+ 124567-1 FUNCTIONALIZED ZEOLITE COMPOSITIONS AND

Iglélg%_}jpDS FOR THEIR PREPARATION AND USE BACKGROUND This

ISClosure generally relates to functionalized zeolite compositions and
their use as catalysts for the production of bisphenols. The disclosure
further relates to methods for preparing these f inctionalized zeolite
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polycarbonates. Polycarbor})ates are widely used in a variety of
applications by virtue of thE r@@(@éﬂgmﬁ KSF properties, such as
impact resistance, mechanical characteristics, transparency, and the like.

BBi henols are generally obtained by the reaction of a carbonyl

é‘ogfgﬁfﬁ , €.0., acetone, with a phenol in the presence of an acidic
catalyst, such as mineral acids or acidic ion exchange resins. Due to
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Mordenite, and H-Y zeolite, as well as heteropolyacids have also been. used for

preparing bisphenols. However, all of these types of catalysts exhibit relatively low

selectivities and/or reactivity.

One .example of acidic ion exchange resins are the series of sulfonated polystyrene
resing cross-linked with divinytbenzene, (PS-DVB). Frequently, a co-catalyst is used
in conjunction with the acidic ion exchange resin catalyst, to improve the selectivity
for bisphenol, and in particular, the para, para-bisphenol isomer. Co-catalysts can be
present as unattached molecules in the bulk reaction matrix, e.g., “bulk ce—cai’alysté",
or can be attached to the acidic ion exchange resin catalyst through ionic or covalent
Imkages. Mercaptans are a useful class of co-catalysts. More specifically, thiols, e.g.,
organosulfur compounds which are derivatives of hydrogen sulfide, can be used as co-
catalysts. Numerous-efforts have been made to improve the selectivity for bisphenols

by varying the ratio of the mercaptan co-catalyst to the acidic catalyst. One approach



catalysts. Numerous efforts have been made to improve the selectivity for
‘hisphenols by varying the ratio of the mercaptan co-catalyst to the acidic
~ catalyst. One approach | that has recently been attempted is to use a
acidic ion exchange resin catalyst having an attached co-catalyst, which
are prepared, for example, by reacting a portion of the acidic groups of
the acidic ion exchange resins with aminomercaptans, thereby resulting
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be beneficial to have a catalyst with a solid acid matrix that is rigid and
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Bug which aljso afford improvedispheno sve}éctivity, particularly for the
para, para-isomer. Moreover, there is also a need for such alternative
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strtﬁ@fﬁ%’.”%:r%é?more, there is a need for such catalysts which not only have built-in
functionaiities for performing as a catalyst and a co-catalyst, but which aiéo a_ﬁord
improved bisphenol selectivity, particularly for the para, para-isomer. Moreover,
there is also a need for such alternative catalysts that have potenually superior
“mechanical propeities as compared to the traditionally used ion-exchange resins,

thereby leading to improved catalyst lifetime and bisphenol productivity.

BRIEF SUMMARY

In a first aspect, there is provided a functionalized mesoporous zeolite composition

comprising structural units of the formulae:



0 I+oo0 psC 1Ri,So3R7 Oo 1tOM~~o0 1 2)nn,p O O and/or wherein
"B" and "C" are spacer groups comprising C2 to C20 hydrocarbyl groups,
and R | and R2 independently comprise an alkali metal, a hydrogen, or a
C1to C20 alkyl b Toup, and wherein M' comprises a Group Il element
selected from the group consistingef boron, aluminum, gallium, or
combinations of the foregoing Group Il elements; and M2 comprises a
Group IV element selected from tltanlum zirconium, or comblgsgtlons of
the foregoing,;Group IV elements. In econd aspect, thereO provided a
method of ma}dn a functionalized zeah;;composmon coqu%ng

reactingf at least pne reactant sglecte m the grou sting of a
fumed siiga ah n &lkyl metalale comprising a tetraalkyl ort hosilicate and

at least one ¢bmpound selected fromfthe group consisting of (RO)3M1
and (R'O)4M2Z; Wherein R4 is mdepeéngently at each occurreage an alkyl
aroup or an aryl group having from | to abolt 20 carbon atoms; "M",
comprises a Group lll element selected from the group consisting of
boron, aluminum, gallium, or combinations of the foregoirg Group IlI
elements; and ¢M2,, comprises a Group IV elem nt seleéted from the
group conS|st|r(g of titanium, zirconium, or combmatlons fthe foregoing

Group IV e nt a mercgpto-functionalized glk xyS|Ian silyl sulfonic
acid comp xa\nd/a plate compound; @gup/? ,zggllte
composmon\co pﬁsmgrs ructural units of the for uIQe
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wherein “B” and “C” are spacer groups comprising Cs to Cog hydrocarbyl groups, and R

and R? mdependently comprise an alkali metal, a hydrogen, or a C; to Cyalkyl group, ang

wherein M! comprises a Group ] element selected from the group consisting@f boron,
aluminum, gallium, or combinations of the foregoing Group [l elements; and M*
comprises a Group [V element selected from titanium, zireonium, or combinations of the

foregoing Group IV elements.

In a second aspect, there is provided a method of making a functionalized zeolite
composition, comprising: reacting: at least one reactant selected from the group consisting
of a fumed silica and an alkyl metalale comprising a tetraalkyl orthosilicate and at least one
compound selected from the group consisting of (R'0)M" and (R*0)%M?; wherein R? is
independently at each occurrence an alkyl aroup or an aryl group having from 1 to about 20
carbon atoms; “M™” comprises a Group 111 element selected from the group consisting of
boron, aluminum, gallium, or combinations of the foregoing Group IT1 elements; and "M2"
comprises a Group IV element selected from the group consisting of titanium, zirconium,
or combinations of the foregoing Group IV element, a mercapto-functiona]ized.
alkoxysilane, a silyl sulfonic acid compound, and a template compound; and producing a

zeolite composition comprising structural units of the formulae:
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M~,/tt/' 1o 0 /'/ CVO It O -Si 'R~ 0 R' and structural units of the formulae
alo0 I'OMI0O2Z2)"O OO orwherein "B" and "C" are spacer groups
comprising C2 to C20 hydrocarbyl groups; and R' and R2 independently
comprise an alkali metal, a hydrogen, or a C, to C20 alkyl group.
Disclosed her@'v‘?];‘s a functionalized zeoljté composition cg’mprising
structural unitg of the formulae: 0,'5S3 li+ SRS and SOR2 wherein "B"
and "C&ég&{sp groups comprising €2ito C2 yéjfg rbyl groups, and
2b R' ang®R2 i_nd efidently co ﬁs‘éﬁh kali metal, a%y rogen, or a C,
to C20 alkyl group. A method of makirg the functionalized zeolite
composition rhay comprise reacting: att least one reactaint selected from
the group consisting of a fumed silica ahd an alkyl metafife comprising a
tetraalkylorthosilicate, a mercapto-functionalized alkoxysilane, a silyl
sa%léo l&pg‘!ci compoHnd,Fand a template compound; and producing the
zeolite " compditions¥ofpraitg the structural units of the formulae (14 0
e IRS. o3R~, _
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wherein “B” and “C
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and R” independently comprse an atkali metal, a hydrogen, or a C, to Cy alkyl group.

Disclosed herein is a functionalized zeolite composition comprising structural units of

the formulae:
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herein “B” and “C” are spacer groups comprising C; 10 Cyg hydrocarbyl groups, and
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wherein "B" and "C" are spacer groups comprising C2 to C20 hydrocarbyl
groups; and R'and R2 independently comprise an alkali metal, a
hydrogen, or a C, to C20 alkyl group. In a third aspect, there is provided a
method of making a functionalized zeolite composition, wherein said
Rhvethdd outrprides reastipgsa tempiiercoh pobilogtnleasi anadicy alky!
ctant selected from the group consisting of fumed silica and an alkyl
metalate comprising a tetraalkylorthosilicate, and a first '
mercapto-functionalized alkoxysilane to form a first intermediate product;

Agystionty saldngreimtartioahized froliin coOMRPSEHRRNAGRASe FRARIETA a
leseranndtatenmediatedpfiadiidi: grshpeastiigisgaamafintesnsadiate PEadc!!
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PO HAURRAS I G- GRluPRara ke RiRsiANd R and R2
independently of each other comprise alkali metal, hydrogen, or alkyl
groups. Il a fourth aspect, there is provided a method of making a -
heterqpéfyacid-functionalizedjﬁeolite compqﬁtion said method

c mprlsi g: reacting in a solgept a tem Iate?c mpound, at least one first
r ac}?(\%ﬂqued from@be _géq§@ cow&%tmg med silica and an alky!
&aldte dorflprising a tetradlkylorthosilicatd, dnd a first :
mercapto-functionalized allixysilane to forin a first intermediate product;
oxidizing said first intermediage product witkcgti oxidizing agent to form a

second intermediate product; and reacting the second intermediate

Rrefust with asegand mercapto-functionali ?o ilane to form a
W'third intermediate r'c?uct;f’angggglcjt?r%mﬁéiﬁﬁﬂ iﬁﬁﬁrﬁéaﬁ% g%%ﬁftc%“d
R\ifA & Hedepeprdayacieremisounalal broetabes thidrogen, or a Cy to Cyp alkyl
grbgieropolyacid-functionalized zeolite composition comprising structural

units of the formulae

In a third aspect, there is provided a method of making a functionalized zeolite composition,

wherein said method comprises reacting a template compound, at least one first reactant

sglected from the group consisting of fumed silicz and an atkyl metalate comprising a
tetraalkylorthosilicate, and a first mé'rcapto—functionalized alkoxysilane to form a first
intermediate product; oxidizing said first intermediate product with an oxidizing agent
to form a second intermediate product; and reacting second intermediate product with
a second mercapto-functionalized alkoxysilane to produce a functionalized zeolite

- composition comprising structural units of the formulae
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0'5S, 4-11,'S' 0~Si0-14 B C R''SO,R2 wherein "B" and "C" are spacer
groups comprising C2-C20 hydrocarbyl groups; and R, and R2
independently of each other comprise alkyl metal, hydrogen, or alkyl
groups. In a fifth aspect, there is provided a method of producing an
Jaramatic bisppenal, wherein said method comprises reacting a carbppyl
R R R e e S
anfl RCilsatéded ek ofhpesition esialalystiWhareinn said fuhcrionslized
zeolite composition comprises structural units of the formulae: x Si14
I io_f%{Ié‘SR SO,R' 4 wherein "B" and "C" are spacer groups comprising C2
80 RSRERSCAFES IS grouise aniesbod i makingia petitramixposripriaenalived
zealkakanetaltienhydrogdmdananadind: geating ma skitlraspeshIReseiBound,
aRERYARGRMEIlAN o AR RANEARANALE AR Mer IR, SoT R
reating a carbonate precursor with the aromatic %lsp enol prepared in
mefplEsdepieRiing thetthietodrabudinats abdve. Tim ahoveptieBuribethlied
alkibailinatu e e.exemphfiaddavathe.following detaled, §escriniRine diate
DETAILED DESCRIPTION Disclosed herein are functionalized zeolite
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sephidriolgavithacaphonyl sinpsuedd. trronso-émbadistient athexfuinationalized
» 1Rl catAlALCOmARSIianS somarisS AR iR Ok ofmylae (i 1D
and (111) as shown: o' 'Si | ~. 40 O-si
heteropolyacid compound to produce the heteropolyacid-functionalized zeolite

composition comprising structural units of the formulae
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wherein "B" and "C" are spacer groups comprising C,-Cag hydrocarbyl groups; and R'

and R? independently of each other comprise alkyl metal, hydrogen, or alkyl groups.

In a fifth aspect, there is provided a method of producing an aromatic bisphenol, wherein
said method comprises reacting a carbonyl compound with an aromatic hydroxy
compound in the presence of a fumctionalized zeolite composition as catalyst; wherein

said functionalized zeolite composition comprises structural units of the formulae:
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1104 onc (1), SR (I11), and Q,R2 (lll); wherein "B" and "C" are spacer
- groups comprising C2 to C20 hydrocarbyl groups; and R'and R2
independently of each other comprise an alkali metal, hydrogen, or a Ce
to C2o alkyl group: The term "hydrocarbyl" as used herein is intended to
designate aromatic groups and aliphatic groups, such as aﬁk | roups,
wheFbie T8I "assnaes) BRorEh S MRTETeT 2 Rl iaraay a%?%pé’hdln
R Alks; %Jéﬁh\&@;Qwﬁ,f@.@dl_&m@ﬁyﬁmu@/ﬂ@dmmiﬁ}ymi@dﬂﬂwgfgnpuDS-
Suitable illustrative non-limiting examples of aromatic groups include, for
example, substituted and unsubstituted phenyl groups. The straight chain
n @m@;\@{%@@&ed%@w& 9f@ﬂ?§dia&|ﬁ@&d a%ﬂlpnﬁﬂ)@ctm% ml@mﬁmiﬁmlgnexm plebpd
methyl (as in the case of R" and R22 above), ethyl,.n-propyl, isopropyl, .
CORBINYE SERIBILY, RPAAR LB BN élbepgﬁ(fﬁ?thcexﬁ?%gﬁog ?ngty% .
2000 0666 sindagyhanddrdearby various embodiments, cycloalkyl
groups represented are those containing about 3 to about 12 ring carbon
atoms. Some illustrative non-limiting examples of these cycloalkyl groups
Thinghude dyslobutyindyeliopefaylrey clehexerhpitfeth ey tlo Hebylyiapn dictiled
del%“é%?" cycloheptyl. In various other embodiments, aralkyl groups are
thdse containing about 7 to 14 carbon atoms; these include, but are not
intended to be limited to, benzyl, phenylbutyl, phenylpropyl, and

Dw&ﬁﬁsﬁ%ﬁgﬁ% other embodiments, aromatic groups are intended

‘to designate monocyclic or polycyclic moieties containing about 6 to
Diggiesad 1Derimy carbdmeatonidzThezs®laty/| erolips seaparidrepntaiftone for
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Preferably, the substituent, if present, is not in.a ring position that would
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of foraheriDieipeasd Sones slhostnative non-limiting examples of these
aromatic groups include phenyl, halophenyl, biphenyl,
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wherein “B” and “C” are spacer groups comprising Ca to Cyghydrocarbyl groups; and
R! and R® independently of each other comprise an alkali metal, hydrogen, ora C; to

Cag alkyl group,

The term “hydrocarbyl™ as used herein is intended to designate aromatic groups and
aliphatic groups, such as alkyl groups. The term "alkyl" as used herein s intended to
designate straight chain alkyls, branched alkyls, aralkyls, cycloalkyls, and bicycioalkyl
groups. Suitable iflustrative non-limiting examples of aromatic groups include, for
example, substituted and uvnsubstituted phenyl gfoups. The straight chain and
branched alkyl groups include as illustrative non-limiting examples, methyl (as in the
case of R' and R? above), ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tertiary-butyl,
pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl. In various
embodiments, cycloalkyl groups represented are those containing about 3 to about 12
ring carbon atoms. Some illustrative non-limiting examples of these' cycloatkyl

groups -inciude cyciobutyl, cyciopentyl, 'cyclohexyE, " methyleyclohexy], and



‘and naphthyl. The structural units of formula (l) are preferably derived
from fumed silica or an alkyl metalate comprising a silica precursor, such
L@ tdtraalkyl orthosilicate, or mixtures thereof The tetraalkyl orthosilicate
is of the formula (1V): (R}0)4Si (IV); wherein R3 comprises an alkyl group,

preferably an alkyl group having from | to about 6 carbon atoms.

