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l'ithi um phosphate catal ysts that have increased
activity for the isonerization of al kylene oxide to
allylic al cohol. BACKGROUND OF THE | NVENTI ON Lit hi um
phosphat e catal yst has been comercially used for the

i soner i zaPREPARAPION®FENEHN (RHOSPEATEICAT "oreis The
catal yst was first disclosed in U S. Pat. No.
2,426, 264. The catal yst preparation invol ves

preci pitating a crudgglptdF rrEReENBOR from t he
m xture of an aqueous solution that contains phosphate

i ons and an aqueous .sol ut.jon that nta| sI| ium .
| one. e Brab o1 i ehesefA Sri Ragticularly,

amsk tHveRflort FolAtes M Gigtidh )b"nbsﬂwd%btalwé hﬁﬂf’naﬁ/@ﬁncreased activity
nproving |ithium phaosphate cat k@ are known. For

e;@(ﬁbeésonugergau%pfalmenezmg@%too-glgllt:@ R8s the use of

addi tional alkali netal hydroxides such as sodi um

hydr oxi de and potassi um hydroxide_durin

th
preci pi tation of BAGKBH 9bhHdk IN \&EN%@I&E t he

function of the additional alkali netals in the

LT thi umyRNes AiHYsBhAat @hiahjst | RadObedn eéémmtehﬁalryembﬂa%r the
catal yst has 1 nproved activity and selectivity faor

th
aum@m@n@& ofierapylene oxiggtte GHYI aigahpl. The gAialvshias Bt isclosed
I Bl desfigzdr AN ThBL &RAR &Eﬁar“a%n tirh)%lves precipitating a

nanu ‘acturé of ut anedi o See
6, A&l ABIM phosshale sffonb%@nnlmuaeésarhgw%@é@l%@néhat contains

Fﬁ)?lolgéli%te léﬁgcéﬁ Pﬁlaqggé\g%?cfluﬁd?\ e 8@5%@% iliMdYsd " Yrhe crude

ance, I'S use |ng
styye@pitatalid en aﬂasbhd; Wwith oyadénanek drigcstedon) satalyat powdsr-
5,444,141) and hydroxyl acrylic resins (see U S. Pat.

;o RS R, bRy BEEBERA (AR RER8, LR looun. o
i reckastpley. UISdeRatl Wo. m&%&ﬁmemm dJSI@avfeadtﬁ’@(PF@ﬁi@Bh metal
a%tyldlychwes udh ()a%ugtt)dl r]nt Kydroxnde and potassium hydroxide during the
precipitation of lithium phosphate. Although the function of the additional alkali
metals in the lithium phosphate catalyst is not clear, the resuitant catalyst has

improved activity and selectivity for the alkylene oxide isomerization.

Allyl alcohol has been commercially used as an intermediate for the
manufacture of 1,4-butanediol. See U.S. Pat. No. 6,426,437. It has also been
increasingly used as a hydroxyl functional monomer in the polymer industry. For
instance, allyl alcohol is used for making styrene-allyl alcohol copolymers (see
U.S. Pat. No. 5,444,141) and hydroxyl acrylic resins (see U.S. Pat. No.
5,475,073).

It is apparent that improving the lithium phosphate catalyst is important to
the industry. Ideally, the catalyst would have increased activity or productivity

but would not incur increased cost.
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first aqueous solution which contains |ithium and

cont ai ns. phosphat e SRS At TNV WERLI DI tate i s

then isolated fromthe m xture, and washed and dri ed
t o f or Whéiimvention phaspbthiod foatrakigt lithilihre poegdiayes tatalysts. The

actstod JOhMERe Mibagt iah. ol ol o AEEaREEm and

t Redivar rcﬂ%peﬁdlmgead)ﬁw bygealsceblotion BhIeN té&Mains phosphate and
Dﬁ\%CRI PTI ON OF TH I\I\/Etngl ON Thg net hod af  t he

ERIB 1078 c SnpracRiiatenisdhRg 1splate sfforggu%augtug%ﬁm Washed and
Waikied 18Ol MAiu tdhbsbnaa@dzamehturrrh@mﬁtamﬂ Wh&,ﬁcﬁcﬂdalns both

agqueous sol yti on whi ch contains

" BREon TG SPiin, HONETRATS SSEIS DS SHERgricn e alkylene

d'o%%l‘é't&'tﬁ@cbr‘ﬂe%h@fn aau{,nctdm:amlconpound and a sodi um
conpound. Distil is preferred. Preferably,

the lithiumion concentratlon is within the range of

about 1.0 M toepRpYH I§E§CMPW@I\?OPWQ-§I§N\¢EMTIGWG

[ithiumion concentration is within the range of about
1.5 Mto about 3.0 M. Preferably, the sodiumio
concentlhatmetofsofuine HNYPiRR GogmjEes Mixhg A f'fﬁtE?‘WIePBS solution

aRHith CotaMs IMRUR Qﬁcﬁg&ﬁlé‘m ¥ns thE aSQQMHH éguréol\tjlstsolutlon which

concentration is wthin t erangeaout 0 0]
ab;ontalrl.s phogphgts anthberate igmisum Tmist salstiomis prgéerably fsepared

