehydr oxyl ati ng functi on. Preferably, the dial kyl carbonate conpri ses

al kyl groups sel ected fromthe group consisting of nethyl, ethyl,
propyl and m xtures thereof, however higher alkyls nay be 25 used. '
Preferably, the al kyl groups in the dial kyl - car bonat e consi st
essential of Clerr]-(err] alkyls, e.g., dinethyl - car bonat e,

di et hyl caronate, nethyl ethyl carbonate, di phenyl carbonate and m xtures
t her eof . (di net hyl carbonat e beimghost preferred). The 30

di aryl carbonate may be any such carbonate capabl e of qgf I 1m qgeé he
dehydr oxy| alekRoXYn GEOMRS Were preggnt onythe surfege,of the frea

di phenyl car ggnaica.. The anmount of di al kyl car bonat e and/ or

di aryl carbonate used may be vari ed dependi ng on factors such as the
hydroxyl content of the 35 initial oxide particles, the desired degree of
REPLACEMENT SHEET
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7  dehydroxyl ation, the reaction-_conditions_etc_ _ Pref rEBiSySH%ﬁT S BEEN

1-15 mol - of dlalkylcarbonate and/ o di ar Icarbonate ar
of hydroxyl groups contai ned in t':mu!ﬁm;ii ’IIHII The
dehydroxyl ation reaction is preferablly; n the presence of a
base which is believed to catal yze t he dehydroxylatlon The base is
preferably one which can be easily renoved after the reaction has taken
pl ace. In any event, it is preferred that the base be selected to 10
provide mnimal or no deleterious effect on the resulting = properties of"
t he dehydroxyl ated oxide particles. M neral bases such as al kali netal
hydr oxi des may be enpl oyed, however preferred bases are
am ne-cont ai ni ng bases such as Tri®thyl ani ne (TEA) tributyl am ne (TBA),
amoni a, n- !E gaizY%itgiﬁnl glnethylanlne (DBA), anilines,
tertiaryam reof . The anount of base used may be
vari ed dependi ng on the desired rate of reaction. The anpunt of base
added is preferahl a e es nore’
pr e?er ably 20 a ?‘%‘?ﬁﬁ)ld%@;ﬂ%’w ed’oxide Iﬁ?gt%&ite% I“ﬁ%é%{flr’
preferably aamdalmde aomprisas less ftharn mmma.ldlmms sift supEae®| vent i s
pregerably g, P’I&% ?ﬁﬂitﬁé) Iof3c Iﬁégﬁ ane
tet?ahydrof uran ’iyll ene e'ttﬁeer(af#tﬁgp%a%?an m xt ures 'ﬂereo are
general |y poafige qomprisesnghiquprst sedieghiad from the group consisting

5 of alkoxy groups, aryloxy groups and mixtures thereof on

its surface.

1 _ 2. The dehydroxylated oxide of claim 1 wherein

' said oxide is selected from the group consisting of

3 silica, alumina, silica alumina, aluminum phosphate,
titania,'silica-titénia; magnesia, silica magnesia, and

5 mixtures thereof.

1 . 3. The dehydroxylated oxide of claim 2 wherein

said oxide comprises silica.

1 4. The dehydroxylated silica of claim 3 wherein

. said silica has a surface area of about 50-1000 m?/g and a
3 pore volume of at least 0.3 cc/g.
1 5. The dehydroxylated silica of claim 3 wherein

said silica is a silica gel.