Examples.of tetraalkyl orthosilicates that can be used include, but are not
o S O o Ot GLEAR (e At 1 AR PRt
7 tetrkf(reqppopyi)corsh dilicate luétr disopropyl onthiokificatbe thtratetrtaptieylzyl,

p}grmgagpgaaﬁen%@&ﬁ(%Smxkﬁ&!bﬁ}?.ftﬂP%éﬁ%t_?oﬁk@ﬂe‘i%H@ﬂ%%m’i aromaic
orthosilicate. In‘another embodiment, the tetraalkyl orthosilicate can also
SRR BRI RERER Ao GHE B PSS EHS ST ROBIE) e plaeseomrbrng e Usy
totebmkiS@ﬂﬁ}gﬂg@)@fﬂ%{&@ﬁhoﬂiﬁﬁgﬂyfydﬁﬁ(&w also c]?ntain one or more
roxypropyhorthosilicate, and.the like. Any mixture of two_or more
ha?é}{f%é}alaﬁﬂ% rt roasfl}f c%f;erguggnsg%]éth [eeéuggdt or gg%aﬁ?‘l%é’ e C;Ptrr%%féé’gi’ utrqﬁs
subftisienuld P19seiBeisidesithe rysmestiedivisubslitntedt e tiaadkyinatic group

fromthosilicatesdencsibamianrye, dREVAmelicRliatiaalky! aghosticalese.
which have one or more dissimilar alkyl . groups around the silicon atom
nORAHAINS GRARETT 25 BREFTOPRRIS SPEPT HIE MttiERSPA St B ISk BiRBC YY)
andreygridiérably derived from mercapto- functionalized alkoxysilanes of the
formula (V): R ' S-B-Si(OR 7)"(R")y_" (V); 6 124567-1 wherein "n" is an
THIGIERAAVING Yakies (rom Lo abal3y Resomprise s.alkallimetal an alkyl
hydrogen, or alkyl groups; "B" is a spacer group comprising C, - C20
me %og%mlmaﬁoﬁﬁai%mw SHeh 2pa Gier i SR saih i dakkwres
theydrofjentoraalkyl gnbupscands & (hediorpriseg dlkyl groups or alkoxy
groups. Non-limiting examples of the spacer group "B" include
-(C(,H4)CH2-, 1,2-ethylene, 1&¥ynRylene, 1,4-butylene, 1,5- Qp@t}ylene,
1,6-hexylene, and 1,4-phenylene. Non-limiting examples of the mercapto-

wherein R’ comprises an alkyl group, preferably an alkyl group having from 1 to
about 6 carbon atoms. Examples of tetraafkyi énhosilicatas that can be used include,
but are not intended to be limited to, tetramethyl orthosilicate, tetraethyl orthosilicate,
tetra(n-propyl) orthosilicate, tetraisopmpyl orthosilicate, tetratetrabutyl orthosilicate,
tetrakis(dimethylsilyl)orthosilicate, and tetraphenyl orthosilicate. In  another
. embodiment, the tetraalkyl orthosilicate can also have other functional groups, such as
. hydmxy groups, as ecxemplified by tetrakis(2~hydroxyeth}4)orthosii%ca{e, tetrakis{2-
hydroxypropyljorthosilicate, and the like. Any mixture of two or more tetraalkyl
orthosilicates can also be used for obtaining the structural units of formula (I).
Besides the symmetrically substituted tetraalkyl orthosilicates described above,
unsymmetrical tetraalkyl orthosilicates, which have one or more dissimilar alkyl

groups around the silicon atom can also be used as silica precursors.

The structural units of formula (II) are preferably derived from mercapto-

functionalized alkoxysilanes of the formula (V):
R'S-B-Si(OR%)u(R")s., V)
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functionalized alkoxysilanes include (3-mercaptopropyl)trimethoxysilane,
(3- mercaptopropyl)triethoxysilane,
1Bthéri-butylmercaptopropyl)trimethoxysilane, (3-tert-
butylmercaptopropyl)triethoxysilane, or mixtures of the foregoing
alkoxysilanes. (3- mercaptopropyl)trimethoxysi lane is particularly

jvantageous sinee. It s commercially, readly availgble, SCURLINIR.of
Yofitta glli)aare p‘feferab\? erved rom organosily sufionic ac ’

lpcingounas ¥ fourules (VB! (S@3REHC:SUORTIMIRBIS(YI); Grhbydincigy!
PoRPRAGE AR Ssleeted ipmaihe RFUEARSISNAR A or afkePiroups; and
(ydrocar_byl groups; R2 comprises hydrogégﬁr):fil alkali metal, or alkyl groups,

Rzsopsrsat Hyeiogerror ARl gFetRss; Ake-RBILompFEBR'ON! e oo

@Ofl grBupmdkaalkaxysgroNps; apdhbrEpacerGeyRnE" istpreiecably 1gs-

. C2 - Cqg alkyl group. Non- limiting examples of the spacer group "C" '

ARG e o 1 B e R SRR o Be Fercapto

speniytede, disheiylene, iaciddt, 4-pharytepepiapoht ireetiisoamiest, tHe-
lﬁa@@Q%}J}xﬁHlmﬂag@ﬁaﬁemﬁ%m(?lmq%tmgmmmm%naﬁé?gﬁe\@n-
from the group consisting of (3-trihy _roxys%l%propanes,ulfonlc acid, (
PHIBIRGSRDSIRITBYON I REHFIANE A it oy sTRsRR BBt ARE S cld;
kérdsimethpysiianenymethanesulianic Ackhardibecertespondingcially
es(tielr deri.\fagi!ves of the foregoing sulfonic acids. Preparation of the

rgFgé g%’ﬁi/ﬁsﬁh‘onic acids is well known in the an. For example,
(3-trimethoxysilyl)propanesulfonic acid can be prepared by oxidizing
SyuriErehpS infdHicascRIslRtARY Lt BRraiiatoagentudprg agd
fehpsskiy JFeEmangavpte in-an appropriate solvent, such as acetone. (4-
trimethoxysifyl)phenylmethanesulfonic . acid can be prepared by treating
(4- trimethoxysilyl)benzyhcpioride;wirsqaium sulfite in a solventngych as

ethanol, and 7 124567-1 stirring the reaction mixture overnight at a

temperature of about 75C. The Ees%l)[i soHITium .

. - t ) { —
jj—?r}?):rlﬁetr%xféllfll)sﬁﬁ%eﬁy 1&thahes or?g?em is ?eﬁfglépwclﬁ?saisslpr%n%f ac(:ﬁd, Cao
kyirhcarbyl groups; R® comprises hydrogen, alkali metal, or alkyl groups, R’

comprises hydrogen or alkyl groups; and R* comprises OH, C, ~ Cj alkyl groups, or
alkoxy groups; and The spacer group “C” is preferably a C; ~ Cy alkyl group. Non-
limiting exampies of the spacer group “C™ include -(CqH4)CHo-, 1,2-ethylene, 1,3-
propylene, 1.4-butylene, [,5-pentylene, 1,6-hexylene, and 1.,4-phenylene. In one
embodiment, the organosilyl sulfonic acid compound is one or more compounds
selected from the group consisting of (3-trihydroxysilyl)propanesulfonic ac;d, (3-
trimethoxysily)propanesulfonic  acid, (3-triethoxysilyl)propanesulfonic acid, (4-
trimethoxysilyl)phenylmethanesulfonic acid, and the corresponding ester derivatives
of the foregoing sulfonic acids. Preparation of the organosilyl sutfonic acids is weli
known in the an. For example, (3-trimethoxysilyl)propanesulfonic acid can be
prepared by oxidizing (3-mercapiopropanesulfonic acid with a suitable oxidizing
agent, such as potassium permanganate in an appropriate solvent, such as acetone. (4-
trimethoxysilyl)phenylmethanesulfonic .acid can be prepared by treating (4-

trimethoxysilyl)benzy} chioride with sodium sulfite in a solvent, such as ethanol, and




as an acidic ion exchange resin to provide the desired (4-
trimethoxysilyl)phenylmethanesulfonic acid. The zeolite composition may
hytheninclude a structural unit of formulae (VII) and/or (VIII): z O Si M Si
0 (VI), and/or (VIII); wherein M' comprises a Group lll element, and M’
comprises titanium or zirconium. Such structural units, i.e., formulae (VII)
and (VIII), are derived by including with the fumed silica or tetraalkyl
santhgdilic ates ireaviant calkylmybtalatasisptegted dfabvta g SYToufhe resulting
s§gRARsanisd v e fpman Al An (0 (I, and (RAQIME,
(X); wherein R4 is indeperidently at each occurrence an alﬁy group or any
23 ryl roupHBvindCromekEb4aBDUt T Barbin afbfvsde M theomgdsiesithe(4-
uipreupikBlemeniabtianMaireamprises titanium or zirconium. In a
preferred embodiment, "M 1" comprises a Group IlIA such as, for

TREGEIE HFARHER. DAY A ALAAILAD- o MRCRIGBIRPY (SORIISRAR 6P
IVB element, such as, for example, titanium or zirconium. When 1t’is

- (YdSrable to use an alkyl metalate of formula (IX) or (X), the mole ratio of
Sito Mt in the tetraalkyl orthosilicate and formula (IX), respectively, or the
mole ratia. of Si to M2 in the tetraalkyl orthosilicate and formula (X),
respectivély, is preferably greater than or egual to %)out. 10, Suitable alkyl
metalat ﬁ)of formulge (IX) and (X) include, byt are njot intended to be
limited togtetraelh thotitanate, tetrame | orthogga ate, tetraisopropy!l
s 124 7{I\antﬁoﬁc§ nate, trimethyl alumiiigte, Thethyl ajtifriaate, tri(it

-propyl)alinninate  tri(isopropyl)aluminate, %ﬂ'(n-but&l) luminate,

tri(sec-budyl)aluminate, trl(tf-\gtﬁ), . 2 (VIID):

nd/or
. i . : 3 . . . . .
wherein M" comprises a Group Il element, and M” comprises titanium or zirconium.

- Such structural units, i.e., formulae (VII) and (V1) are derived by including with the
fumed silica or tetraalkyl orthosilicates reactant, alkyl metalates selected from the

group represented by the formulae (IX) and (X):
(R'OuMY (X)) and  (RPOBM? (X))

wherein R? is independently at each occurrence an a.lkyl group or any aryl group
having from | to about 20 carbon atoms; “M'” comprises the Group H element, and
“M®" comprises titanium or zirconium. In a preferred embodiment, “M " comprises a
Group IIlA such as, for example, aluminum, boron or gallium. “M®** preferably
it is desirable to use an alkyl metalate of formula (IX) or (X), the mole ratio of Si to
M' in the tetraalkyl orthosilicate and formula (1X), respectively, or the mole ratio of Si
to M? in the tetraalkyl orthostlicate and formuia (X), respectively, is preferably greater

than or equal to about 10.