éﬂséacf \ﬂng% W%‘Jt 4 T ‘él’ﬂ)% ecromdghﬁél &rfdbh Yodiulif cbr‘nﬁehﬁ’c;“ Distilled

oun cte romth group consi st
| Meheumpmfdrrem ﬁ’eeferabdm thentithiumy lane:oncerttmtlgml%wéhlatﬂee range of

an e L|

pa??’?ﬂtﬁl aMeESP %?eﬁ(ter' ed. %Iﬁe%@%@ﬁhgﬁ%aﬂqo‘aﬂ& o,n C%\'?t[atlon s

Ofwmmﬁ'rthmangmoﬁadsuta’r 6 Matbeabad| b IN: d?rdfetraluls, the sodium ion

swtableforth in_the Lnventiop.,,Preferabl he

s&&’f’ﬁ‘?ﬁ‘%%‘r?ﬁol?n E‘%é?'&?t é’b 3 Oblﬁ'n c?ﬁeMgFOOL?% P20 1" more

C%@ﬂeﬁdblwgth@fs@mﬂh uem hpdeentiation is adthirmthe range about 0.75 M to
about 1.5 M.

Suitable lithium compounds include those which are soluble in water.
Preferably, the lithium compounds are selected from the group consisting of
lithium hydroxide, lithium nitrate, lithium acetate, and mixtures thereof. Lithium

hydroxide is particularly preferred.

Unlike lithium compounds, all of sodium compounds are water soluble
and thus suitable for the use in the invention. Preferably, the sodium
compounds are selected from the group consisting of sodium hydroxide, sodium
nitrate, sodium acetate, sodium carbonate, and mixtures thereof. Sodium

hydroxide and its hydrates are particularly preferred.

The second solution is preferably prepared by dissolving in water a
phosphate compound and a borate compound. Distilled water is preferred.
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preferably prepared by dissolving in water a phosphate
conmpound and a borate conﬁound

R AGly, PPchoraRtS lof pERsHAaIS wth s i plfhaus 0.5 M

| % Whbilt Nsthpe MaBIRefbaARAé pRoSpHdté wrabendentrafiorMs within the
Mor e pref erabl hosphate ion concentration i

. th _ .
wrangenot oo\t o akBBL -OoMls Siitalle A9SPNae PaRpounds include
g'}ﬁcts%lb\;vﬁi.cﬂ@é pé%%b?epwm%%ndﬁréfé}@bw%é BASEHHAE CBmpbands are

€ I'n water referably, the phosphate conpounds .
aselesteidedtad fthengroe (opsiplintnal stadign ofPhasrNales. Ppotassium

ph : L ixt 40 LRI 3hBSphates
aﬁ)ﬁg%}%&%ﬁ@ﬁ%@?@oﬁe%ﬁgﬁégrﬁ%‘gﬁﬁgp at esrand t hel r% phate
hpdd dheishydratepare pedicalally praferfes.r ed. Preferably, the
borate ion concentration is within the range of about

0.5 M Pefgt%w, tHe EoHXLe MRIcBnErR86RR Withih M ROIGBLE absit 0.5 M
ratl o IS Wt

concen In the range of about 1.0 Mto
attoabodt. D5 M. Hore pisferablyr thedosdmiuerncenialieniie Witgsie range

mh'%gﬁﬁg Oyg)u%q%tbrbw{ater. Preferably, the borate
c e

eCted fromthe group consisting of
boric acid, sodium borates, potassium borates, .
anmmoni Guitahle sv@steanemppunds: sludretnese . WiBgh iake fojuple in water.

sqdi um bor at e ' F i C | -
PP 5 o8R0 bl d S BpoBicaR et it of
s @ovitiaeits sediemhisaates, peasHUMterates| aigmoniinaborates and mixtures

SR E B A4 BB e W52 o b

tenmperature within the range of about 60C to about )
80OC. Tireeferatily)gpatls the rfifsiransdther efeendmajutiging rare difaded, prior to

stirring. t._can per.f.or ' t@p 0
2RI al R R E i R G R e, were
senenkisp| theisohgiohs aneheatettto @alemeratbier wiihiy, the iange of about
mol gr ratio qf  Lithiumion/phosphate j )N ki
e e, TP IR P LS ap i
M B Sérfdratelilin atrbgctopr anyi stitablettontditeesr ange of

about 2/1 to about 4/1 .

The ratio of the first and the second solutions is not critical. Preferably,
the molar ratio of lithium ion/phosphate ion in the mixture is within the range of
about 1/1 to about 6/1. More preferably, the ratio is within the range of about
2/1 to about 4/1.