.. This Sheet Has Been Rerlaced
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used is not critical, but anounts in excess of that needed THISTSHERTHAS BEEN

pourable slurry are generally unnecessary. . Once the |{niti dREPLACED
mxture is forned, it is then reacted to cause the dehydroxyratiomn. 1T
~desired, the 30 m xture nay belm Imﬂulmﬂ nml 0-150[err]Cto facilitate
t he reaction.  The sol vent- i ﬂ I uxed during the heat i ng
usi ng any conventional refl uxindg té&chhigle.® THe reaction is preferably
conducted in a substantially dry '
- 8- - atnosphere. Inert gas atnospheres such as dry argon are
preferred. The required reaction tinme may vary dependi ng , on the
conposition of the m xture, the tenperature used,
- 12 -
1 6. A method of removing hydroxyl groups from the
surface of an oxide particle, said method comprising:
3 (a) contacting said hydroxyl-containing oxide with
a carbonate selected from the group consisting
5 of dialkylcarbonates, diarylcarbonates, and
mixtures thereof and a base to form a mixture,
7 - (b) heating said mixture whereby said hydroxyl-
containing oxide and carbonate react to
9 - eliminate at least a portion of said hydroxyl
groups and to form alkoxy and/or aryloxy groups
11 on the surface of said oxide,
. (c) recovering the dehydroxylated oxide formed in
13 step (b).
1 7. The method of claim 6 wherein step (a)
comprises impregnating said hydroxyl-containing oxide
3 with a solution of said carbonate and base in a solvent.
1 8. The method of claim 7 wherein said solvent is
non-agqueous.
1 9. The method of claim 6 wherein said carbonate is

selected from the group consisting_of dimethylcarbonate,
3 diethylcarbonate, methylethylcarbonate, diphenylcarbonate
and mixtures thereof.

1 10. The method of claim 6 wherein said base is
_selected from the group consisting of alkali metal -
3 hydroxides, tertiary amines, anilines, n-butyllithium and '
mixtures thereof.

i This Sheet Has Been R
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the desired degree of dehydroxylation, etc. Typical 5 {

—freaction
times arié about 1-24 hours. ~ Wi Te the dehydjo’i’?‘ﬁaﬁ”‘%ﬁ:{ ‘é’?ﬁlBEEN
deneral |y be conpleted . Uw"ﬂ”mﬂ,’m action step BEBLAGER) e
to repeat the dehydr I,En step by recovering the
oxi de particles and forn1ng a"nefv reaction nmixture in the sane
10 manner as ‘for the formation of the initial mxture.
Once the desired dehydroxyl ati on has been ' acconpl i shed, the
dehydroxyl ated particles may be recovered fromthe m xture.
Preferably, recovery can be acconpl i shed by sinply evaporating
t he solvent and other 15 ° _ reactants. In sonme instances, it may be
desirable to ' "wash the d&hydroxyl at ed OXIde mnth a sol vent to
further noy.e i dual _ reactants, etc abI however ,
thd reactants arJel'seI'Jé‘E‘Fe‘ﬂzgﬁ‘B Pha£13HmB Jhergin Said %n’bﬁabl e by

vol atili zatse)recﬂ:édafﬂrah)lghettjmouprwﬁmmr@ of hexane:,or‘ltbprltmeunder at

i i ng. oy s Hier: 'cdEPhbidroturan,. apd ARG Sheedesy I

typically be in the formof a free flow ng powder having the

al joxy and/ or EENbRX e SHd B % UL WL ORELPG 18 the 25

al kyl car bonat e and7or ari?car onat e used e reacti ng st ep.
The r ecovetgptad & takbeyt h20+159% e An %d desired to place
a catalyst or other constituents on its surface

The invention is further illustrated by the 30 follomﬁng exanpl es.

I't Ishoul d be undetst JERe tM@EheRof claim 7 wherein step (c)
comprises removing said solvent by evaporatlon.

1 ' 14. The method of claim 7 wherein said
dehydroxylated oxide is washed with a solvent between
3 steps (b) and (c).

1 15. The method of claim 12 wherein said heating is
performed in - an inert atmosphere.

1 16. The method of claim 7 wherein said solvent is
refluxed during heating step (b).

1 17. The method of claim 6 wherein said hydroxyl-
containing oxide is selected from the group consisting of
3 silica, alumina, silica alumina, alumina phosphate,

titania, silica-titania, magnesia, silica magriesia and
5 mixtures thereof.

