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PREPARATI ON OF LI THI UM PHOSPHATE CATALYSTS FIELD . OF
THE I NVENTION. 5 The invention relates to-lithium
phosphat e catal ysts. Mire particularly, the invention
relates to |ithium phosphate catal ysts that have

i ncreased activity for the isomerization of alkylene
oxide to allylic al cohol. BACKGROUND OF THE | NVENTI ON
to Lithium phosphate catal yst has been commercially

used for bREPABOABA SRILIPAIG FRIGRILA g‘@@mimvs

allyl alco e catalyst was first disclosed in U
S. Pat. No. 2,426,264. The catal yst preparation

i nvol ves preci pitat iﬁ]g’ﬁ OI-Q"I"I‘-HZ—[‘EII\HVI% HR phosphate from

the m xture of an a ous solutiron that contains
phosphate ions and an aqueous sol ution that contains
lithi umheomenmmereamsjéo lithiurpr hsisphete eatalysts hdoigaRaHeularly,

Wi t h. vvat t Waer,
r e BBt PR th iR PSS Bh AR Sl RREve isagd® actvty
F%rth@j@%mér&aﬁd\h Sfall?ﬁéne hkide 2o addiczdehobaches t he use
of additional alkali nmetal hydroxides such as sodi um
hydr oxi de and potassi um hydroxi de during the

preci pitation of GAGKGROUND FEHE. INMBENTOQYh t he
function of the additional alkali 20 netals in the

l'ithi h at t al

cat al y HEARES PHASERG e ottt ey s SomriiGel Yo or the

t horadroskien of pp@p«}@nemﬂozatyt aloohdl ITy1le caltalysi otastist disclosed

ﬁgﬁﬂ; %%ﬁéﬂ; 21X3§ ﬁ@? -an ta[}ggrgpe%%éa %o%a{'l%lxé§ %recipltatlng a
6, fade ﬁﬁ.ﬁ.@ Hasaté vt k}@muxtur@ bﬁéﬁlamgbuuﬁseldt;m tret contains

hydr ox ct [ onal

nmononer in the i ndustry
Fhosshatadonsaed ag|quppods EBIEPN | taa’&fs%éﬂadv ‘P%[‘thmf%a The crude

st | & catal
%%%B%ﬁ)i H%yd?gw ac%lgﬁggpgg?ﬁgor(seea ﬁgo Pat
. 5,475,073 i s ‘apparent that VI ng
I i thi uM@th@@mﬁ)@t @ﬂ@&vma/g' g Pmﬁa@% t?f@ "Rnown.  For

”%é@%p{l%/( 'é’eﬁéﬂ WNo. ti‘QBG%BQ't)éﬁEhé@H{éj uBa\er ddumiceabalkali metal
productiVvity uld not incur

i riwt{emetm‘s csustu as sodium hydroxade and potassmm hydroxide during the

precipitation of lithium phosphate. Although_ the function of the additional alkali

metals in the lithium phosphate catalyst is not clear, the resultant catalyst has

improved activity and selectivity for the alkyiene oxide isomerizatian.

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 alcohd! is used for making styrene-allyl alcohol copolymers (see
U.S. Pat. No. 5,444,141) and hydroxyl acrylic resins (see US. 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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SUMVARY OF THE-I NVENTI ON The invention is a nethod for
meki ng |ithiumphosphate catal ysts. The nethod
conprises mxing a first aqueous sol ution which
contains |ithiumand sodiumions and a second aqueous
sol uti on which contai ns phosphate and s borate ions. A
precipitate is theﬁuh@ﬁﬂgfféaFffﬂ'lﬁdN\l’%\l'ﬁlﬂN ure, and
-washed and dried to formlithium phosphate catal yst