Upon mixing, a crude lithium phosphate precipitates. The precipitate is
then isolated and is washed with water. Washing is important. | have found that
while the crude lithium phosphate has little catalytic activity in the isomerization
of alkylene oxides, over-washed catalyst has diminished activity. Preferably,
washing is so controlled that the washed lithium phosphate contains desirable

amounts of sodium and boron.
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crude lithium phosphate has I ittle catalytic activi ty
in the |sorrer| zatjon of al kyl ene oxi des, over wash
cat al ysthenR¥erfion ickirgs the ithiyn yhopplate caklyst Lwagmqsigby the

| $netfod @Mr{eoink/sm.drh athé féﬁta%? Red ahi IB%H%@BQMW&I&! selectivity
cont ai ns desirabl e anbunts "of sodi um and bor on.

i frelie GAMericatine 8T eftelenpt oxidas. pﬁ@@pﬁﬁ@'@s%ﬂﬁ%’!@ﬂbou’f 20-30%
prh %F%@tl\hg/ ihﬁﬁg@&ﬁ@ﬁza%n td?garb;ﬂ)f&{g b¥Be tg rb‘ﬂ}llcéﬂcé‘il\éfstﬁan the

an I ncreased activit selectivit
i satadyst watqhmntamanmldoewre blxip dr@@slamemtoaa alopdicaghenst savings

a%ﬂHtp{goQJcﬁ\gy Hbl%?gé ofﬁ? c‘()\‘ffr}{elj EII fsgﬁ]eré e ﬂgé?é%s%@ of

propyl ene o Vst
whi ch contains no boron. This translates into a

si gni f Peaferablyodhe dithivmgehashbiatsr ofditiet inventipni pentelas dram about
t I &lo 0
L e QP kL o .8 wi.
abﬁlbordm OBreA‘embtyo theb dithium. phosphate catatysé focentatinsy fromoabout 0.01

e R S RO s s o

OsGdJum%to about 1 w% nore preferably from about
0.02 wt%to about 0.8 w % of sodium Preferably, the

lithi U%‘?ﬁ%ﬁ@? Iltﬁﬁlwwﬁépgg%éiﬁ?lgg{ Y % b&%ﬁlﬂhlﬁm flolar ratio

ratio e ange'o
pméthizr el sanget dfi O. Oﬂmdoramglé 0d35, abonet p@f@@ﬁlytmtfﬂn (Be range of

235a (065" BrFbRars Myest el MR Rl PG ot et ko to
habsoat 80di uPréfetdbiy ntheltwomr phosphete batalyishéas asn gedivin/lithium
¢ FParae Wihirofisanos ohaseit GG B dha Ry ang indib erably

| REthindes rame oe00d td dvoutatoal yst in the isomerization.
f al kyl ene OXIdeS into correspondlng aIIyllc al cohol s.

More p thuI at usef
somer T BSITBRCRT HspdRy B Rae T REJE! Bl EBiuezation of
| afplEhenexiass datd Rbfrespirtiald wllylrl afbabls. haverel purdularly, the
that the catal yst of the
catalyst is useful for the isomerization of propylene oxide to allyl alcohol or
isobutene oxide into methallyl alcohol. | have found that the catalyst of the
invention gives not only high catalytic activity but also maintains high selectivity

for the isomerization of propylene oxide to allyl aicohol.

Isomerization processes are known, which include slurry and gas phase
(also called vapor phase) processes. For instance, U.S. Pat. Nos. 2,426,264,
2,986,585, 3,044,850, 3,090,815, 3,090,816, 3,092,668, 3,209,037, 3,238,264,
3,274,121, and 4,342,666 teach slurry phase isomerization, and U.S. Pat. Nos.
4,065,510, 4,720,598, 5,262,371, 5,292,974, 5,455,215, and 5,600,033 teach

gas phase isomerization.
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processes are known, which include slurry and gas

phase ( o] 0 e : o

et ance gy @ Rep o QRBkiof ISRl 8 %3 Buil Bhase isomeization

3, oEpr@yEne3pkide, &b ittyrogthBpbate3cAaRsH B3 suSerdR@d0B7a high-

3, and 2, 666. teach sl ur

phii‘@’e%%g%?" fit 135 Vapaf, oPiane Sigs FaRSeRifaigh the catalyst
4, gRdy %&rnﬁa%ﬁ%l@hbl h5‘h8€ii‘or9y7éhe 5xréé%02\§&sroaﬂ§1 ureually used to

ase onmeri zation urr se

ISR R M RS T

i sonerization of propylene oxi de, the I|th|um

phosphate catal yst is suspended in a hightenperature

Che 2‘2?@;6&%&;2?;%' vt SpaRe %Fﬁy%’*‘éaﬂdcie&ﬁaﬁ: e t“g;’lug“
I |
propyl e nversrrg_.;gn IS usugecfytéauee to eval uate

the activity or efficie yst which is
cal cul ated by Propyl ene oxi de reacted, wt Conversion
(% = Ropeydlaive wectiend exdnpete \n%vtbeailesisédjisorr@anzaﬁmnﬂieadmg to

F ol R Aoy Pue R B MG BAE D cF Gara - obanol and
acartrolem 'Selﬁ‘foﬂprﬂn@ﬂ all&hdlcd@dl ddreiation Sehiels imedstisesothe @lukiyf of ally!