1 18. The method of claim 6 wherein said hydroxyl-
containing oxide is treated prior to step (a) to remove - -
3 any free water contained therein.
5 ThlS Sheet H
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i'nvention is not limted to the specific details of the

exanpl €s.% 0- REPLACED
Exanpl e 1 A round botton1f|ask was Ioaded w T 30—+ =
gel (Grace Davison 948) which had been cal ci ned at 400[err]C for
two hours. 250 ml of hexane and 34 mmol of tributylamne 5 wer e
added to the flask, and the m xture was stirred for two hours at
roomtenperature to forma slurry. 360 mol of di nmet hyl
carbonate was then added to the slurry. The " slurry was then
allowed to react at roomtenperature (25[err]C) for about 24
hours. The reacted slurry was then 14

Abstract of the Invention .

Dehydroxylated oxide (e.g. silica) particles are
obtained by reacting oxide particles, having surface
_ ~ hydroxyl groups, with a dialkylcarbonate or
5 diarylcarbonate. The resulting products have surface
alkoxy or aryloxy groups and significantly reduced
hydroxyl content. The treated oxide particles are
especially suitable for use as catalyst supborts, and
especially as polyolefiﬁ catalyst supports.

This Sheet Has Been R.

N

THIS SHEET HAS BEEN




-10 w dried under' vacuum and the treated S|I|ea'ma$ exd
infrared (IR spectroscopy. The IR analysis indicated
substantially all the silanol -(hydroxyl) groups (

msenl. G SERIES...

untreated silica had been renmoved and t hat - met hokxy=gre

present on the surface of-the treated 15, ' - silica. hb traces -of
amine on the treated silica. - ' _ ' : Exampl e 2
The procedure of Exanple 1 was repeated except that - 68 nmmol of-
tributylam ne were used, and 360 mml di et hyl . carbonate were
used instead of the dinethyl. carbonate 20 The | R anal ysis of the
treated silica i n@RE Nt C XYRADED aSU] ¥Sall the silano
groups.present on the ' ' untreated S|I|ca had been renoved and t hat
et hoxy groups - : were_present on.the_surface of the treated silica.
No | traces of antné9&&£§E§—9§e§@8§£§hﬁﬁg&r! 25

Exanple 3 The procedure of Exanple 1 was repeated except

t hat

tributyl am ne. TﬁéeﬂgggﬂgY}gFggt xih%hk#g%r§%§%¥$$€é§£§£§@fegfaf?ﬁdlCated
that subst andbBhitedl byt heastingobxfjdeupartilcles, hayimrgesurfacehe
untreat ed Siﬁ&&%bﬂ?f 8%83pé?n9¥€g g”&i&fﬂ&lcarbonate or
| diarylcarbonate. The resulting products have surface
alkoxy or aryloxy groups and significantly reduced
hydroxyllcontent. The treated oxide partic}es are
- especially suitable for use as catalyst supports, and
' especially as polyolefin catalyst supports.



- "10 - -nethoxy.grdups wer e présenf'on.the surface of the fBE%&%QEMENTSUEET

------------------------

Datailgg De;cgigtioﬁ of ghe4;gzention.
The invention broadly encompasses &ehydroxylated

oxide particles characterized by very_low surface

hydroxyl content and by the presence oﬁ alkoxy and/or -

5 aryloxy groups on the particle surface. If desired, the
alkoxy and/or aryloxy'groups may be further reacted with
other chemicals.

The oxide particles of the invention may be
virtually any refractory metal or silicen oxide.

10 Preferably, the oxide composition is one conventionally
used as a catalyst support material.. It is also
preferréd that the oxide particles be porous. Preferred
oxides are silica, alumina, aluminum phosphate, silica

alumina, titania, silica titania, silica titania alumina,

15 magnesia, silica magnesia and mixtures thereof. The
oxide particles are preferably amorphous particles such
as amorphous precipitates or amorphous gels. Amorphous
silicas and supports based on amorphous silica are most

. preferred.