Suitable alkyl metalates of formulae (1X) and (X) include, but are not intended to be

limited to, tetraethyl orthotitanate, tetramethyl orthotitanate, tetraisopropyl



butyl_aluminate, tetramethyl zirconate, tetraethyl zirconate, and
tetrapropyl zirconate. Suitable alkyl metalates also include those
eandpdunds in which one or more of the alkoxy groups bonded to the
metal may be the same, or they can all be different from one another.
Alkoxy metal compounds of silicon and titanium are preferred compounds
since these are readily [i)repared by methods well known in the art, or

ospaiiRCe o rHHSHRIAINA IS HERR s P EREm pﬁ%‘,“iﬁlﬂf‘“’rvifb(ﬁ'%@rl?é%‘fm‘“3“’=
tiitaslaiite@;ajkwnmmpounds@uwlaiaieafmm DigRontuFha weolite, ri(tert-

compositions comprising the structural,units of formulae (1) - (U]),.and
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surface-reactive groups (e.g., surface hydroxy groups) are chemical '
Teackit i G EhAPBTHBInGL. THE Lol WAl BEHAEs

daipiondossessibecial achdiiptagesrtdabymakéeiemditkaotive icdndtates
R3BGRAsLIR QroaniGy easions, fist e oo Maleals, SHER AR Bkoxy
example, the mes porous zeolites potentially are able to overcome the
wdiffpsiodat vedside diensigeitsttally observed with other solid acid catalyst
materials. While not wanting to be bound by theory, it is believed that this

‘phensmenonpsprinadbagieitg thesabilitydouforsmoivthoatingl) pofid), and
hapes.and pore sizes from the,synthesis. pr I [ .
R Rl B TRe (O e e S o SRS e B

yreatwicthiad medgdal Ryadssis SOhmetebsestaigrals sy finisrine isheditgy
ARdowidsadistrbytionatialommads peeessizes. (Ham aheul s apgstiamsto

about 100 apgstroms) can be prepared by a proper choice of template..

SEOERIS P A A TR, JETE SEE A e D
rhastistatbsidisdorigusst spaciesssuch asviotagrartiple niakapplicatimgctive
ctﬁ\%sﬂgk@gl hetergggnization gl-homaggneous Metab e mpiRX SREGIeR 28 for

the walls of the z€olite channels. Fourth, zeolite syntheses can be -

RO SBF tSEORSASHY BRaIttOmekAY, 46h BeHarRyE restRshByifdhitpnal
dechniguesn&Unn 85ssHIdace ity eahP IE!igiZzei ARatfIpie fizeridistritMEdn not
{pesourements, Furher, the Slicalalynig fUANG s SRR L,
the ability to form well-defined pore shapes and pore sizes from the synthesis process.
S‘econdly, zeolites with very high surface area (defined as those having a surface area
of greater than or equal to about 500 meters square per gram of the.zeolite) and wide
distribution of tailor-made pore sizes {from about 3 angstroms io about 100
angstroms) can be prepared by a proper choice of template compounds and reaction
conditions. Third, zeolites serve as excellent host materials for guest species, such as
for example, in applications requiring heterogenization of homogeneous metal
complex species on the walls of the zeolite channels. Fourth, zeolite syntheses can be
monitored more easily than for example, ion exchange resins, by ‘using techniques,

such as surface area, pore size, and pore size distribution measurements. Further, the

silica/alumina ratio and the hydrophobicity of the zeolite can be controlled. The




9 124567-1 acidity of the zeolite is also manipulated which will control
interaction with reactants and products. An in-situ method for forming the
1fdnctidnalized zeolites comprises réacting, in-situ, at least one first
reactant selected from the group consisting of fumed silica and an alkyl
metalate comprising a silica precursor, such as a tetraalkyl orthosilicate, a
mercapto-functionalized alkoxysilane, an organosilyl sulfonic acid )
a¢idpelnee arrlils terpistataaRABGE N At WIEH P T et o difarBs e S it
rdschgfiexqdiidatthe template aids in controlling the pore size (and/or the
pore size distribution) in the final zeolite composition. Suitable templates

A G AARINANY A famig@%%aroﬁ%my@%ﬂ%s@sﬁwEzLJ RAZING, 348
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wherein R9, R1, R", 12 are alkyl groups independently comprising
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surfactants, non-limiting examples of which include the polyalkylene block
coppeniiBr S USaREHRISIeH Bl S BEPBATA R IBAR B ER I CERE § ki ude,
for example, the poly(ethylene oxide - propylene oxide - ethylene oxide)
block copolymers avajlatié’fiom!BASF, axd exemplified by PLU&(BNICTM
LI21, L64, L127, F88, L123, LI03, P65, P85, and 25R4; and ’
TETRONIGTM 908 and, 90R4. Other examples of templates that can be
wisgdich e the BRIJT MPSRIKY SreaRTISRERSTIERTHY BARIBTNPE SOsh2bayt |
ta3mbatnd 76;cartdthatdM¢E ENT MK Setie sndépanatenial ssestiabia s-didV Be Ndrivip

o Ec N e e
cegitneshylammonium  bromude,  dodecyltrimethylammonium  bromide, or
teframcthy]ammonium hydroxide, or mixtures comprising at least one of the foregoing
template compounds. Other templates that can be used for prepafing the
functionalized zeolites include non-ionic surfactants, non-timiﬁng examples of which
include the poiyatkyféne block copolymers. Suitable examples of polyalkylene block
copolymers include, for example, the poly(ethylene oxide - propylene oxide - ethylene
oxide) block copolymers available from BASF, and exemplified by PLURONIC™
L121, L64, L127, F88, L123, L103, P65, P85, and 25R4; and TETRONIC™ 908 and
90R4. Other examples of templates that can be used include the BRII™ series
materials, such as BRI™ 52, 30, 78, 35, and 76; and the TWEEN™ series of
materials, such as TWEEN™ 20, 40, and 60, available from Aldrich Chemical

Compan y.‘

Suitable solvents for preparing the zeolite compositions are preferably polar solvents,
such as alcohols or water. Preferred polar solvents comprise water or Cy to Cy
alcohols. Mixtures of one or more alcohols can be used. Likewise, mixtures of

alcohols and water can also be used. Preferred alcohols include fully or partly water-
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such as alcohols or water. Preferred polar solvents comprise water or Ct
to Ch alcohols. Mixtures of one or more alcohols can be used. Likewise,
miasges of alcohols and water can also be used. Preferred alcohols
include fully or partly water- 10 124567-1 miscible aliphatic alcohols, such
as methanol, ethanol, n-propanol, isopropanol, tert- butanol, n-butanol,
n-pentanol, and the like. The reactions are carried out. at a temperature
frovsiabouiRivibiatcripareire tsthvtit 4b80limanerambaosimeptnandert-
frmRPOHIRRGI0 a&e%ﬁ&cdndaﬂ&th%embm'm&ﬁ hgdeARHANLR at 2

prepare the zeolites can be' accomplished by normal thermal means
(TR LS BB AR, %‘é‘%{ﬁﬁ‘g‘e%eﬁﬂ’é“’oif’lfgﬂﬁ’* alm‘:‘i thi® 1788) TP Y st nd
nficroalane &fErgy akowiti@aniebpvkrfanbtidinalize e otitesoaancthrpde the
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optlona present, can be achieved by varying
rma!ai% mblbaﬁéwﬁéﬂﬂfel tettaalkyy et Siiemsas thectiky| Metslatenety of

formuaguits 2otk homuaBeytdpatde about 100 : 1. Alternatively, the
relative weight ratio of the mercapto-functionalized alkoxysilane (V) to the

anagsilyl sulfonic aci m oun var rom, about
R RN A G ROTRENR St B O] R SR o
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acid strengths. An alternative method of preparing the functionalized

Z8fite LomPBUSHIBAS Bortsrgdai e stepalise it orbLbe URfkePiRdyAcERized
nagtboditescribad aloweatbisiyhetivodid cerl noinpiiize @norgabesdyled from
S%U%’Eg acid,compoynd.as qne of the [eactants, \n.one smbod) @ee%tdtyr]l?s of
fho comprises as the first step, 1 actlng a tempvéte compoun
desaribearibEstaritisereal kA lapeiaaditse m&maﬁiimlﬁwh@@émnié@dmpound,

aHOSIARG 1R iR I Shiniesmediala oy oGt g Rt gactant is at

least one compound selected from the group consisting of fumed silica

and E%II!EI_lC recr%)l uch as aﬁetfa It%lna rth sili te Swtall?le fumed

arm i\ﬁe ZCOI1 e compositions comprases
sil IC&S can gene ha e urface area.

4 step-wise process, Unhke the m-.suu method descnbed above, this method does not
utilize an organosilyl sulfonic acid compound as one of the reactants. In one
embodiment, the method comprises as the first step, reacting a template compound as
described above, a first reaclant, and a first mercapto-functionalized alkoxysilane 1o
form a first intermediate product. The first reactant is at least one compound selected
from the group consisting of fumed silica and a silica precursor, such as a tetraalkyl
orthosilicate. Suitable fumed silicas can generally have any surface area. More
preferably, the fumed silica has a surface area from about 200 meters square per gram
to about 400 meters square per gram. In other embodiments, the first reactant can
further comprise an alkyl metalate of formula (1X) or (X). In this case, the relative

mole ratio of the tetraalkyl orthosilicate to the alkyl metalate can vary from about 1 ; |
to about 100 : 1, .

In the next step, the first intermediate product is treated with an oxidizing agent to

convert the mercapto groups into sulfonic acid groups and form a second intermediate
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preferably, the fumed silica has a surface area from about 200 meters
square per gram to about 400 meters square per gram. In other
1empediments, the first reactant can further comprise an alkyl metalate of
formula (IX) or (X). In this case, the relative mole ratio of the tetraalkyl
orthosilicate to the alkyl metalate can vary from about | : | to about 100:1.
In the next step, the first intermediate product is treated with an oxidizing
pagnrt to learvert theemeddamio grenpssinidesuifonic astdngreups anthiotin:

sub%ﬁan?gﬂ%l%?rm%jéal &rdh L&%‘?@Z ¢ 5”9‘?%% Raeneral, g ?X' 808er, a

agent ISt ken in an amo tO OXI 1Zze Su stantla?ffy £
 IeAercap@ o b pBa e T RLIBERIE a@dambpgag%mev@ucfacaéwé@ secand

i&mﬁwamé the@xdizing RERNLEAN Alsehs takendnmhichgase:thgsecand
rmedlateg(roduct will have both mercapto and sulfonic acid groups.
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apopodpandl zafid therlilk, Hthaedoatdnteinechatadqradd didsidaen reacted
with a second mercapto- functionalized alkoxysilane in a suitable solvent

TRPreddng aneadushibabhandol skionica€d apthmercapiadraRSpo-

Swtabl vents include those compr|S| aromatic and aliphatic
i

THpEoRalipEhareR Becr8t UM, YORRAC RURSHES Rapastist Batdia both
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iIndepende selecte rom e group ‘consisting 6
t@iﬁi@rcaa}stdb%dﬁ;ﬂtnMhﬁ%t%é@omémptbbrﬁﬁwtﬁ@m@s@r@#ﬁﬁ@%ﬁad
amixtysasef e dereaing AlkexyslanRsofMited alkoxysilane are independently

selected from the group consisting of 3-mercaptopropyltrimethoxysilane, 3-
mercaptopropyltriethoxysilane, and mixtures of the foregoing alkoxysilanes. Any
combination of the first and the second mercapto-functionalized alkoxysilanes can be V
used. The weight ratio of the first mercapto-functionalized alkoxysilane to the second
mercapto-functionalized alkoxysilane is preferably from about 95 : 5 to about 5 : 95.

Furthermore, varying the relative amounts of the silica content relative to the

properties: of the functionalized zeolite compositions. For example, the weight ratio
of the tetraalkyl orthosilicate to the first mercapto-functionalized alkoxysilane can be
varied from about 98 : 2 to about 60 : 40, and the weight ratio of the tetraalkyl

orthosilicate to the second mercapto-functionalized alkoxysilane can be varied from

about 98 : 2 10 about 60 : 40,

In another method of preparing functionalized zeolite conipositions, a heteropolyacid

reactant is employed. In this method, the second intermediate product described
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combination of the first and the second mercapto-functionalized
alkoxysilanes can be used. The weight ratio of the first
mgEgapto-functionalized alkoxysilane to the second
mercapto-functionalized alkoxysilane is preferably from about 95 : 5 to
about 5: 95. Furthermore, varying the relative amounts of the silica
content relative to the mercapto content and the sulfonic acid content can
gonteok thaquhlysichlandakiemicapipifopartied infd hdkfupelionalkz &ohz eolited
- fomRestiensodiRl sramnle-dhveiiilio ARl siealid aunaslicale.

to the first mercapto-functionalized alkoxysilane can e varied out
91 e o bitaderelifo camaaidoneigHato sHiRErE bRk Icharos iRt bten

&7 e seeensbmrigapio-funcionaliredalkaxusiiang Gamoshyriadetiaiiate
about 98 to about 60 : 40. Ingi t%ther method of epanng
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alkoxysilane to fonn a third intermediate prodsuct which'is reacted With
thriRetdrsienPhdeReRIpBu AL PYsEGEe the functionalized zeolite
composition. In one embodiment of the method, a solution of the
hetergpeppadtidninvf tbaithbibistiventas:trgated with tleghirdtiotefhied @tend
RERAHES R iouer oy muanesaon. AL e sRiRL AN Galsaans o Lmish,

the heteropolyacid-functionalized zeolite. Suitable solvents used for

fegkiGrewith'tie 3hrdpolyacitiféohsperidititdansatelraiy ding ewtlite
edaaheisosuah BS clorexampien raatmnabn@tbgxn@}ylﬁgnﬁ@paﬁqheawd:gm of
bHet no'oJ nt:haec% fpoailrna |0n ?1\%}@1}9'{11 Inte%{gteedl?cg gr%ta out\%elgg
ra i0 oefr? e econd nterme laté produc ) g
shevt4ptocfunetionalized alkoxysilane can be from about 0.25 : | to about
4 : 1. The heteropolyacid content in the final zeolite composition can be
Thatralaghoinan esiadiraentroy ey tsheulelativeawsighhof the
heteropolyacid compound and the third intermediate product; from about 2

: 98 to about 40 : 60. (MM H(M*)12040 (X1

wherein M’ comprises hydrogen or an alkali metal such as lithium, sodium,
potassium, rubidium, and cesium; M* comprises phosphorus or silicon, and M*
cbmprises tungsten or molybdenum. The heteropolyacid compound comprises at least
one heteropolyacid metal salt selected from the group consisting of lithium, sodium,
potassium, rubidium, and cesium salts, or mixtures of the foregoing salts. In a
preferred embodiment, the heteropolyacid compound comprises at least one
heteropolyacid selected from the ngup consisting of silicotungstic acid,

silicomelybdic acid, phosphotungstic acid, and phosphomolybdic acid.
In another embodiment, the heteropolyacid compound is of the formula (X1H):
(MM YM)12040 (Xil1),

. ¢ . . .y
wherein M comprises a Group 11 element; M’ comprises phosphorus or silicon, and

B .
M” comprises tungsten or molybdenum.