al coho es the purity of allyl
al %'8&6‘?' bs@rf%.sep B%'P 4t FS’H“'a%th&’al cul ated by Allyl
al cohol produced, wt Selectivity (% = Propylene

oxi de reacted, w Preferably, the isomerization of

?LS"?QE%; %tééﬂﬁ od B FEFBBAEERE “\org o0

pref er §¢ sone zatlont r |s W|t0h|n

t he range of about 24d5 &p¥'8 %B’Sg‘? gedé ?HI gh

i sonerization tenperature induces high catalyst

act i vi tRrefarilpyv érg isomerization of propylene oxide is performed at a

temperature within the range of about 200°C to about 300°C. More preferably,
the isomerization temperature is within the range of about 240°C to about
280°C. High isomerization temperature induces high catalyst activity. However,
high temperature also decreases allyl alcohol selectivity. | have found that the
catalyst of the invention maintains high activity at a relatively low isomerization
temperature and therefore increases allyl alcohol selectivity without sacrificing

the productivity.

The following examples further illustrate the invention. Examples 1 and
2 illustrate the preparation of the lithium phosphate catalysts that contain both
sodium and boron. These catalysts give increased conversion of the
isomerization of propylene oxide to allyl alcohol. In comparison, the catalysts in
Comparative Examples 3 and 4, which do not contain either boron or sodium,

show low propylene oxide conversion.
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i sonerization tenperature and therefore increases

al |yl sel [ Vi '

o oot PERPOE ERAL e 14 BOMERR L PRk boron o 2
il pQﬂaswlan@ohtfmih@u&intysbdloes[:‘mﬂmﬂreaselthemétazystIalctmtyr dample 7

NGRS B e B RR R, SBL SRty o

glrekatweigt nmmnmuem %mi?erefuré h\mnesmiﬁranmag high ;ﬁrbﬁylene oxide
r%pyll ene oxide to 6 ?ﬂ%ngan son,

cet Al yStE i a'?f&n’p%Hr%@“P L % eé@""?s d ﬂouﬁf\ﬁﬁf%'ﬁstao

not contain either boron or sodium show | ow propyl ene

oxi de cExanmiesd emmmamahbwetiﬁxa?mahﬁﬁeéi 180D 6hdwrthbesffect of
w_t hat, ad oron ont [

o EtoY B, SAQURS poRdeRtalidhs™ P IS S 3ol Edtavsts on the
Emnmya attivityowrl dllypalcoihe seleb@lityst of the invention

gi ves increased allyl alcohol selectivity at

relatively | ow i orrerl at on .t erat

ol ot nifee A BR(E et AR TRRVHPE: Sos§ skiled in the art

SwﬁW&&bdg?ﬁzd heargi {driitions aisatodrevaithinUbe il ySte invention and
890%7 and Conparative Exanples 18-19 show t he

efSIC@ ?ngh 7B and sodi um concentrations in the

l'ithium phosphate catal ysts on the catalyst activity

and al lyl al cohol selectivitEXAVWPEEe exanpl es nerely

illustrate the invention. Those skilled in the art

opi ri 1o rE BB Satdli e U8 pBE et bl B
EXAMPLE 1 Lithium Phosphate Catal yst Containing both

SdehtalystitrepBm@mtion Cat al yst Preparation n a first fl ask,
43.5 g of sodi um phosphate dodecahydrate and 13 g of

b;)r I7CO . aﬁflrgtr gaesgébngcé p kéoafé‘?ghgépl’%ﬁ(? %ﬁéééﬂyﬁ%&é‘%ﬁrm g of
hyadriatesid aieGHs$dlyedaind120 Bl gf dlStllimldwaﬂler lay dDYXi ﬁea second flask,
15.8 g of lithium hydroxide hydrate (LIOH.H;O) and 4.6 g of sodium hydroxide
are dissolved in 125 ml of distilled water at 70°C. The solution in the first flask is
then added to the second flask with rapid stirring for about 10 minutes at 70°C.
A white precipitate of crude lithium phosphate is collected by filtration. The
filtrate cake is broken down manually and stirred with 1.6 liters of distilled water
in a 2 liter flask at 85-90°C for 1.5 hours. The white powder is collected by
filtration, and then dried overnight in a vacuum oven at 130°C. The resultant

catalyst contains about 0.1-0.3 wt % of sodium and 0.3-0.5 wt % of boron.