-20 The hydroxyl content of the oxide particles may. be
measured by any known suitable technique. Prefera@ly. a
spectral analysis method such as DRIFTS is used. The
hydroxyl contenﬁ of the dehydroxylated product may vary
depending on the initial hydroxyl content, the desired

25 degree of dehyﬂroxylation, etc. Preferably, the hydroxyl

' content is less than 10 mmol per gram of oxide, more
preferably less than 1 mmol/g. Most preferably, the
oxide is completely free of hydroxyl groups on its
surface. | _

30 The degree of porosity in the dehydroxylated oxide
may be any lével that is achievable in the starting
hydroxyl-containingJ6xide. Preferably. the
dehydroxylated oxide particles have a pore volume of at

least ‘0.3 cc/g. More preferably, the pore volume exceeds



11 - WHAT ISCLAIMEDIS: 1.  Porous dehydroxy|l RERUACEMERT SHEET
particles wherein said oxide conprises |ess than 10 nilllﬂnles o] J@Laﬁﬁﬁ '
iﬂﬁeco SN :

~hydroxyl groups per gram of said oxide and wherein said o<
groups selected fromthe group consisting of alkoxy group‘y ----- Span s TS Satos
and m xtures thereof on its surface. 2. The
dehydr oxyl at ed 338 @ bgpec| aThe 1inktiad; mlﬁpﬁewrﬁ@#@lé'elaéét’eﬁ°ﬁmﬁ he
group consisti i noi-la u phasphat e,
D Cani o el 1 oo qULyRk! GraBu P nl dgfiSolhl Thelibvdl. Rl R OB i o,
and m xtures t hef dife oxide partixles,Ticardohgte cand hase owridbeofisedai m 2

wherein said q%hékiﬂa%nﬁﬁlsgs Eééﬁfﬁé the initial mlxture may be

5 combined in virtually any desired sequence.

The oxide particles to be treated may be any
hydroxyl-containing oxide. éreferably. the oxide
particles are selected from those described above
regarding the product of the invention..-The particles may

10 contain any level of hydroxyl contenér While the.particle
may contaih some free water, it is preferred that any free
water be removed before the initial mixture is formed.
(e.g., by solvent exchange or heatin§ to less than 800°c.)'
The oxide particles are preferably porous."The porosity

15 of the particles is preferably dictated by the intended |
‘end use of the particles. Preferably, the porosity of the
particles to be dehydroxylated is such that the resulting
oxide particles would be suitable for use as polyolefin
catalyst Edpporﬁs. . ' _ |

20 The dialkylcarbonate may be any such carbonate
capable of performing the dehydroxylating function.
Preferably, the dialkylcarbonate comprises alkyl groups
selected from the group consisting of methyl ethyl,
propyl and mixtures thereof, however higher alkyls may be

25 used. Preferably, the alkyl groups in the dialkyl-

carbonate consist essential of C,-C, alkyls, e.g., dimethyl

carbonate, diethylcaronate, methylethyl carbonate,

diphenyl carbonate and mixtures thereof.

(dimethylcarbonate being most .preferred). The

30 diarylcarbonate may be any such carbonate capable of
performing the dehydroxyleting funEtions._ Preferred
diarylcarbonate is diphenylcarbonate} The amount of
.dialkylcarbonate end/or'diarylearbonate used may be varied
depending on factors such as the hydroxyl content of the