The heteropolyacid compound is preferably of formula (XIl) as shown:
(M)1(M")(M")12040 (XII) wherein M3 comprises-hydrogen or an alkali
| such as lithium, sodium, potassium, rubidium, and cesium; M4
comprises phosphorus or silicon, and M® comprises tungsten or
molybdenum. The heteropolyacid compound comprises at least one
heteropolyacid metal salt selected from the group consisting of lithium,

TROAIHBoRBASIHBN BRI FRALLFIN Sl QL WMIKIMRS:OEI ysts for
foregoing salts. In % preferred embodiment, the heteropolyacid compound
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zeolite compositions described above are valuable as catal

‘ f
SQB?BedH%ﬁn@%ﬁﬂé‘?fbr??ﬁﬁ?reﬁﬁ%ﬁé‘?f%\@?%?ﬁb’tirﬁ@g‘ré‘?@l’r’eﬁoﬁsttgs"‘%t?&lh%‘ﬁ)c

melitydgoxy: sompeusitdzblithe functionalized zeolites have both the acidic
sulfonic acid group to accelerate the condensation reaction forming
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selectivity for the p,p-bisphenol isomer. The zeolites disclosed herein
PRI hatea BUTFR We £ Tbril SHEI A0 16°MBut 1200 ctehsrein,
misgparepercglaen pltbaiedlite; andinere:pretekably, irpsirahouwb @B0ut0] 4
ut 90 eters square per.gr f zeaglite. The methods described
o e e 8 e S R e
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angstroms. Me]soporous zeolites preferably have a pore size of greater
po‘iﬁéf‘?&%‘dﬂﬁl the Zzeolite synthesis,  For example, use of surfactants such as

cetyltrimethylammonium bromide or dodecyltrimethylammonium bromide generally
results in. formation of mesoporous zeolites. The procedure can be used to prepare
any of the MCM series of zeolites, such as for example, MCM-22 and MCM-41; and
the SBA series of zeolites, such as for example, SBA-11, SBA-12, and SBA-15. Ina
7 preferred embodiment, the xﬁicro;:;orous zeolite is one or more selected from the group
consistiing of mordenite, ZSM-5, L-zeolite, faujasite, ferrierite, chabazite type of
zeolites, and mixtures. of the forepoing zeolites and the mesoporous zeolite is one or

more selected from the group consisting of MCM-41, SBA-15, and mixtures of the

foregoing zeolites. —

Bisphenols are generally produced by reaction of a phenol with a carbonyl compoﬁnd.
For example, the functionalized zeolite catalysts can be used to éf‘fectively catalyze
the reaction of phenol with acetone to produce bisphenol A. Although preference is
given to acetone, any type of carbonyl compound, such can be used for the
condensation reaction with the phenol, e.g., aldehydes and ketones. Suitable carbonyl
compounds include acetone, methyl ethyl ketone, diethyl ketone, benzyl, acetyl

acetone, methyl isopropyl ketone, methyi isobutyl ketone, acetophenone, ethyl phenyl
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to about 14 angstroms to about 100 angstroms, or more preferably from
about 20 to about 40 angstroms. The use of the appropriate template
enables the control of the pore size during the zeolite synthesis. For
B(Agrﬁ)l]e use of surfactants such as cetyltrimethylammonium bromide or
dodecyltrimethylammonium bromide generally results in formation of
mesoporous zeolites. The procedure can be used to prepare any of the

MM serierpl.za0Hes cgliehAs forexampleeM: 24 andMeMddamnd,
the SBA series of zeolites, such as for example, SBA-11, SBA-12, and
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phenal with a carbonyl comEiound. For,example, the functionalized zeolite
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aceianedalgeb g ecinsghe vel eAlbougphrpieferedensigiogivemio acstanes

ny type of carbonyl.gom syc e LS h ion
A R R S e R I AT
kompasiigriserlde acetone, methyl ethyl ketone, diethyl ketone, benzyl,
acetyl acetone, methyl isopropyl ketone, methyl isobutyl ketone,
‘Bloetophefong|retinydopiyenyt hdt 12456 1std Ketpnaiucygiohekapbome]s can be

%%S’g%?ﬂ%%”i?xn & REREORAGAS réa?brﬂ.‘é%e @%Sodﬂﬁ%%?m@“mr?e%’é "Meon

oxyacetophenone, 4,4'-dihydroxybenzophenone,
geshapHtidteuRTee, ke Bairztiiadetiie digcaryi nbérsngtk (o be
ligysdole, Hadhaptarrésane, @b 3. 3. orékethurnyeinhasammpgoAisipvdes,
SPaleRy e O R ool S L Bl RGO SNGRER % i
tatkybphdnd 20 Tavoephtonis canrhisobphssel. Dialdethydeshamd, 2.3.6-
dephomlpiphdes S8 38 Ik SXARIRIR 9ykak ABESY 1AM iorophenat, 3.5-
diethylphenol, 2-benzylphenol, 2,6-di- tertbutylphenol, 2-phenylphenol, 1-n§phthol,
and 2-naphthol. Any mixture of the foregoing aromatic hydroxy compounds can also
be used. Phenolisa paﬁicuiarly desirable aromatic hydroxy compound for producing
bisphenol A by reaction with acetone. Also desirable 1s ortho-cresol for producing

1,1 -bis(4—hydroxy-z—met-hyiphenyi)cyciohex ane by reaction with cyclohexanone.

The functionalized zeolite catalysts can be used for reaction of the carbonyl compound
‘with the aromatic dihydroxy compound in either a batch or a continuous mode. In a
batch mode, the carbonyl compound and the aromatic hydroxy compound are
preferably stirred in the presence of the funictionalized zeolite catalyst. The progress
of the reaction can be followed by numerous analytical techniques, such as gas
chromatography or high-pressure liquid chromatography. In the continuous procéss of
producing bisphenols, tﬁe carbonyl compound and the aromatic hydroxy compound
are continuwously introduced into at least one reactor comprising é fixed bed or

fluidized bed packing comprising the functionalized zeolite catalyst at an appropriate
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or pyruvic aldehyde, can also be used.For example, condensation of two

moles of phenol with one mole of formaldehyde produces bis-(4-
i2>(gg5)“>§yphenyl)methane, also known as Bisphenol F. The aromatic

ydroxy compound that can be used for producing the bisphenols can be

a substituted or an unsubstituted aromatic compound containing at least

one OH group. Suitable aromatic hydroxy compounds include, but are not
dpfRnster o e draHet1anPheRehudes 8aRle3-FESRbkATE6RBhenols can be

2-C Iorophenol,713-chlorophqé1:%|], 4- crlofropheno_l, 2-tert-butyl henol,E i
U ethyIPRe IS AR gthy I5hERGT B2 hiopHE sBlalyst, wherein
ilg-phierophersked-plramoryphiensl, (Bemethoxy phénnt, 23 Gniricoethyind is

. -fat I - -dichlorophenal,.3.5-

o e 2. CrtbubStanol 3. SHERy (o er
3T aaIPARg behAnrAbPUshierlfiur@rPHse sslesyoing fardmplirnphidrxy
paaspeUMdsGaralasiibe usedbRRERehisadmdlisulaks degitalie ARamabc
:Iah3'(>dr- Xy com ound fo]( Pr?ducin[% bisphenol A bly reaction with acetone.

B oL 2ot RS G cotalyts eam be used i vaniciy
ofifdrhis (4-hydraley- 2smelihisl phiemy Beamioexaneiby veabticnmidh of an inert
agrelaiieranonm be unrionalicer el sl aNRTKA [laing

reaction of the carbonyl compound with the aromatic dihydroxy
TS IRE A RRAETE PSR BeRMliRfoT¥HBEe. In a batch mode, the

carbonyl compound and the aromatic hydroxy compound are preferably
Thatifeed tpiREspre sehbbeopthed i tiobaliybcoraslitedcatply&ratlysprodress

1o AfdentaaRtion Satshe flayed RYASBRIONSRNANMICRL IPENRIGHES 3SR

Wa{giﬁ%chromatogrtaphy or high-pressure |IC]l%Id chromatography. In the
BBt b e S S SHIRUEEHEBRdh IS &' 4rsaisy I Bemrii ot dAd

abtive aPtPnatic hydfoxylgampeuntaaie cantinuoushtinimducesdnieat least

is] ' luidized bed packi isi
P B bt B T IR e

funeiapelizttrec iy exalvplceames deramabinsyreenssiforntakihenblspritisls
stag@izbeatariied Qutein 3:5iNga reaciobpadsad wWith the funstianalizgdoter
by;%%%ﬂ%?sc a}%l,y gitépvf\gggg g]n the effluent) is predominantly produced as para-para
{p/p) bisphenol although some ortho-pura (o/p) isomer is produced. The average ratio

of p/p to ofp is greater than or equal to about 20.

The biéphenol is then isolated from the residual starting materials, water and
byproducts. In the isolation process, water, residual carbonyl compounds, and
optionally, some residual phenol are removed by vacuum distillation. The removed
cgfbony} compound and residual phenol can be separated from the water and recycled
" to the reaction feed. The p/p bisphenol may be isolated from the bisphenol containing
product stream by methods known in the art, such as adduct crystallization, solvent
crystallization, melt crystallization, distillation, or a combination of the foregoing
isolation methods. The phenol compound removed from the product stream may be
recycled for use in the catalyzed reaction or adduct crystallization, when present.

Advantageously, the high degree of selectivity of the reaction for p/p bisphenol results



the phenol is passed continuously into then reactor and the carbonyl

- compound is selectively introduced in one or more stages of the reactor.
bhesstaged addition of carbonyl compound has the potential to offer
improved selectivity for bisphenols. In particular, the staged addition of
carbonyl compound can improve the selectivity for the p,p-bisphenol
isomer. The functionalized zeolite catalysts can be used in a variety of
ifolmsrasd powaderitas pelietyotlangdsheh stz dvaiingtonithiatou sidéof
9 Emm_@ggﬁﬁga%grq%fémﬁ@lﬁ&éﬁ%@ﬂ%%egam asaalming, silica,
and the like; as a coating on the inside of a pipe reactor, or as a
'monolithic structure. The feed comprising the, phenol and. the carbonyl
e LA ot e o L CA A s
fecterperattr @ity maboue1dBetorabovt XOBTURY filsanenityrasgetthechieve

. h.%fgdoli'ﬁ}%){oﬁ%@&fw RIS 95@5‘#&9%%@2%%?&@ ARl PP Mnatic

,more preferably greater than or equal to about 40 C, and even more

AR Rt 437 BP G FAMBOABEL PUS S PateSHCE SR FORIBIRIPE
ithrriinctienalingdpzenliel cataly sreerul sam davefl uendtomrispags, for a
bisphenol, residual rting materials. water produced as a byproduct of
o L A A e RS A TRt
selrethomtinrartinp lsrbd rrehicap paiseisand IEpMmYrbidpaincratiHbagh selersivity
cRHthe pasR(eiPhisermenisPraduaess Theavieras raticu ke tenlPitstion
reater than or egual to about 20, The hisphgnol is then isolated from the
AT S R I 2 STPRITIRr o B AR {hBILSTSH S IEAR,
covatepgasicerad omdmdnmlummponh@,amjwmmmmadmmmmadaﬁth the
- nhhenokare meved Ry.yagumdisiliatien. e Lemoved: CRIM tion to

compound and residual phenol can be separated from the water and
the PoEied S ERb TR ctiom fee ey S BISseHS RSP HervaiptedthahrtRb
chishbanalcantabnisgirdunt;stEaane DY maHh QsKBeMm IR aNsSldakes

as adduct crystallizatjon, solvent crystallization, . melt crystallization,
ool LSRRI AP oo RIS B B et
theheévrolacopapdtingfrarpbieat frarh bive!prad elestreiimmasyeld, aetyeteddor
sdiginihe Latelzed reactionpadductorvstallizatinra Whap - RES $6Mantial

Advantageously, the high degree of selectivity of the reaction fo- p/p . .
!eks%spﬁéﬂappégmfgcycle to the Teactor, as compared to the bisphenol selectivity .

expected with a virgin feed, that is, the feed does not comprise a substantial impurity

recycle.