Isomerization of Propylene Oxide

The isomerization is performed in a glass reactor. The bottom of the
reactor is a glass tube which has 1.5” ID and 7” in height. The glass tube is
connected to a 250 cc round flask. The flask is fitted with a condenser which is

connected to a 250 cc receiving flask. The receiving flask is kept at a



are dissolved in 125 nm of distilled water at 70C. The
solution in the first flask is then added to the

weoeeosrndodl ask with rapid stirring for about 10PaTmISRm@®E/036427
at 70C. A white precipitate of crude lithium phosphate

by (ERRENE L] aribBbr, °The BO8orh diddsh e 1 birgps ft for the
di eniranaedofithe @ropylere oxidé weichfis itodate@FosaICISODO unkp. The

ho ' ' ol by fil tion
b, ARG HAE SoBRIF Shrk X7, 0N B vsid & FAdTRI™ 65 heat
Thggma‘euﬂlﬂdgprgdac?f)&ilutmohtaka))b i$cmm>eul info ﬁt}e(glé?sS/\ﬁub% ®fropylene
. . .3-0.5 w % of. boron. |saonerizatjo s

s pr BUHF U8 eRritad 18 besliealing 2bRE;prict el Epnanl wih e tithium
gl gﬁ@sph_etnr:]titmyst}' hquorgatmga igfpeﬁ'f@ﬂﬂé@aﬁltzmc’_(rjhﬁy @cl)rﬁinasﬁsl feeding
t ube i C s 15" "1 n hei . e ass tube
| SPRBIREE IS f 47238 67 2 Cr dgh 10U 5 SR PleRAR BREticaly Collected
fi émcbnwzbdabfomdefwemembﬂo@mehé i eInQrsidh andSheCproduct
receiving fl.ask. The receliving flask is kept at

at BRIBEVAY ur & NSF PHRBYIENS rONASNEPTVETHRN i3 (WiHIN Hicatahde #fed3.5% to

10 hagg aoporiRaigI Bidohbi¥elddhtityS8 Wi Phndd8f 3 PAML 2R %.
oxi de which i's introduced froman |SCO punp. The

[ithium phosphate catalyst slurry (7 g of catalyst in

65 g of Therm nol (tn)-55 hl?)’(‘%M jgnsfer fluid (product
of Solutia, Inc.)) is charge ﬁ}to t he gl ass tube.

Pr opy| enbititixindzhasphetedeatalysidContaiaingrhsie Sodivgn athBoron
prior to its contact with the Ilithium phosphate

cat al ysfpe g&%réﬁ@ﬁﬁé&ﬂeiﬁ E~|9<§an = Wréﬂea%@eﬁe@yin th Cgirst flask,
conti nuously feeding propy eng oxide at a rate of S

15 cc4brg i ugodimanmpiosphatecdgsiechbyriratel agd @61 § edft sdlivimdetraborate
an f ' ' :
SIS s Bl PTARRANBAON 5, SARSIEA A conain

cobver.8iwin% of wiodhim andel.Bdhgeviote 5B bBRGrt o Fbe28topilare oxide

o Ll ek B R A R B
Coistveithin thg rangd oS82iBU 03 Bor on The general procedure

of Exanple 1 is repeated except in the first flask,
20 43.5 g of sodi um phosphate dodecahydrate and 20 g of

sodi um tetraborat e deopPARATIVEE AMPEE® ved. The
resul tant |ithium phosphate catal yst contains

Lithium Phosphate Catalyst Containing Sodium but No Boron

The general procedure of Example 1 is repeated except in the first flask,
43.5 g of sodium phosphate dodecahydrate is dissolved in 150 ml of distilled
25 water but no borate is used. The propylene oxide conversion is within the range
of 41.0% to 43.8%. The allyl alcohol selectivity is within the range of 92.6% to
92.9%.
COMPARATIVE EXAMPLE 4

Lithium Phosphate Catalyst Containing Boron but No Sodium

30 The general procedure of Example 1 is repeated except in the first flask,
13.3 g of 85% phosphoric acid'and 10 g of boric acid are dissolved in 150 ml of



0.1-0.3 wt % of sodiumand 0.3-0.6 wt % of boron. The
propyl ene oxi de conversion is within the range of

wo420B3%920158. 7% and the allyl al cohol sel ecti vPCY/US2004/036427
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within the range of 92.8%to 93. 0% COVWPARATI VE

It h P e. &at al ai ni ng Spdi

bt e B R eI 1R EoLEr R R MSGhaR 468 mi of
r ﬁpieﬁlt]aﬂwetfgﬂ'heihmzmtwtﬂi_trﬂmg _;fHoslﬁkate@télyl/gocﬂmntQmSi043nwt % of

sphat odec rate i s dissolved. i 0
i 0P oIS XIS R HORes JalR therange gy ACehdo 23.6%.
oxThle alhyd aohs| seledtivitpistwithin theerange 69 f %dtolodd9mt 0
43.8% The allyl al cohol selectivity is within the
range of 92.6%to 92. 9% COVPARATI VEEXAMPLE4 Lithi um
Phosphat e Cat al yst Cont ai ni ng Boron but No Sodi um The

general procedure of CBKMRARATIVEI BXAMPEHRt®ed except in
the first flask, 13.3 g of 85% phosphoric acid and 10

ater: 1t B ferARCGHEs Corbalyl poEEs

di ssolved in 300 mM of \disti . The resultant
l'ithium phosphate cat all\%ls%dé%'lﬂfagid\r/}@rgﬁs wt % of boron.