The cathblitlentighiis'a F8MoaIBP Pl ARA? Brakihato datits. The

shows increased activity in ONner i

ameﬁln@méonwselsa mixing e fi tséraqetepu&@oh@oalwwm confagshighium and

Eom‘c}r{g %%%E’JA@%&&@*@@WFWEﬂ\'cgﬂ&déebﬁ&%hgie and

e Irnvention conprises m X
sbb[ate dons. Wi pltecq::mtamsnlheh ||$dﬂatﬁnh ord thedmumre oarsd. waghed and

t phat d
o ey dof BHE HAwE etbuites et ¥ R R MR bfl botn
byoxinsand wodigm, rshmwt;dmcraaéed bcwitydwﬂmisndwean@tm sfosh alkyiene
water. i.s preferred. Preferably,

tﬂgg?l’ﬂ?ﬂ?%?fr%ﬁwam V'%I?WH s within the range of
about 1.0 Mto about 3.5 M More preferably, the

about ‘1. 5 W (3 ERbED BESCRIP R Bt TERY N um i on

concentration is within the range of about 0.5 Mto

about Ph& mMéthblirst th@rlﬁ\fe@mah|0€)m[5ri§és&ﬁﬁtlr@ﬁa ifipt aqueous solutlon
concentratjon.i.s wthin the ran about 40675 Mto

greRys ?Cﬂ‘dﬁ%‘ which
V"ﬁbﬁ%ﬁn‘% d;ﬂ‘lcﬁs%hld@ &nd BoMd Rins. Prﬁé AFsRBbNitiof f @Pl‘éférﬁb?rﬁrepared

nmpounds are selected fromthe group consi s
Ibvmlﬁﬁﬁl\hwjﬁrbwa@%' a [lithivim @eroungt and ﬁlﬁOHILUWnCQE@PHB@ Distilled

a
A A 18 Nl R OR it e range o
alabouif 1§dbl| mmﬁu idls More mafeéablgouhekilt@unam gamgentration is
SW Otfuﬁb He r‘a‘?{ tglleaﬂélﬁ JI B 1}91'}‘8 étgﬁ’l,ﬁ : lglre?érﬁﬁﬁpltﬁé sgﬁ]ﬁm ion
um co ounds are ‘Selecte he group
coomaﬁnahgnosb wdtlmuthdwymgewocﬂeabcmbdﬁl G o tateue, 2.0 M.  More

¢ REBrER” S8 CrR o R s o ﬂw?’a%téé*ﬁgief’ gbout 0.75 M to
pabbiicubanl y preferred.

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 preférred.

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 acetaie, sodium carbonate, and mixtures thereof. Sodium
hydroxide and its hydraies are particularly preferred.

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

k)



30 The second solution is preferably prepared by

di ssolving in_water a phosphate conpound and a borate
compound. Distilled water is preferred. 2 Preferably,

t he phosphate ion concentration is within the range of
about 0.5 M to about 1.5 M Mre preferably, th

pheefdrably, thenphosphere oat oonentsation isi withiméhe ra@ggé)f@pout 0.5 M

2 bBHfdi Ef’l\g}ggeobjﬁqﬁ%rg@ympesﬁ%&sﬁgh OCI%PIBQT“PB'[IOH is within the

Prrﬁﬁ@ @’P'aboui bs phosatbat d @ dpBuitetic @h95;513$@|cenlpeunds include

potEEe e BbSHAECE, Wl TalH PGS DHoP KSRy compounds are
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sﬁ‘é&feﬁ:ﬁ HBRr ewk. grah Uébr@fﬁiﬁ:?haife%od@nd pHmsphates po’tassmm
rates are particula rred Prhefera ll\‘ﬁf h hates
bphaspiaian, SUSEIHT AMPSNASS a04 ARUissEtRY o SoRBase

0. a%dl\ﬂ'n?l AvaReed ar: &%U;Mr&e@r@ﬁer ably, the borate ion

concen |on 'S n the range io of about 1.0 M
to about 2.0 M Suitabl e borat s,.incl ude
{ hose e bl ctha GO doN FPRENERLON BT gnde fEabout 0.5 M

bgraheuts @o‘au rhﬁ'%reﬁfr@fe?ﬁ:hye #e Hoft® ot &tﬁiclﬁ@aﬂbn is within the range
consistin ori c- aci

g d, sodi um borates, potassium
bo:fweut‘l@rﬂ#dmabnﬁ%ﬂéﬂes and mxtures thereof. Boric
acid, sodiumborates and their hydrates are

parti cu athye "o?eft?rcfo?l%oui‘aés Rhaihies ahbye vidHh ate eofuibrestn water.