In other embeodiments of the continuous process, the single or multiﬁie reactor system
comprising the fixed bed packing of the catalyst may further comprise packing
structures designed to alleviate the hydraulic stress that generally results from
prolonged. operation. Such packing structures may assume a variety of structures
specially designed to withstand hydraulic stress, and may comprise materials inert to
the reactive materials used for producing bisphenols. For example, the packing
structures may comprise materials, such as steel, aluminum, ceramie, and the‘like.
The funciiona]ized zeolite compositions disclosed herein in this disclosure are

expected to have crushing strengths much higher than those reported for the
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16 124567-1 in the amount of impurities being greatly reduced, thus
facilitating the isolation of the p/p bisphenol, improving the overall
effigiency of the reaction and isolation. Many catalysts that are used
commercially do not exhibit very high selectivity if the feed comprises only
phenol and ketone. A technique frequently used to achieve higher
bisphenol selectivity is to use a feed stream comprising not only fresh
tarbtivatity hysddoxy dompoundiand caibomytigemporing, liut pleseackeeyale:
pRUERILEOMALEING, e I oR AENGIRIN PIREHASHD & RieaNR AlYalien
reaction (or pass, for a continuous process). This approacah @'engralﬁy
gives higher overall bisphenol selectivity, particularly for the p,p-bisphenol
ALORRLF %H’%ﬂfé”&%%%’??ﬁé“ﬁé{@éﬁééﬂ\}ifypréﬁ?f%‘ﬁ?ﬂﬁr&?eﬁ’1539’?8 aheeolie
chinapuritiesnioitaelreactfahteauwppess isom@rzation reactions and/or
further production ofimpurities. For example, if a recycle stream
containing (among other jpuriies) ortho-para-bisphenol isome&'fv)
contacted with the functionalized zeolite catalyst, the ’
ortho,para-bisphenol can undergo isomerization to the
“har har RIS SHERTISSBMHEr, thereby enhancing the overall
para,para-bisphenol content in the reactor effluent. This enables simpler
Igovaksmed smibedation sthenfersbhdumusentwpurityhofispfremollin He):
reactor effluent is higher. The zeolite catalysts therefore are capable of
producing high bisphenol selectivity in ggneral, and para,para- selectivity
in particular, under cpnditigns w efg}ﬁ)@ edctdiféqd|comprises
substantial levels of imqurity re ycI{e to the eac%tor, s compared to the
bisphenol selectivi ith@ virgi azthat is-the feed does not
comprise a substantial impurty {recycle. in ¢ther emhodiments of the
continuous process, the singlé or multipteSreactor systém campyjsing the
fixed bed packing of the catalyst may further comprise packing structures

whigsigned to,adeiatsiherbydsamlic ﬁreﬁ%ﬁ%*c%'ﬂ&r&"ysﬁﬁﬁu% f%ylene,

_prolonged operation. Such packing structures may assume a variety of
OB s LAY R0 R ELAr Ry Al SHERee g o
allgdiﬁpwsgrmterjahseinenttbylene, ethylene, ethylidene, propylene, propylidene,

isopropylidene,  butylene, butylidene, isobutylidene, amylene, amylidene,

' isoamylidene,land the like. Altematively, E may consist of two or more alkylene or
alkylidene groups connected by a moiety different from alkylene or alkylidene, such
as an aromatic linkage, a tertiary amino linkage, an ether linkage, a carbonyl linkage, a
silicon-containing linkage, a sulfur-comaining linkage such as sulfide, sulfoxide,
sulfone, a phosphorus-containing linkage such as phosphinyl, phosphonyl, and like
linkages. Inwaddition, E may comprise a' cycloaliphatic group. R" represents
hydrogen or a monovalent hydrocarbon group such as alkyl, aryl, aralkyl, alkéryi,
cycloalkyl, and the like. Y' independently comprises a halogen (e.g., fluonne,
bromine, chiorine, iodine, and the like}; a nitro group; an alkenyl group, allyl group, a
monovalent hydrocarbon group such as alkyl, aryl, aralkyl, alkaryl, cycloalkyl, an oxy
group such as OR, and the like. In a preferred embodiment, Y' is jnert to and
unaffected by the reactants and reaction conditions used to prepare the polymer. The

letter “m” represents any integer from and including zero through the number of
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the reactive materials used for producing bisphenols. For example, the
packing structures may comprise materials, such as steel, aluminum,
rersgnic, and the like. The functionalized zeolite compositions disclosed
herein in this disclosure are expected to have crushing strengths much
higher than those reported for the 17 124567-1 traditionally used acidic
ion exchange resin catalysts. Thus, the presence of the packing
%ﬁﬁa‘ﬂﬁe@’is‘%xﬁé"d{@d% %rfﬁ@?tifﬁﬁﬁ?ﬁi/e Ehe"ﬁPéFﬁﬂéSoPﬁwé“éféi%[lngm and
ipataking . z&somatighdifyy diebe.comprinds (hat eamibeiprepaiestiugiog; the
: functionaILzeqezer()Jite | cat? §t§ gom%cislgemesrez é)rf tck’lre gee_naerc?l‘lgqrrmula
r&f@)‘i‘:"ﬁé-ﬁ&-éﬁﬂ &i\/ﬁ? Whérein'a2s an arormatic g(r)ou’p.qn a pre errad”
appnivedienerA2emesferably has a structure as shown in formula (XV): -
(Y1)m (R13)p (Y)m Gt E Gl | S u (XV), wherein G' independently -
JeREIseNiSapREONBALIE grppidsuchyapmhenidens, biphesyleidese, 3,3,5-
naphthylene, and.the like aromatic grouyps; and an alkylene or
Bah AR R S T R A
noropylididnes, isshmemditteriéeddnaty yadodeglitéens, isdbueplidedtos antglene,
samylidengnitsoamylidengrand therlie. Aiﬁ%m@éivgﬂysﬁfm@y Qoﬁﬁiﬁb%r%ﬂ)

or more alkylene or alkylidene groups connected t%/ka moiety different
[

AR ey AT SRy RieReBUEN 2B TR atil IR En KA iArG ARG

giokageicaatherdirkageym sadbosijichnkageiaingilichngeantdining fitdkage:,

of §(ull‘yr§&ggentaining linkage such as sulfide, sulfoxide, sulfone, a _
p%oyspﬁoﬁls'-containing linkage such as phosphinyl, phosphonyl, and like

linkages. In addition, E may comprise a cycloaliphatic group. Ris
IR hyEEEY 6Pt A wy%‘?a“ea%&ﬁlb@oﬁbegueﬂra%rkﬁve
Yarylpaalol iapcasl, tygloalkyk ardihe Iﬂceﬁﬂémdeplemmwmmmsesxa

th@ai?g%ﬂb(s%génﬁl.u%ﬂgt “s” 1§ zero and “u”’ 18 not :c,i'ero, the aromatic rings are
directly joined with no intervening alkylidene or other bridge. The positions of the
hydroxyl groups and Y' on the aromatic nuclear residues G' can be varied in the
ortho, meta, or para positions and the groupings can be in vicinal, asymmetrical or
symmetrical relationship, where twa or more ring carbon atoms of the hydrocarbon
residue are substituted with Y' and hydroxyl groups. In some embodiments, the
parameters “t”, 's”, and “u” are each one; both G groups are unsubstituted phenylene
groups; and E is an alkylidene group such as isopropylidene. In particular
embodiments, both G' groups are p-phenylene, although both may be ortho- or meta-

phenylene or one ortho- or meta-phenylene and the other para-phenylene.

Some illustrative, non-limiting examples of aromatic dihydroxy compounds of
formula (XV) prepared using the functionalized zeolite catalysts include the
dihydroxy-substituted aromatic hydrocarbons disclosed by name or formula (generic
or specific) im U.S. Patent 4,217,438, Some particular examples of aromatic
dihydrox.y compounds  include  4,4-(3,3,5-trimethylcyclohexylidene)diphenol;
4.4'-bis(3,5-dimethyldiphenol; 4,4wbis(4—hydroxyphenyl)heptane;A - 24-
dihydroﬁydfphenylmethane; bis(2-hydroxyphenyl)methane; bis(4~
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bromine, chlorine, iodine, and the like); a nitro group; an alkenyl group,
allyl group, a monovalent hydrocarbon group such as alkyl, aryl, aralkyl,
Iaﬂlcf%@fll cycloalkyl, an oxy group such as OR, and the like. In a preferred
mbodiment, Y' is inert to and unaffected by the reactants and reaction
conditions used to prepare the polymer. The letter "m" represents any
integer from and including zero through the number of 18 124567-1

IRRSEGPRAN fRcavalablgsfansuhstiuiom. e ASRRISNS aeséﬂ&qgg%&?m,e-
and |nclud|n9 zero through the number of positions on E available for
LB toRT e YRR R AR ARtinte fd Frat Y S A RbsRY DRy is lefbi(4-
lgelremizoﬂa?mpdéirylﬁmlesmmbia%ynm&g@pl:mmm:@g@er@o%ui,ta{pjeknown
examples inglude cyclo vlidene, eyclghexyliden

B SR Y s
BepigiRtiondipiphdesie?  hespehidenés ety ihweriadeeyphid @iebis(4-hydroxy-
mﬁféﬁ%ﬁ%@ﬁ;@fm@m@%@%ﬁy&m&iﬁs%wﬁma%%%@ge 2,2-

u

: sgé as sulfi foxide or sulfone, a phosphorus- containing Imkaq)e
B r??}3’?)h%%ﬁiWﬁ%ﬁo‘é‘ﬂﬁgﬁ%ﬁh‘:@fﬁ@?"ﬁ’ﬁl@ge, a carbonyl group *¥(%-
Hpdtisyphitrdysnlgiexymanthe slizoi@onidiniyghlinikbgephuclpsasane -
i i the ar tic dih X). CO und shown in Formula
i R A e S
(sam@lof diberdredTHesesimelholddnte fortituary: silisstinpertiovHivedrexy

c@ﬁﬁf@z@ﬁkdsgwbiédl%rﬁ@f@gﬂ&%;ﬁé@ﬁ@@ﬂﬁ%@%s@%ngﬂﬁﬁu ipRedmih AR .
interyening, alkylidene or other bridge. The pasitions of the hydroxyl
BN B ST R L 0108 SR DEPRERHn the
ortho, meta, or para positions and the groupings can be in vicinal,
Bisyfienabtacaestd syrmerstieat reldtidrsHiphotdsedesenfee o hareire atn gsoassoiy

satams 2 thefavrlosarRamasidueraserswbstititad with X' andydiodbed
i r ]qspé, Ili'u soreng emk%?glrﬁents, the parameters "t", "s", and "u" are ea}ghh
RES 15¢ S AGPEE (HRSHERE R pRE et gPatlisLarkr RolS Hnhis

one® 5oth G groups
yedldyldénezigebuitysu dfiasoisoprbpylistené. impanididad zeolite catalysts offer

improved mechanical strength and less fouling over prolonged periods of use, which
results in longer catalyst lifetimes, thereby reducing operating costs. Polycarbonates
are generally prepared by the polymerization reaction of an aromatic dihydroxy
compound with a carbonate precursor, such as carbonyl halides or diaryl carbonates.
' Methodé of polymerization include those disclosed in the art, such as interfacial
polymerization, melt polymerization, solid - state polymerization, and solution
polymerization. The bisphenols thus obtained are valuable for producing the
polycarbonates compositions, which in turn are usefu! for making various articles

useful for:high heat, optical, and engineering applications.
The disclosure 1s further illustrated by the following non-limiting examples.
EXAMPLES

The following abbreviations are used to describe the various reactants used for
preparing the catatysts, Cat-] -~ Cat 15. All catalyst structures were analyzed using

powder X-ray diffraction and infrared spectral measurements.
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embodiments, both Gt groups are p-phenylene, although both may be
ortho- or meta- phenylene or one ortho- or meta-phenylene and the other
1pagerphenylene. Some illustrative, non-limiting examples of aromatic
dihydroxy compounds of formula (XV) prepared using the functionalized
zeolite catalysts include the dihydroxy-substituted aromatic hydrocarbons
disclosed by name or formula (generic or specific) in U.S. Patent
1487 485 8oHme PUrENMEY Wkandiad &t ardifdtic: difyirses e
11%&3&(A,4'-é333,5§rimetrl?d@ylnqlmﬁguﬁdaﬂﬁgdmmnol; Elarﬁmide; TEOS:
,4'-his(3,5-dimet iphenol; 4,4-bis(4-hydrox nyl)heptape;.2,4.-
i A ATl Y B
nik245EhHbphydioeishemidimethane; bis(4-hydroxy-5-nitrophenyl)methane;
bis(4-hydroxy-2,6- (limethyl-3-methoxyphenyl)methane; ‘
- Xlrgybiﬁﬁrmdﬁ‘i)xm_%}y%mﬁn@ér&%Qﬁﬁé@' out using a Rigaku Miniflex
' DEJ d?%oﬁ%lﬁzifl?&%{@ﬁa%gy@%ﬁ%%%nb'ﬁ&ﬂqQXa‘ﬂ%%B earr%ls)t%%?ne infrared
s @rbistBsphetydidelly dsdngy phis malprofaiB : 2,21 bi8(@-hyslraxg8- (Diffused

rIERARNGRAIBLORANG e 2 BB IMALO N2 LRNEADRPRARed out on

,2-bis(4-hydroxy- 3-isopropylphenyl)propane; .

the pvivigsizs s%5-dimethylphenyl)propane; 2,2-
bis(3,5,3',5'-tetrachloro-4,4'-dihydroxyphenyl)propane; bis(4-

Thiyldroxyiphenyhe sclahexylmethianed amounts used for preparing the various

histe-hydioxyenanvianeayipionnne: &4xgivsligyypheny! suifone;
C%éélsgﬁwéldar%fyr ﬁap%%gf/enee;%y’dro uinone;gressocrrégnol; and C1.3
alkyl-substituted resorcinols. More particularly, the aromatic dihydroxy
CeBRRUYR 78388 led from the group consisting of bisphenol A
1,1'-bis(4-hydroxy-3- methylphenyl)cyclohexane, or mixtures of the
Thotsgeimi)arforaabies bisphepstsi o B SHerdIsTsreparetr feaccOrdd iéé With! »
@hﬁfdﬂ&t@@ﬂ&&ﬁ%@é@gf#&@r@éaileée(@@ﬁgféaiwassumab‘reaf@r;ﬂég%an@ﬁording
polycarbonates. The functionalized_zeolite catalysts descri in.this
RS E SO BRSOt 4 TR SRS G A rih
refietddinddsg lebibrity( sV aieave fothbus gl fametomekz e diteghteatatapists:.
TRIEL 'H?E’#Or}{%%r% RRRNIEN SUEPPRARAIESR IOUHAU QNPT PIRIGNGE about
periods of use, which- :
100°C for about 10 hours. The resulting material was oxidized by treatment with
excess H.0; (30 weight percent aqueous solution) for about 24 hours at ambient
temperature. The resulting material was filtered, washed with distilled water several

times, then with ethanol, and dried in an oven at about 100°C for about 10 hours to

give Cat-11.
Comparative Example 2.