The pr ' : e it hin .
0250 P S0 al e P ERAORIY © febhil 86 RIBe Bl sk
t hel-pahgb K 90d 11%h6 g FBEF8ahoemrnRAid/ErEXARIVE] 51 150 ml of

Li bR i nj t j

SRR AE BN k3 BnkEhack 16 8 b ORI R et 2bhr RBr are

r epesaleat! ext2pinliaf distibed matar. fTrestkesuldntSitiguiof pHéSphatedcatalyst

14 f % i cid.are dissolved in 150 m. . .

or cdp? ppBa G AErRan hofsSfine TleteianpRe bRl sBntprgopys witnin

éit@el—ﬂdln@a aofhB2% @hM.5%Oai|1ar£yldaialsslﬁd>lVﬁﬂedﬁimitylﬁﬁthml thef range of
istLlle er. The resultant [ithium phosphate

ca%](%’stp(%@o%ai ns about 0.1-0.2% of potassium The

propyl ene oxi de conversion is within the range of

42.2%to 44.5% and al |yl al cohol selectivity within
the range of EOMPARATVE EXAMPLE 6 ¥

Lithium Phosphate Catalyst Containing Potassium and
Boron but No Sodium

The general procedure of Comparative Example 4 is repeated except in
the second flask, 15.8 g of LiIOH.H,O and 6.4 g of KOH are dissolved in 125 ml
of distilled water. The resultant lithium phosphate catalyst contains 0.1 wt % of
potassium and 0.3 wt % of boron. The propylene oxide conversion is within the
range of 42.4% to 45.8% and allyl alcohol selectivity within the range of 92.4%
to 92.7%.



92. 7% to 92. 9% COVPARATI VE EXAMPLE 6 Lithium
Phosphat e Catal yst Contai ni ng Pot assi um and Boron but
wolaoBad920m The general procedure of Conparati veCEUS2@K@36427
4 is repeated except in the second flask, 15.8 g of
LiOHH Oand 6.4 g of KOH are dissolved in 125 m of
distilled water. The resul EEAMMALE hi um phosphat e
catal yst contains 0.1 w % of potassiumand 0.3 mt %
of jgemerizatibheat RoAITerBpSrafiké Weth ¢ @ANET Phédphate Bhtdnjsh Cohining
range of 42.4%to 45. 8% nd allyl alcohol selectivity
within the range of 92090y %'@Qa?/%EMPLE 7
| someri zation at Low Tenperature with Lithium
_FI_’EOSphaTﬁe ??am@rbyﬁlbcé‘mj‘rb?if ngxlamdllmﬂ flis fpdiaten Buﬁng@gdmerlzatlon is
e genera ure o anpl e i S repeate
 CBRRTIEL PLRBRE per o iRy SIS 984S COPYTERR bpifEhane range of
OXBI@YECRIVWEER 41y a@l Hobiol Relebsvityan@emn Bk rdRgdY 6D 6%2t04h%.
and allyl al cohol selectivity within the range of
593.6%to 94% EXAMPLES 8-17 and Conparative Exanpl es

on the Cat dPYANPKER & {9 amRer e VGO SLraLiPy: iy

The general procedure of Exanple 1 is repeated by
var yTHegEfféut of Borutt sndSodion Congehtratidrat an thedbatelyaicAdtivity and

['ithium hydroxi de and m . h x|.de or varying the

washi ng procedure to o%ﬁg'ﬁc?h%gﬁ%ﬁ* W¥osphat e

catal ysts having different anmounts of boron and

sodi um TﬁdﬁgsmrekméMesiﬁ@xahm ¢fid mpeatenf byt Yaarying the amounts

rations o nad m,and, t he,rat,i os
10 5oPbAPY T PUTRELAP: dORTCLAT Y EHI U O CHE PabRBR P rpide o
of vy Py then®ashihg prbeedilré b &témhmhlumﬂmolspl’déieUd,‘atalysts having
bor on and sodi um %oncent rations

e nmeasured
Rerat qratuyes 81 Dok it aPYITn, Sheva FRAMPIRS AaRehe effects of
2- #RBb&nckntrations of boron and sodium and the ratios of boron/lithium and

sodium/lithium on the isomerization of propylene oxide to allyl alcohol. The
15 lithium, boron and sodium concentrations are measured by element analysis.

The results are listed in Table 2.



Conparing Various Lithium Phosphate Catal ysts in the

| soneri zation of Propylene Oxide to Allyl

Al cohol

Ex.

wQ@av@lgs1 Cont ai ni ng Cont ai ni ng Cont ai ni ng Pr opgiraisen04/036427
| No. Boron Sodi um Pot assi um Oxi de
Selectivity Conversion 1 Lithium Yes Yes No 53.5%