- 35 initial oxide particles, the desired degree of



4.. The dehydroxylated silica of claim3 wherein said siliREPLASEMENT SHEET
~surface area of about 50-1000 nierr]/g and a pore volune pf at I‘eaQ;tJUQ w

cc/g. 5. The dehydroxylated silica of claim3 AT VIR At
silicais a silica gel. — 17
6. A et hod of renDV|ng—hydroxyI groups fromthe surface
of an oxide padéhﬁithxy&adtdoﬁet bRé féam:mosu 8gndheisdLpetd.: (a)
contacting said dr -containin de wi.th_a carhonate sel ected from
the group consFE§ ?E#B§§ﬂjPQPR§I%é} dﬁ%?egf B Aty A ReRAEs 2BAGOF xt ures
thereof and a Icarbonded Bhgiaddy peichsby &1k dBdIkAX YroGest ai ni ng

oxi de and said car onate react to elimnate at |least a portion of said -
hydroxyl groupgcitained figr thel ayide nartiedesryl oxy groups on the surface of
sai d oxi de, ¢ and £ ehy med in
step (a). 3 , The deltlarok GtV F ’}:‘%ﬁ% {lh dﬁfé%%x%%ﬁi%%{; ecrree e

further conpritnrnche presence of a base which is belzeved to catalyze

the dehydroxylation. The base is preferably one which can
be easily removed after the reaction has taken place. in
any event, it is preferred that the base be selected to

10 provide minimal or no deleterious effect on the resulting
properties of the dehydroxylated oxide particles. Minerai-
bases such as alkali metal hydroxides may be employed, -
however preferred bases'are amine-containing bases such as .-
triethylamiﬁe (TEA) tributylamine (TBA)..amﬁonia, n-

15 butyllithium, dimetbylamine (DBA), anilines,

tertiaryamines and mixtures thereof.. The amount of base

used may be varied depending on the desired rate of
reaction. The amount of base added is preferably about
0.1-10 mmol per gram of oxide particles meie preferably
20 about 1-5 mmol per gram. |
The inipial mixture preferably contains a solvent to
facilitate mixing, etc. The solvent is preferably a non- |
aqueous solvent. Organic solvents Such_as hexane -

tetrahydrofuran, toluene, ether and heptene and mixtures

25 thereof are generally preferred. The amount of solvent
used is not critical, but amounts in excess 6f_that needed
to form a pourable slurfy are generally unnecessary.

Once the initial mixture is formed, it is then
reacted to cause the dehydroxylation. If desired, the |

30 mixture may be heated to about 30- 150°C to facilitate the
reaction. The solvent is preferably_refluxed during the
heating using any conventional refluxing technique. The

reaction is preferably conducted in a eubstantially dry



contactlng sald hydroxyl contalnlng OXIde mnth a solutlon ﬁE ﬂE 5
and said base in solvent. — "The

7, the method further conpri ution of said car bonajp and_sai d base-'
in a non-aqueous sol vent-. - E'Ii "Ii iﬂ "lll Illl TheseBila : _
8, the nmethod further conpri ai d carbonat e from Sl

consi sting of dinethyl carbonate, d| et hyl car bonat e, net hyl t,jgyé £a
di phenyl carbonate and mi xtures thereof. . 10, e

met hod of claim6 the nethod further conprising selecting said base from

t he group consisting of alkali netal hydroxides, tertiary am nes, anilines,
n-butyl lithium and m xtures thereofs 11 =~ 11. The

nmet hod of claim8, the nethod furt her co conprising selecting said sol vent
fromthe gr SERTI&IIAIMED, 8% ane, hept ane, toI uene et her,
tetrahydrofuran, and m xtures thereof. The net hod of

claim7, the method further conprisi tin sald mxturefromstep(a)
13. 1. TRonRUs, Aehydrq ’%&"Htf% ‘P&é’ 189 HEhexeM i si ng

heating sai gafidxiokiad lcompitides dessd mhwuo?&maﬁ[mardél of surface
hydroxyl groups per gram of said oxide and wherein said
oxide comprises groups selected from the group consisting
of alkoxy groups, aryloxy groups and mixtures thereof on
its surface.

2 . The dehydroxylated oxide of claim 1 wherein said oxide is
selected from the group consisting of silica, alumina, silica alumina, aluminum
phosphate, titania, silica titimia, silica titania alumina, magnesia, silica magnesia, and
mixtures thereof.