This Comparative Example describes the preparation of sulfonic acid-functionalized

H-Si-MCM-41 catalyst, as referred to in Table | as Cat-12.

CTARB was added to TMAH aqueous solution with stirring at room temperature until a
homogeneous solution formed. To this solution, with stirming, was slowly added a

mixture of TEOS and MPTMS in methanol. Afler being stirred for about 6 hours, the
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results in longer catalyst lifetimes, thereby reducing operating costs.
Polycarbonates are generally prepared by the polymerization reaction of
L an romatic dihydroxy compound with a carbonate precursor, such as
o dﬁyl halides or diary] carbonates. Methods of polymerization include
those disclosed in the art, such as interfacial polymerization, melt
polymerization, solid - state polymerization, and solution polymerization.

redigbisphenolsthysebtaingd aryvatyalg for PrRduCgtRe cion mixture

polkécarbonates compositions, which in turn are useful for making various
waietad ety PV RigH bt Bestivale ity Srigimss e dspIRogaprh ks
dadistlesweefdse furth emiiustratechbynthe il owirg: o Arodimitingreyampias! by

XAMPLES The, following, abbreviations ar ed to describe, the various
AT R IR ™
mehereliped wararanbygredasingcipoRiderX-rayhdifirictiovrhig infrabed 24

hopectraldnBAsURREAeAtSy 201240 ink 6B B CRMtAMSLhYIanamenitig,
- bromide; TMAH:Jetramethylammonium hédroxide;.DTAB: o '
MERRER, RFTRRIHDIAIR SR SFE il ZFEO E1¢ PRt RS RBEI et ing

thd Se@ic(3vitthy dreey&ily ) propariesutom d abick el Perd e (B about 24 hours
e h / giffracti ements were
R e T ARG T
etlapahiss s Hua=a/sa 06k d@8iRs). Infrared ‘spectra were obtained
. using Shimadzu FTIR-8201 PC instrument (Diffused reflectance
Capscttoscbpynmise@)dBT surface area measurements were carried out
on the synthesized catalysts. Table | shows the starting materials and

Thaseu M LUse’IOTHRISRIIBG NN lieue | Ralalysis iBraccardaneg e

glail%otl dp}ro&;ggl?rias described below. Comparative Example 1. This

d
a éexférrﬁple escribes the preparation of Cat-1 | shown in Table 1.

H-Al-MCM-41, :
To prepare Cat-13, H-beta zeolite and MPTMS were refluxed in dry toluene for about
4 hours under an inert atmosphere. In a similar manner, Cat~14 was prepared by
refluxing H-Mordenite and MPTMS. The resui'ting solid materials were recovered by
centrifugation, and dried in an oven at about 100°C for about 10 hours. The dried
materials were then separately oxidized by treatment with an excess of H,0; (30
weight percent équeous solution) for about 24 hours at room temperéture. The
resulting solid materials were filtered, washed with distilled water several times, then

with ethanol, and dried in an oven at about 100°C for about 10 hours to furnish the

desired catatysts, i.e., Cat-13 and Cat-14.
Comparative Example 5.

This Example describes the procedure for preparing a heteropolyacid-functionalized

zeolite that is referred to in Table 1 as Cat-15.

To a solution of the heteropolyacid compound HsSIW 3049 in methanol was added
silica or Si-MCM-41, followed by refluxing at about 60°C for about 3 hours. The
solvent was evaporated and the resulting solid material was dried and calcined at

about 250°C for about three hours.
22



non-functionalized mesoporous zeolite (designated as cat-17 and prepared
according to the procedure described below under Comparative Example
Puaad- MPTMS were' refluxed in dry toluene (as solvent) for about four
hours under a nitrogen atmosphere. The resulting material was recovered
by centrifugation, and dried in an oven at about 100C for about 10 hours.
The resulting material was oxidized by treatment with excess H202 (30
%@H{aﬁéﬁéﬁnﬂdﬁéous solution) for about 24 hours at ambient
temperature. The resulting material was filtered, washed with distilled
Thatdieeyeealeiimips; theprevithednariol- MdNrdd Priaibhvehict edvoe used

AAGHOLAPRYL AR NOW S L% VS Rl b L GIRDRAIRLNE Example 2. This

omparative Example describes the preparation of sulfonic

cid-functiopalized H-Si-MCM- atalyst, as:.referred to in Table | as

O TG, s B UEES TN 260 LA Bt ST S BB e
de@hpénaMgwﬁﬂsasdhminmdeMsMwﬂmﬂMm&ﬁ thEo tdildatutiengahition
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After being stirred for about 6 hours, the 21 124567-1 reaction mixture
RS FEBRER U en fetier fsetadoundes Frélws famhebpuh AffobPHiBctutES wrggtion

%hﬁ%rﬁlt%?iuwag,hﬁbwgamdisﬁllﬁmwawes@w&h ;dme@:mﬁm&ﬁ%t%weaﬁdj
ried as described before. A te com was extracted from the
R BBy TSP T T ASFBY el e Bt e
dajdinod boxiccareid iz 00agrains ahvetheaioCdndbgrafihbydrockioribadadiper
pg{;gmto]‘_éh%glri_e]qicatalyst) for about 24 hours. The final product was
fitered and dried in oven at about 100C. The mercaptan groups in the
doroduct were oxiqiz,?d to the sulfonic acid form by stirring the product with
A REEOTdEXE8S ‘of aqueous hydrogen peroxide for about 24 hours at

room temperature. The resulting product Cat-lzg:ﬂ\v%as filtered, washed
Thith hreeep cetlssridteanicdned e iprowdn i Bd M dd cressripatarRoite,

rEsapantessTand74n Table 1.

CTAB was added to TMAH in water with stirring at room temperature until a
homogeneous solution formed. Fumed silica was added to the solution with stirring
over a period of about one hour. To the resulting mixture was added sodium
aluminate (0.6 grams) and stirred for about three hours at room temperature, followed
by heating to reflux for about 48 hours. The resuiting mixture was filtered, washed
with distilled water several times, then with acetone, and dried in oven maintained at
about 100°C for about 10 hours. The dried material was calcined in an oven
matntained at about 540°C for about 10 hours. The sodium form of the calcined dried
material was then converted to the hydrogen form by refluxing with an ammonium
nitrate solution (20 milliliters of a I Molar solution was taken per gram of the sodium
form of the catalyst). The resulting material was filtered, washed as described before,

filtered, and calcined at 540"C for about 10 hours to furnish Cat-17.

Comparative Example 8.
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These examples describe the preparation of catalysts Cat- 13 and Cat-
14, respectively, as referred to in Table 1. To prepare Cat-13, H-beta
1 Zeglite and MPTMS were refluxed in dry toluene for about 4 hours under
an inert atmosphere. In a similar manner, Cat-14 was prepared by
refluxing H-Mordenite and MPTMS. The resulting solid materials were
recovered by centrifugation, and dried in an oven at about 100C for about
TH® dyaunse THH-ddedwmatenizds wam&h&&&&@mai@bbﬁid@mm]wd@ﬁwm
d:wg El%nlze)ﬁ%eopo f hlezi‘%%! %Qe Wgrll%nei% Feﬂ ngae%p%l‘?ml{gzﬁn) fo rae eo%t 24
rS at room tem perature. The resuft g solid materars Weré ereH

tom@ﬁéa hatH-ematifddWalter several times, then with ethanol, and dried in
an oven at about 100C for about 10 hours to furnish the desired catalysts,

Examopledt-13 and Cat-14. Comparative Example 5. This Example describes
the procedure for preparing a heteropolyacid-functionalized zeolite that is

- THRfexERhio dasdaRle as-Gatation SouR StIGR.RELRS digteroRalipeld.

compound H4SiWw12040 in methanol was added silica or Si-MCM- 4
ciRpveg AYJElxing a1 abouy 60C o ghout 3 pours, The solventas

e_vaporate the resu %lng solid"material was drie
b hiePSeaTRsabiicthfemhdu i BPs 194667 \tasGombearddub ERestipieds.

a nlRisExampissdeaeries Jhe pepparation AL Si M@%é‘i%g{g%%r\’x%% 6

can be used as.a substrate for preparing the functionalized zeolite
boyrs Al By WBIINE Sdadatecandusts PRARPES AR R witthedrrsiipat
1mmom\t/amﬁbeeetmrevasmd a«hnmmgeemmwdwm farBe dthenl m@cbﬁdlqaqd

aridvas hen adged dgt EL‘W' fh plirring over g fps&'r%%%a‘?é% o5y
hour, stirred for an a dltlonalt ree hours at room temperature and.
refiysing o U drstretRbensr petiteseAdursodier e aditdn Ohixeme Wasemmcéd,

an\Bghes mﬂy&i&s&ﬂleﬁid/ﬁat@b@egﬁh%&m@%am?&)wﬂ@ﬁ%m{?ﬁg Afuct, ic.,

Cat-1, was filtered and dried.

Examples 2 and 3.

These Examples describe the preparation of functionalized zeolite catalysts Cat-2 and

. Cat-3.

Generally, both Cat-2 and Cat-3 were prepared by adding CTAB to a TMAH aqueous
solution with stirring at room temperature until a homogeneous solution formed. To
this solution was slowly added with stirring, a mixture of TEOS and MPTMS-1 (3-
mercaptopropyltnimethoxsiloxane, referred to as the. first. mercapto-functionalized

alkoxysilane) in methanol. Afier being allowed to stir for about 6 hours, the reaction

mixture was then heated under reflux for about 48 hours. The sojid material obtained

was filtered, washed with distilled water several times, then acetone, and dried in oven
at about 100°C for about 10 hours. Template extraction was done as previously
described in Example |, followed by drying the resulting materials to give the first

intermediate product.
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dried in oven maintained at about 100C for about 10 hours. The dried
material was calcined in an oven maintained-at about 540C for about 10
% to give the desired product, i.e., Cat-16. Comparative Example 7.
I5 Example describes the preparation of H-Al-MCM-41 mesoporous
zeolite, referred to as Cat-1 7 in Table I. CTAB was added to TMAH in
water with stirring at room temperature until a homogeneous solution

fomaskchMmedsificanas addestdaihg-solidancvil stiking0ver f-nekiod
of about on lhour. To the resuﬁin#]mixturew s added so iurqP aluﬁi”ate
s S 64 1 SBO DY ED RO PO TR NGRS 22 hours
foHowed:imeheating to reflustipsalbptod8chafies bEing reshitingithixaiee and
%ﬁr?fgzéﬁlfgrtgdsuﬂ/séﬁnggl}Nﬁmadés?tilwgtgrroﬁ@c\!@fﬁé s m%Hn\é@thﬁ%QQ&

ried in oven maintained at about 100C for about 10 hours. The dried
hateritdRus cAFT@EIREn oV@A Thaintdihed & %BoutsioC MF Bout 16 .

exepdhepshdinenhiasmedifiecaleiiad diiad maiatialnmapihamanivaned
to the hydrogen form by refluxi ith.an ammonij nitr solution (20

e e e B B ot
Whe Eheadgsyashind webuitate. rthtonblnd fitbrddedvetshed 486 deribeht 10

ieiorg rlilinred. and:calcingd@tR4QgG for ahaul 1D hours to furnish
Cat-17. Comparative Example 8. 23 124567-1 This example utilized

é_ewa%it }51 11&%} ion exchange resin, an acidic sulfonated styrene-

amples 4 and 10, . . .

VI enzene copolymer obtained commercially from Bayer Chemicals,
and referred to in Table | as Lewatit KI 131. Example 1. This Example
s drisEvind piepsraticnrstna tih RoHuisad Yeslife?tAtaRbieatq. The
poobAddrwascdddedi tensinah o @ons gedutibedafbbMbAldr with stk rgtalsaoat-2

t t til . t] ned.. To this mixt
ag?{)%v%;f—%; cj%‘ '%e(aa'{’lv%t gﬁﬁ;@g@%@%@@&%&@% 9r-fprmed.. To this mixture was

Examples 5 - 9.

These Examples describe the preparation of the catalysts Cat-$, Cat-6, Cat-7, Cat-8,

and Cat-9, as exemplified by the foilowing general procedure.

The preparation of the first intermediate product, the second intermediate product, and
its subsequent reaction with the second mercapto-functionalized alkoxysilane
MPTMS (to form a third intermediate product) was identical to the method previously
described for preparing the catalysts Cat 2 and Cat-3. The third intermediate product

after being dried was reacted with the heteropolyacid compound as follows.

The dried third intermediate product was refluxed with a solution of silicotungstic
acid in 60 milliliters of methanol for about 3 hours. The resulting solution was
evaporated, and the solid material remaining was dried at about 100°C for about 10

hours, followed by calcination at about 200°C for about 2 hours to ﬁimish the desired

catalyst.