Allyl

92. 7%

Al coho

Phosphate 59. 2% 93.0% 2 Lithium Yes Yes No

54 0% 92.8% Phosphate 58.¥48bB10% C3 Lithi um No Yes

Pari

5%

NS

5By CRRATEHE

N_o No Yes 42.2% 9fmwlenﬁ@m®élw%lsw@2 9% C6

spraf

6/0

"éa?gn ﬁ%e'—lbérﬂb#ﬂfﬁt%ﬁ%f
0.3% C5 Lith

rum

Li-thiramYes—No—Yes 424992 49% Phospitate 45896 927%
105 ABlG st Ef | 86dtaittlg BOERRinRRd | IRAEHAY CoRGeMnkat | AREABohol
g \
| lsureri zat i ohedroPr Opy| SaBmOXi deokxsiunS0 ¢l Oxite Selectivity
Sodi unt | it hi bm Bor on_Bor on/ i t/hi um Pr opybrvagion A Lyl
Al cohol * W % M| ar Ratid W % Mol ar Ratio| Oxide
Sel ety Chttver si on’® 0. 22 |0%%00374 0 ﬁ ?f’o 01592 7%-
50 29P6LBHE b 0 166 962716-34—0-0123 [ 57295921 TN 40
O 31 Q1AAp28| Q24 0. O1AG 55. 8%0\R3. 0% | 54.0%- 92.8%-
Phosphate 58.7% 93.0%
C3 | Lithium No Yes No 41.0%- 92.6%-
Phosphate 43.8% 92.9%
C4 | Lithium Yes No No 20.5%- 90.1%-
Phosphate 23.6% 90.3%
C5 | Lithium No No Yes 42.2%- 92.7%-
Phosphate 44.5% 92.9%
C6 | Lithium Yes No Yes 42 .4%- 92.4%-
Phosphate 45.8% 92.7%

10



11 0.06 0.001 02 0.59 0.021 2 55.0%92.4% 12 0.05
0. 00085 0.43 0.0155 54. 9% 92. 5% 13 0.08 0.001 36 0.29
w0 2005089248. 0% 92. 4% 14 0. 03 0. 00051 0. 20 0. 007RCHYSMH/036427
92. 1% 15 0.02 0.00034 0.32 0.01 15 48.1%92.0% 16
0.65 0.01 11 0.65 0.0236 48%6% 17 0.66 0.01 13
0.85 0.031 0 45.3%92.4% C1 . 0296 1.2 0.0444

20. 8% 90. 5% Cli¥dot 6f BofdABhdlSddidm Cotedtratiddhl. 1% *
Average value 1lclaim 1. A nethod CO@DI‘I si ng

precipitating a |i t?ﬁrﬁ‘ﬁﬁ'zﬁﬁ%ﬁﬁgf"@yﬁné 40y xt ure
MPTiSiNg @ firsSt agugous $ol ution cpntai ni ng| Iitnhi um
niek. SioEHdiunn | estiundlittuna SBEON | Baguiitiows $Bilopiflénen | Allyl  Alcohol*
ON¢.aji wti%g pMolsidtetie e andt “bor Alcler Refies, | Pxidd at i ngSaldetivity
ecipitatel and washihg ang drying thEOWFERIptate to |

bEm gy 3 Ll ppphosphat g,cat ghyst . 2. | 104, met h,oéﬁyda/l

a1 whetrerti the—fi STSOrutToIm TS| prepareu; o

§sol y¥igng | pow@ter a | behi Ugneenmpoundssek ect edofrpm
e group consisting of Tithiumhydrokxide, Tithium
trat®31 |it hPesad acet af ©54 and.0f86xt ur es53.8fer eof | 2¥ a

pdi um conpound sel ected from the group, consisti n4q of
"\m ||nQ @'ﬁ/ﬁlr )9\9%182 cnr~|| MIOTSQ"\I 1 pQ?l; onrh 5v0 Bt o A%

O‘Pﬂ u%‘&arbnﬁ%o% and 'q) 3Iurg§ng5her eof 54, g% The gg_agc,pod
ctarmr2—ywherer m the[ 1 tmumnm compound s {1 tarum

yely oxd.eke. 4o.odhe nmet hpoloof |claism 2 whes.ehn t hposodi um

bnpojund 1 s|{sodi um hydfroxi de. 5. The met hod of|claim 2

& ef 03 he| PPOGSI um conPdind 00872 i t hi UAF-B¥ dr ox| #e!’and

OSSO unMLLLSTAOAO PTTOLO

t n165 So(g(i)Zum :8.0 O%gnd 's gg | L‘mol’i]%dr ox| dg&‘l% 92.0%
16| 0.65 0.0111 0.65 0.0236 48.7% 92.6%
17 | 0.66 0.0113 0.85 0.0310 45.3% 92.4%
c18 | 1.7 0.0296 1.2 0.0444 20.8% 90.5%
Cc19 |17 0.0297 1.4 0.0520 12.5% 91.1%