3. The dehydroxylated oxide of claim 2 wherein
said oxide comprises silica.

4. The dehydroxylated silica of claim 3 wherein
said silica has a surface area of about 50-1000 m?/g and a
pore volume of at least 0.3 cc/g.

5. The dehydroxylated silica of claim 3 wherein
said silica is a silica gel.



13+ . | e method of claim7, thREPEACEMENTTSHEEmEr
conpri sing the step onm'M '!m ol-vent by evaporatlan in_step (B)
.15, The 'm 12, -t he nmethod fuift

washi ng sai d dehydroxyl at ed oxi de W|th a solvent after he tﬁ'@ﬁLA(&ERPéNF,ﬂEET

16. The nmethod of claimik3, the method fu té}g‘i‘é cbSodUki 1996
heating said m xture in an inert atnosphere. A | S

The method of cld'm 12, the nmethd ﬁewm;gh;drml grotibs ﬁ’éhfme%ﬁk?ace of
sol vent dur 'dﬁ%ﬁlﬁ?ﬁa‘r&ﬁe said method comprising the steps of :

(@) contacung said hydroxyl-contammg oxide thh a carbonate selected from
the group conslstmg of dialkylcarbonates, diarylcarbonates and mixtures thereof and a
base to from a mixture, whereby said hydroxyl—contammg oxide and said carbonate react

to eliminate at least a portion of said hydroxyl groups and to form alkyoxy and/or aryloxy
groups on the surface of said oxide, and

(b)  recovering the dehydroxylated oxide formed in step (a).

7. The method of claim 6, the method further comprising
contacting said hydroxyl-containing oxide with a solution of said carbonate and said base
in solvent. _

8. * The method of claim 7, the method further 'comprising a

solution of said carbonate and said base in a non-aqueous solvent.

9. * The method of claim 8, the method further comprising
selecting said carbonate from the group consisting of dimethylcarbonate,
diethylcarbonate, methylethylcarbonate, diphenylcarbonate and mixtures thereof.

10. The method of claim 6 -the method further comprising
selecting said base from the group consisting of alkali metal hydroxides, tertiary amines,
anilines, n-butyllithium and mixtures thereof. '

11. The method of claim 8, the method further comprising
selecting said solvent from the group consisting of hexane, heptane, toluene, ether,
tetrahydroﬁuén, and mixtures thereof."

12. The method of claim 7, the method further comprising heating said
mixture from step (a).
13. The method of claim 12, the method further comprising

heating said mixture from step (a) to about 30-150°C.



égl de .|. s s.el ect ed fro Bmmlm “mm‘m ?n\émg[ elS|nl ;sg;d QYW "

alumna al um num pho el tiPtahia, silica-titania, lica titania

al'umi na;, nagnesia, silica magnesia and nixtures thereof REPLACEMENif%HEET
~ The nethod of claim®6, the method further conprising tr

eat | ng
" hydr oxyl - cont ai ni ng oxide prior to stea3(a) to renove aqug{e _____ ‘wg tjm-m
2conta|ned t herein. _

——

14. ‘The method of claim 7, the method further comprising the
step of renibving said solvent by evaporation in step (b)

15. o ~ The method of claim 12, the method further comprising
washing said dehydroxylated oxide with a solvent after heating.

16. : The method of clalm 13, the method further comprising
heatmg said mixture in an inert atmosphere.

.17. | ' - The method of clalm 12, the method further comprising
' reﬂuxmg the solvent dunng heating.

18. The method of claim 6 wherein said hydroxyl-containing

oxide is selected from the group conslstmg of silica, alumina, silica alumina, aluminum

phosphate, titania, sﬂlca-tltama, s111ca titania alumina, magnesia, silica magnesia and -
| tmxtures thereof

19. - The method of claim 6, the method further comprising
treating said hydroxyl-containing oxide prior to step (a) to remove any free water
contained therein.