Example 11.
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a mixture of TEOS, MPTMS, and TSPS in methanol. After being stirred for
about 6 hours, the reaction mixture was heated under reflux for about 48
1 houys. The reaction mixture was filtered, washed with distilled water
several times, then acetone, and dried in an oven at about 100C for about
10 hours. Template extraction was done by refluxing with methanol and
“concentrated hydrochloric acid (100 grams of methanol and 5 grams of
Imytrochlaiplacilpeedisanaakthd catalysipud Henerulingpraduet, ¢aalysts

SaLdeyv ot}lte\{%g a’%‘;’ugt”?dro xamp| t?ér%c%”éj% &h F‘on g g%eé)o fsgiRe

Pihe’ preparatlon of functionalized zeoli catalysts Y'and
aqgienefallpripdisrtenedaRFaat-3 were prepared by addlng CTABto a

TMAH aqueous solution with stirring at room temperature until a
Ahmnﬁgﬁhebu@!s@qmmdommled go-1this sqjuﬁﬂmmlgwmddﬁhbMImz

: stirri ng rg% e(% TEOS I\@PT
_ i t laced il bath
é’ramsgdapf:oﬁro trlme r(%](]:l%llaoxane re e% tg:?s) m%np goed in an oil ba

-mmmagicﬁif@déﬁmqwﬁa@dofaak@kygna{ﬁe)Themé@h@ﬁelwp&ténmﬁgr&ﬁdwemb '
vigt for abaut B heursmihe ieaatians mid senasdhandeatadunaen et

for about 48 hours. The solid material abtained was filtered, washed with
iRl Y ARSI eBY &2 It corEAPREes iR 260 e dtSn Roi: R Sheatsagiion:
TIﬂeOﬁﬁgmesabf)Uielﬁdaoumwﬁﬁemmme@(tm@u@nhmmag (EEVidbyshking

ak%ﬁ%% Befldndz %H%'&i'mioélod"@é’r% ARying e fesyiling Materials éﬂc%ﬁ%

rst intermediate product 124567-1 The mercaptan groups o
to USER%EE R prisivict Wenelepigadtisy frsdehaem xmithvasthredonyt as

foB¥&ess of aqueous hydrogen peroxide and stirring for about 24 hours at
room temperature. The resulting solid product after being washed with

A VaBIARdi £HRAIRb.RR6 S %?QH?QEX drigd 2l 906 10 PHAAHCE G eighed

second intermediate E)roduc The second intermediate product was

acghaaidy Wit MPTmgiticnréresineiibpyRHATEA Sesiivsan ehtbataitetitisas!
staiRSELeEMarcApOWstianalized: 0.2 milliliter sample of this SOiUFlOl’l was

added 0.5 milliliter of a derivatizing solution containing bis(tnmethylsilyljacetamide
(BSA) or bis(trimethylsilyl)rifluoroacetamde (BTSA). The derivatizing soluiion was
prepared by mixing 50 milliliters of acetonitrile, 25 milliliters of acetone, and 25
milhiliters of BSA or BTSA. The resulting solution was used for GC analysis with an
. experimental error in measurement of & 0.2% with a 99% conﬁdence. The results
obtained from evaiuating the catalysts are also shown in Table | below. “NA” in the

Table denotes “Not Applicable”.
Analytical Procedures.

Weight percent of acetone was determined by treatment of the sample with
hydroxylamine hydrochloride, followed by titration of the Iiberated HCL The weight
percents of para-para-BPA, ortho-para-BPA, phenol, and bisphenol impurities in a
reaction mixture sample were determined by standard high-pressure liguid
chromatography (HPLC), with an expertimental error in measurement of + 0.66% with
a 99% confidence. The weight percent p, p-BPA selectivity was expressed as the ratio
of the measured weight of p, p-BPA divided by the total weight of all components
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alkoxysilane) in dry toluene and heated to reflux for about 4 hours. The
solid material was filtered, washed with water, ethanol, and finally dried at
126Ut 1L00C for about 10 hours to furnish the desired catalysts, i.e., Cat-2,
and Cat-3. Examples 4 and 10. This Example describes the preparation of
the catalysts, Cat-4 and Cat-10. The procedure used was identical to
those descriped above for preparing catalysts Cat-2 and Cat-3, except
SHEROTRE o (SR RS o7 NG el BCq: Thdle EApRYe
deessiibddhefprepaiatianotthecatalystsiCasitg Bat-6;sCatr Tit@atr8nedingl.
A% SEmRliatRy e IeWna el RRceAuR TG PRPAARL
of the first intermediate product, the second intermediate product, and its
cappREHORMSEHEtEN Wik e dBdadtFiercapto-functionalized alkoxysilane
MPTMS (to form a third intermediate product) was identical to the method
previously -described for preparing the catalysts Cat 2 and Cat-3. The
third intermediate product after being dried was reacted with the
heteropolyacid compound as follows. The dried third intermediate product
was refluxed with a solution of silicotungstic acid in 60 milliliters of
Trﬁﬁtrl\anol for about 3 hours. The resulting solution was evaporated, and
fhe solid material remaining was dried at about 100C for about 10 hours,

followed py calcination at.about.200C for about 2 houys to furnish th
desired ¢atalyst. Exapple [L1. 2b 124567} In tﬁks Example, the £ &
pgrformance of the vdriousifunctionalized Zeolitej catalysts | produged| =
alpove wasgevaluated{fér a patch prodess in the reactipn. of|phenct with,,
acetone fasform bispherol A (BRA). A 20-nillilite vial pquigped with a =
_gas-tight|septum was|chafdes with phienol (2 grams).2he catalyst (D5
£ 3 . [t ‘:' 4. = = L 3 A L e =3
Zgram, abogt 5 weight pfr ent), angl p aged |n§an o&bc th | § .
4 4 = vy ) e 2
Els )% 2§ 212 18 |€ {2 ig |3 |€ |2¢8
a1 & & £ 2|5 1a & = S I 2 2
i Cat 1 NA 0.9 9.t NA F0.G 4.1 NA iz NA NA a
2 Cat-2 NA [ 7.0 NA 17.2 il 1.t NA NA 699 93
i Cat-3 NA § 16 NA 232 1.2 2.4 MA NA 449 96
4 Car-4 NA 0.8 MA 72 18.4 a8 08 NA NA NA 95.6
5 Ca-5 NA ia4 1.3 NA 24.6 .2 1.2 NA 05 501 95
O Cat-0 NA 36.4 1.3 NA 24.0 1.2 0.6 NA [N 481 94.2
7 Cat-7 NA 34.8 10.9 NA 243 0.6 P2 NA 1.2 204 937
8 Cat-8 NA 6.3 7.8 NA 16 .8 - 30 NA NA 580 5.4
9 (at-9 NA a4 4 203 NA 10.2 X i2 NA NA R41 95%.a6
10 Cat-i0 NA 12 NA 12.5 30.2 36 2.7 NA NA 491 95.%
i ! Cat-14 H-ALMCM-41 (6)  NA NA NA NA 9.8 NA NA NA NA 79.5
2 Cat-12 NA 21.9 8.2 NA 333 i6.5 NA NA NA NA B2
3 Cat-13  H-Beta(6) NA NA  NA NA 3.6 NA  NA  NA NA K5
r'y Cat- 14 H-Mardenite {6} NA NA NA NA 3.0 NA NA NA NA - 683
s Cat-15 Si-MCMA1 (5.6) NA NA NA NA NA NA NA F.4 734 R
[ Cat-t0 Futed silica (6) 10.9 .1 HNA NA NA Na NA NA MNA 91.4
7* Cat-17 Fumed silica {12} 19 13.t NA NA NA NA NA NA 829 G0.5
8* Lowatit NA MNA NA A NA NA NA NA NA NA 92.1
Kil3i —

* Denotes Comparative Example.

The results show that zeolites functionalized with mercaptan (SH) groups and sulfonic
acid (SO,H) groups function as catalysts for the reaction of phenol and acetone to
form BPA. Moreover, the selectivities obtained with the functionalized zeolite
catalysts are superior to those obtained with zeolites that are not functionalized with

SH and SO;H groups. Further, the functionalized zeolite catalysts are superior to
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maintained at a temperature of about 75C. Then acetone was injected into
the vial via a gas-tight syringe so that it forms 4.5 weight percent of the

1 7@agtign mixture. The time at which acetone was added corresponded to
zero time, i.e., start of the reaction. The progress of the reaction was
monitored by gas chromatography (GC) by taking aliquots of the reaction
mixture at different time intervals. The reaction was allowed to proceed

zé@ﬁtap%b% hawyssBampioprepasaion oMeC analysisvet wariattsaied

follows. A sample weighjng about 50 milligrams was withdra n from each

7o RSN RS h S e Ry, B SRS OB ale ESATERS: By o°
swkaaiyl @wﬁkal@tmﬁ@taseahxgtaﬂﬁarﬁﬁwaﬁﬁ@fglm@hma&ﬁdaedﬁm@, Qd no
milliliter sample of this solution.was added 0.5 milliliter of a derivatizing
PGB EoRIEI A EUBE&WH ﬁ‘f\?lsnyl)acetamlde (BSA) or
bis(trimethylsilyl)trifluoroacetamde (BTSA). The derivatizing solution was
Wﬂrﬁ@ﬁnediby};mmm drB0beritliiterdrafed catd itrila; iR nnilljipersl chdvetona)ts, it is
n& %ndgﬁl il Iteorg ‘ﬂmzt%@ o %Tsésé‘tz-tgpse srﬁé\Hﬁm%ﬁ‘c%%aoﬁ Ylvia;n Féjcg?r 3 and
anay5|s with an experlmentaf:error i measurement of 0 wit
subotifigérsecahnes rosditsw sheaindep frbimgovadoatingy thowaistsined mseﬂesent
SSURNRL TRDIG PG IR ReE ERalEsloL ARRIGAN e heren
alytical procedures. Weight percent of ace ne was determine
drﬁ@ambnnaf thecsanipleeiinshysidsylamiHe hydroshieride, m/v&@lbyoutme
e QR&PJ&&‘? 'AB&%&E&&%E&%%Q@%&P ﬁﬁ%l&{tm{@ &R be within

r o para-BPA, phenol, and bisphenol impurities in a reaction mixture

ﬂ@aﬁﬁglé&ﬂér@@t@@@ﬁti@@t%t@ﬁ@ar@eﬁu@wm&%féllmag claims. All Patents
AR UraRY (HRLEC H@fgh expetimental error in measurement of
0.66% with a 99% confidence. he weight percent p, p-BPA selectivity
was expressed as the ratio of the measured weight of p, p-BPA divided
by the total weight of all components 26 124567-1 detected by the
measurement technique (GC or HPLC). The quantitative
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determination of water in samples was carried out using Karl Fischer
titration method. The results obtained from the various screening runs to
evaluate the zeolite compositions as catalysts are shown in Tables 1. -
Tablel.0sz-FLC'-'2cdCIVIS5CG --~C ¢c_<v<<CF-I-cOrc
_F-F-LcVn"Gu riV~t-cVC(-~'~t-Z,ncc ICalINA10.99.1
NA 16.6 4.1 NA12 NANA912 C21-2NA67.6 NA17.21.11.1 NANA
CLAg8%93 3 Cat-3 NA 8 10 NA 22.2 1.2 2.4 NA NA 449 96 4 Cat-4 NA 6.8
NA 7-2 18.4 0.8 0.8 NANA NA 956 5 Cat-5NA 36.411.3NA2461.21.2
NA 0.5501 95 6 Cat-6 NA 36.4 11.3NA24.6 1.20.6 NA 1.148194.2 7
Caf 7NA ARG ORAPACT 02601 NIDEOSHEMNIBIMPE Brt-BrNAUEIBUNBS of the
formWAe16 1.8 ' 3.6 NA NA 580 95.4 9 Cat-9 NA 444 203 NA 16.2 3.(" 1.2 NA
NA 841 95.6 10 Cat-10 NA 12 NA 12.530.2 3.6 2.7 NANA 491 9519 1
Cat-1l H-AI-MCM-41 (6) NA NA NA NA 9.8 NA NA NA NA 79.5 2 Cal-12
NA 21.98.2 NA;333 16.5 NA NA NA NA 82 3 Cat-13 H-13eta(6) NA NA
NA NA 3.6 NA NA NA 85-5 4' Catff4 H- Mordenlte(G) NAsNA NA NA

NA A A NA 68.3 S Cal- 58|M M-41 (5-()) N NANANA
NA14734 6~ Gal-16 F (6) 10.9 9. NA NA
'NAN a1?17 Fumed |I|ca (1 19 13.1 NA NA NA A NA NA

829 90.5 & 'QSwatlt NA NA NA NA N%\ NA NA NA NA NA 9% 1 K1131

; SR' SO’
o b
: S f
| .
M%TI\- g M\} )W {’T\‘O/T q}}"’o
g e Q O
¢ k and/or g §

wherein “B” and “C” are spacer groups comprising Cs to Cay hydrocarbyl groups, and R

and R? independently comprise an alkali metal, a hydrogen, or a C) to Cyg alky! group, and

- I . ) .
wherein M comprises a-Group 11 element selected from the group consisting.of boron,
aluminum, gallium, or combinations of the foregoing Group 111 elements: and M?
comprises a Group IV element selected from titanium, zirconium, or combinations of the

foregoing Group IV elements.
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* Denotes Comparative Example. The results show that zeolites
functionalized with mercaptan (SH) groups and sulfonic acid (SO3H)
groups function as catalysts for the reaction of phenol and acetone to
form BPA. Moreover, the selectivities obtained with the functionalized
zeolite catalysts are superior to those obtained with zeolites that are not
functionalized with SH and SO3H groups. Further, the functionalized
zeolite catalysts are superior to 27 124567-1 zeolites having only SH or
SOS3H groups. Other advantages of the functionalized zeolites include,