* Average value
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6. The nethod of claim1l wherein the second sol ution
is prepared by dissolving in water a phosphate

woanpadyi sel ected fromthe group consisting oPCT@S200M1036427

5

15

20

25

30

phosphat es, potassi um phosphat es, ammoni um phosphat es,
angﬁl‘n xtures thereof and a borate conmpound sel ect ed
&MRe group consisting of boric acid, sodium

bon at esp rAehas sonmriRai@bRipita g Al mmuhorpab@a;at@rfﬁbm a mixture
m xtures thereof. 7. The nmet hod of Clhtgl m 6 vvherel n.the

phEYPRESIR0 @oliShaRreus SOINERN GARtBIUGLIRIE agd spddim ions and a

Mes&Qfhdohqg Lféo@brscﬁutmeémﬁnmb_erpmﬁbaét@ sIpord ibiss, h%lhﬁhg the
acid or a sodi um borate he net hod of claim®6

whefesipifaten &ng eashing and Q%&JW@ precipitalsdp R RJLRiHEY Bhosphate
ang%tgg,gt borate conpound is a sodium borate. 10. The

of claim 1l wherein the first and the second ]
soBut i ohke methaskeeft@aim piuherein Sendirgt spjutiangis prepared by dissolving

teFﬁWg%ruéﬁft%H%gmkﬁﬁn& g hm thd 8L§p (&onSISﬂ_ of lithium

erein the tenperat rei1s wt
t hbydraxide, lithius nirate, #IOM agdfate, Andi mitures rih@@pﬁané a sodium

oS ASing SRR AL W B boo P 3 RISERcENdoctun
sehm:alte \sgflléagf acetate, smc_?umroazlmﬂﬁatm aofl naiktaydetherepki de to
o ol Sl o S O ST UL horonce

canal ysThefmethat nofl Zlaim ¢h wiersiai the SodiomD.cbnmpoUntiois sodium
0. ﬁ y%of boron. 15. The catal yst of claim 12 which
YHPXEes rom 0. 01 W% to 1 w % of sodium 16. The

Catsal YSThé®methcdi &f d@ni\P inldreh® felithisint mﬁF&;rﬁﬁistmmmydroxide
0.8 wt % of sodium 17. The cgt al st of aim 12 which

hadné theosasiym iceRPgHNA $adiym d€hin the

6. The method of claim 1 wherein the second solution is prepared by
dissolving in water a phosphate compound selected from the group consisting of
sodium phosphates, potassium phosphates, ammonium phosphates, and
mixtures thereof and a borate compound selected from the group consisting of
boric acid, sodium borates, potassium borates, ammonium borates, and

mixtures thereof.

7. The method of claim 6 wherein the phosphate compound is a sodium
phosphate.
8. The method of claim 6 wherein the borate compound is boric acid or a

sodium borate.

9. The method of claim 6 wherein the phosphate compound is a sodium
phosphate and the borate compound is a sodium borate.

10.  The method of claim 1 wherein the first and the second solutions are
heated, prior to mixing, to a temperature within the range of 45°C to 95°C.

11.  The method of claim 10 wherein the temperature is within the range of
60°C to 80°C.
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range of 0.001 to 0.05. 18. The catal yst of claim12
whi ch has a boron/lithiumnolar ratio within the range

woRo@/a@d1to 0.03. 19. The catal yst of clai m 1PCnhiSedv4/036427

5

10

15

20

25

has a boron/lithiumnolar ratio within the range of

0.0Q7 t 02. 20. The cata t of cl.aim12. which has

o Bhi ik Pk pfiosmnds cABhRL Wil Fartaifie SramE S 0umE o boron
0. @A 3otiiund tdnhatce thBeaemystlagalityodndbalbdivit fvhae RoRsization
asdunillt_lalum | ar ratlo wi thin the range of 0.003

to° a'k!['.e“‘?ﬁ?" Bl PEBIREAIGCNRt i on process of propyl ene

oxhge tPhakhtalystbtaiial 12 Which@opaf®ersis 0003 wth kd MM of boron.
hosphat e catal yst which contains effectjive anpunts o

f
borbn ahe Sa@hshe! Jaym hwhish Geat@insdrorg Oah W% 50 (¥ wive pEboron.
PeREOr ek | YT 51 cIBARSIS: whith ddiRaiRE AR S0.01 BRI P4ut% of

which is perforned at a tenperature within the range
of SEBMC to 300 C. 25. The process of clai m22 which

. ¢ . T OCESS. ot )
'ngg.erzsgﬁég?ﬂ&@staof GAREN Ui Wbl FHR 6.89959R%0 4P wt% of

sodium.

17.  The catalyst of claim 12 which has a boron/lithium molar ratio within the
range of 0.001 to 0.05.

18.  The catalyst of claim 12 which has a boron/lithium molar ratio within the
range of 0.003 to 0.03.

19.  The catalyst of claim 12 which has a boron/lithium molar ratio within the
range of 0.007 to 0.02.

20. The catalyst of claim 12 which has a sodium/lithium molar ratio within the
range of 0.0002 to 0.02.

21.  The catalyst of claim 12 which has a sodium/lithium molar ratio within the
range of 0.003 to 0.01.

22. An isomerization process of propylene oxide to allyl alcohol in the
presence of a lithium phosphate catalyst which contains effective amounts of
boron and sodium.

23.  The process of claim 22 which is performed in slurry phase.

24.  The process of claim 22 which is performed at a temperature within the
range of 200°C to 300°C.

25. The process of claim 22 which is performed at a temperature within the
range of 240°C to 280°C.

13