- AMPRFAIDRESLRAISRARE RIOTIRIRL 5 50U, minimal or no_ sweling
occurs during use, high mechanical strength, hydrothermal stability, and

n& pratiefitrsncamnphesotris teglinets Whiledthievischestrebigaditen
ded to be

combust 3adan cribed rtyripal gmbodimentsait is. not intendec
}ﬂér‘ﬁited to 4thegirjﬁ[(;l?aﬁlsr l‘gﬁg\%ﬁ?{ }éﬁﬁzz\%ﬁoﬁ%ﬁ%ﬁcgﬂg S g%sdﬁ LuBstitutiols

alkalpmietgl M aepnwitsrsrephetivganstinpwaydisinctersiict ofithecpresent

molyBiggiggure. As such, further modifications and equivalents of the
disclosure herein disclosed may occur to persons skilled in the art using
no more than routine experimentation, and all such modifications and

equivalents are believed to be within the spirit and scope of the disclosure
3. andgfined by dhgifllowing.claims. All Patents cited herein are.
incorporated fweréitr%by rgfe?(é%%gie g %H?fl RSP R R B RE Y
reactifi@@Soporous zeolite composition comprising structural units of the

formulae: 001 IR
at least one reactant selected from the group consisting of a fumed silica and an alkyl

o]

metalate comprising a tetraalkyl orthosilicate and at least one compound selected from the
group consisting of (R*0);M ' and {(R*0):M”; wherein R is independently at each
occurrence an alkyl aroup or an aryl group having from 1 to about 20 carbon atoms; “M'”
comprises a Group I1I element selected from the group consisting of boron, aluminum,
gallium, or combinations of the foregoing Group Il elements; and “M>” COMprises a
Group IV element selected from the group consisting of titanium, zirconium, or

combinations of the foregoing Group IV element,
a mercapto-functionalized alkoxysilane,

a sulyl sulfonic acid compound, and

a template compound; and

producing a zeolite composition comprising structural units of the formulae:
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',503RZ voo 00O o and/or wherein "B" and "C" are spacer groups
comprising C2 to C70 hydrocarbyl groups, and R, and R2 independently
comprise an alkali metal, a hydrogen, or a C, to C20 alkyl fn'oup, and
wherein M' comprises a Group 1l element selected from the group
consisting of borop, aluminum, gallium, or combinations of the foregoing
Group 1l elemgnfs; and M2 comprises a Group 1V elemer}ﬁselected from
titanium, zirconium, or combinations of the foregoing Grgup IV elements.
29 2. The/funcijon: Iizeglﬁmesopor us zeplite com ‘s(gtjgjgi_gj Claim 1,
further opaptiding Stractural units{d€rived from a heteropolyacid
compound of the formula: (M3)3(M4)(M5)12040, wherein M3 comprises
hydrogen or ag alkali metal, M4 comprises phosphorus br sjlicon, and M5
comprises tungsten or molybdenum. 35A method of mal??ﬁ%; a
funetionalized zeolite composition, comprising: reacting: at least one
reactant selected from the group consisting of a fumed silica and an alkyl
meta RS Al prsin g fhe feimt orthosilicate and at least one compound
selected from the group consisting of (R40)3M' and (R40)4M2; wherein
R4 is independently at each occurrence an alkyl aroup or an aryl group
having from | ta’about 20 carbon atoms; "M" Scomprises a Group lI
element selegted from the,group consisting, of boron, aluminum, gallium,
or combinati n;of the fprégothg Group I el lments;grzl "M2" comprises
a Group IV glenentSelecfed from the gridlip jconsisting @t titanium,
zirconium, or €ombinatioys of the foregoin Sroup IV etement,
(.) P
or 2 5 :

: 5 ey [{¥atl] .. - N
wherein “B” and “C” are spacer groups comprising C; to Cyg hydrocarbyl groups; and R

2. .
and R independently comprise an alkali metal, a hydrogen, or a Cy to Cy alkyl group.

4. The method of Claim 3, wherein said silyl sulfonic acid compound 1s of the

formula:
R’ 038 —C—Si(OR,(RY)1.,,

~ _)' (13 ol - g e . = 7 -
wherein “n” is an integer from 1 to 3; R comprises hydrogen and alkyl groups; and R®

comprises alkyl groups or alkoxy groups.
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a mercapto-functionalized alkoxysilane, a silyl sulfonic acid compound,
and a template compound; and producing a zeolite composition
comprising structural units of the formulae: 30 0ssSf~10~-0OSio-lo
S1ti SR'SO,R'. and structural units of the formulae 0O 0 ONS5IM 00
or wherein "B" and "C" are spacer groups comprising Cz to Czo
hydrocarbyl groups; and Rl and R2 independently comprise an alkali
- metalyahydrogeniena Crindiatualiod gigHR 4othe method of Gl B, cinod
ComWhereln said silyl sulfonic acid compound is of the “formula:
6??8--Si(OR"),(R8)3_,,, wherein "n" is an integer from | to 3; R7
comprises hydrogen and alky| grqups; and.R8 comprises alkyl groups or
alkoxy gr%ﬁ g‘%‘"@?‘% %I}rﬂjethg %‘ﬁﬁ’%‘(ﬂ?ﬁ Snidensinizslssediffem the group
conse%mg)géﬁu‘gmd/\rmmmnéaé@ a‘ﬂ@ﬂhﬁdta(-‘zﬁmlﬂﬂﬁﬁgl?[ﬁggtﬂgg@mg%mc?te’ and
first EATROKNA, af:least one %rst reactant selected from the group consisting
of furrl?ed Si |86110§r‘1§ laer(? al IR @6%& Tﬁbiﬁt?é??ﬁgiﬂgﬂ@f%é‘i‘ricate,
and a_first mercapto-functionalized alkoxysilane to form a first
int&PILdRste T E Sxi s Dand s viritermeidieineotot withiana second
intenoxitlizingragent 4aform a second

ih

reacting second intermediate product with a second mercapto-functionalized

alkoxysilane to produce a functionalized zeolite composition comprising structural units of

the formulae:

[9%
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c , SRl , and SO;RZ ;

wherein “B” and “C” are spacer groups comprising Cy—Cy hydrocarbyl groups; and R and
7. . . .
R* mmdependently of cach other comprise alkali metal, hydrogen, or alkyl groups.

6. A method of making a heteropolyacid-functionalized zeolite composition, said

method comprising:

reacting in a solvent a template compound, at least one first reactant selected from the

group consisting of fumed silica and an alkyl metalate COMPprising a
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intermediate product; and reacting second intermediate product with a
second mercapto-funetionalized alkoxysilane to produce a functionalized
zeolite composition comprising structural units of the formulae:s oss 0
Ow.~BSIO-0~o0toBC SRS and so,R~ wherein "B" and "C" are
spacer groups comprising C2-C20 hydrocarbyl groups; and R'and R’

independently of each other comprise alkali metal, hydrogen, or alkyl
acid-functionalized zeolite

, . 6,.A method of making a hetergpoly;
et S b B RG HoACl A bSOl acimplendis
intermgshapopmdpat least one first reactant selected from the group consisting
of fumed silica and an alkyl metalate comprising a 32
oxididelrallnfestiasiifaleapbadicl merantariinstonalized alkoxysilane to
. form a first intermediate product; oxidizing said ?ﬁ’st intermediate product
inten '?i‘\’?tﬁrﬁ"‘é’ﬁ%‘fiiﬁ@dagent to form a second intermediate product; and
_reacting the second intermediate product with a second
reacting éie aptorflidtonadizedpailoxy silane dectormaibipddnmaonediatedaroduct;
. r j id third intermediate. product with a heteropolyacid
alROXygg%&%ﬁﬁoﬁﬁ%ﬁ'&%ﬁ%@%& 6%%'%&8(5unetionalized zeolite

reactinSQTIRQ itic?n comprising structural units of the formulae:
cacting sai third intermediate product with a heteropolyacid compound to produce the

heteropolyacid-functionalized zeolite composition comprising structural units of the

formulae:
$
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whe T HEpeE H¥att) . .
herein “B” and “C” are spacer groups comprising Co-Co hydrocarbyl groups; and R and

2.
R mdependently of each other comprise alkali metal, hydrogen, or alkyl groups.

7. The method of any of Claims 5, or 6, wherein the alkyl metalate further
comprises at least one compound selected from the group consisting of (R*0);M' and
(R4O)4M2; wherein R* is independently at each occurrence an alkyl group or an aryl group
having from 1 to about 20 carbon atoms; “M"” comprises a Group H1 element selected
from the group consisting of boron, aluminum, gallium, or combinations of the foregoing

Group III elements; and “M*” comprises a Group IV element selected
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Oss -)-"-i. O SR/s0o'R? wherein "B" and "C" are spacer groups

comprising C2-C20hydrocarbyl groups; and Rr and R2 independently of

each other comprise alkali metal, hydrogen, or alkyl groups 7. The method

of any of Claims 5, or 6, wherein the alkyl metalate further comprises at

least one compound selected from the group consisting of (R 4 0)3M, and

a a (R0)4 M; wherein R4 is independently at each occurrence an alkyl
frogrdup EUSE anyligiop o f iavingfTomcbigal ost &Qrﬁﬁfﬁ%&%t%mienm;égoing Group
v ComRHSes @ G)rr%HBCI]I.%I}%m nt selerﬁit_e_d f(qm_the group consistin of B

boron, alumintim. gailiuns, SFESIABHAGRONE S e $orRBRTHP G idT comprising
strusfaaénts{ et aomprises a Group IV element selected 33 from the

group consisting of titanium, zirconium, or combinations of the foregoing

Group IV element, to produce the functionalized zeolite composition

further comprising structural units of the formulae: C O O {o | rv'tOM ~~n

fi0i-1) OO zz gﬂ 8. The method of any of Clagims 3, g or 6, wherein

said first mercapte- functionalized alkoxysilane gnd sai¢, second

mercapto-funcfiohalized al xysilane are indegendently selected from the
group repre gd\by;hsfb mula, R1S-B-Sj(OKs)"(R %herein "n"is

an integer having vatties ’@5 m | to about 3; ¢oﬁ1@ri§?s drogen or
alkyl 3 0 o
¢ or s 8
8. The method of any of Claims 3. 5, or 6, wherein said first mercapto:

functionalized alkoxysilane and said second mercapto-functionalized alkoxysilane are
:ndependently selected fron; the group represented by the formula, RfS—B—Si(ORS)n(RG)},n’

LTS

wherein “n” is an integer having values from 1 to about 3; R’ comprises hydrogen or alky!

groups; and R® comprises alkyl groups or alkoxy groups.

9. A method of producing an aromatic bisphenol, wherein said method
- COMPIISes reacting a carbonyl compound with an aromatic hydroxy compound in the
presence of a functionalized zeolite composition as catalyst; wherein said functionalized

zcolite composition comprises structural units of the formulae:

5 .
ol e s
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5 L
, se' . and SOR”
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groups; and R6 comprises alkyl groups or alkoxy groups. 9. A method of
producing an aromatic hisphenol, wherein said method comprises
reacting a carbonyl compound with an aromatic hydroxy compound in the
presence of a functionalized zeolite composition as catalyst; wherein said
functionalized zeolite composition comprises structural units of the
formulae: (> Sc il~O0--1-)-S,i+ 1Si SRI, and SU,R2 34 wherein
"B" and "C" are spacer groups comprising C2 to C20 hydrocarbyl groups;

whergiy 1R and 2 independentycoapijsean alkal @%W%Bxﬁiﬁgﬁﬂuﬁ& afg R
roducing a polycarbonate, the method

and RIYLgroup. 10. A method of p
comp 's#ge?ég&?ﬁngp 2 S%glr’b%}?‘éllfe“b% FrESFRARHY ArorHad @Ephenol
prepared in accordance with the method of Claim 9. 35
IOFUfN%TILQ ZED EO(I}.ITE COMPOSITIONS AND METHODS FOR
THEIR%%@%R&?@WA@W@@HW%%A BiedRdetP RETEHNgracacting a
Cai'b%mitgmmposiﬁbrtﬁecammgmgisﬁh&ﬁ&r@k@}m;_ggpfﬂ%cmgmw@%it[p{ﬁlg method
of Ci¥YRerein "B" and "C" are spacer groups comprising Clerr] to Clerr]
hydrocarbyl groups; and R[err] and R[err] independently of each other
comprise alkali metal, hydrogen, or Clerr] to C[err] alkyl groups. The
zeolite compositions further comprise structural units
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derived from a heteropolyacid compound of the formula:
INHetDerri(M[err])(M\[err])[err]O[err]; where M[err] comprises hydrogen

or an alkali metal; M[err] comprises phosphorus or silicon, and Mlerr]
comprises tungsten or molybdenum. Methods for preparing these zeolite
compositions are also disclosed. 'The zeolite compositions are useful as
catalystd’fR (PrEdiainty BISERROOISE COMPOSITIONS AND METHODS FOR

THEIR PREPARATION AND USE

ABSTRACT

Disclosed herein are zeolite compositions comprising structural units of the

formulae:
.
r‘j\J 5\3‘- fj‘l’
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wherein “B” and “C” are spacer groups comprising C, to Cyy hydrocarbyl
groups; and R’ and R’ independently of each other commprise atkali metal, hydrogen,
or €y to Cyy atkyl groups. The zeolite compositions further comprise structural units
dertved from a heteropolyacid compound of the formula: (M°);(M*)(M°)1,040; where
M comprises hydrogen or an alkali metal; M* comprises phosphorus or silicon, and
M? comprises tungsten or molybdenum. Methods for preparing these zeolite
compositions are also disclosed. The zeolite composttions are useful as catalysts for

producing bisphenols.