and t he secon utions are heated, prior,to g »
t cPrefarabiye the (hoasaie; CHMPPUNES afgnwe@?déﬁﬁmfﬁiﬁmﬂ% constsiing o

tgg)qfﬁct ) e%o'&ﬂﬂrﬁ oPéﬁ o@@ajh mbB?atéQ'éﬂﬁﬂn@ﬁiﬁnﬂBcﬁ*a&%adlﬁdmxtures

ure WI e rangg about 60C t
abmateo$060nﬂwldrsﬂdlug1 barates rangrthei hmr@t@rqmpﬁrmu{qqu preferred.
rapld stirring. It  can be perforned in a reactor or

;any suiga di °%m ﬂ‘?er first %Hdﬁh@ éé&bh@ sQﬂutfth éré fl‘fﬁatwcbnor to

>the secon Ut rons 1s not critical re er ab J&
mo&nmng, dbi t@ﬁpenatune wﬂhmﬁﬁpmgmfmbq% .45. G to @pout 95 More

6/ Ere%J p‘ys H}Vgefsfglhﬁ%nfs?%et Ry % a t%ﬁ]% é elwﬁl‘ﬂn 3he 'f'énge of about

Fati o he rang
abgefc t?abolioseiBIUT hé/rﬁlxlnglps rpenfoxma@ pra‘emhmwth.r@wl @ﬁfnng

phosphate precipitat e pr 25 then
i SW%P%@EQHEH“\EQ ?%ﬁ?é:gor Fﬂy\ﬁﬁﬁ IB c\%@g |ér§% is
i nportant. have found that
The ratlo 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
.whiie the crude lithium phosphate has little catalytic activity in the isomerization
of alkylene oxides, over-washed catalyst has diminished activity. Preferably,

| washing is so confrolled that the washed lithium phosphate contains desirable

amounts of sodium and boron.
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while the crude |lithium phosphate has little catalytic
activity in the isonerization of alkylene oxides,

over -washed catal yst has dinm nished activity.
Preferably, washing is so controlled that the washed
l'i thi um phosphate contains desirable anounts of

sgdi um‘mdmb@uﬁltm maluﬂibﬁ th@\ﬁﬁﬂﬁﬂnoﬁhdsmbtﬂg&ﬂawmpﬁhddhbéww the
0S cat a oduce t he met ho of, . e .
PRRIR0S 6F therruettion. T8F SRl hebsrn inheaased ceiviv gncsslectivit

S%reﬂfe' MbfrérizAtin bh@lldyﬁéhﬁeéksé@é' %@fca%WSY'sﬁB@s Oatioth® $0-30%
The catal yst, shows abogut 20-30% hi gher "acti vi

t hlmeg GREYIYZat the isamerizagipy | Enrropyieae axisiealol giy! QYC@Bﬂbihan the
F%h&hctﬂn?élﬂého :?ﬂ‘ ‘?Hi‘%tl?éﬁ“s“ra@@lrﬁ@%%mﬂ%n? cost savings

tran lates into a si cant cost savi ngs

praod preduttivily ineorerea s ﬂ'@fcmemhmrmahws Dresebsest i on

processes. Preferably, the lithi um phosphate of the

' nvent PRIFe2B g‘ %é‘?itl'flu “iblﬂ:*%ﬁHhte Qf % ‘Mvéhﬁ&n %Bﬁféﬁns(l)fr%m about

nore pr era roma bout . otoa
wD%3 wish thabaut.1 \W’/e,f repeeoprpferably frqnt: nbwﬁ bhhodpHatabout 0.8 wid,

o %@ e?’Pe% gtﬁé HAIGR BosBnlt dalfht’Bdraifiy Wm Abaut 0.01

winieoo atmm:lﬂum% I?neafeeprafargfolytfrmn labohi Q62 pittis tehaivasit 0.8 wi% of
cat st has a boron/lithiumnolar ratio within the -
féﬂgé' f 0.001 to about 0.05, nore preferably within

the range of about 0.003 to 0.03, and nost preferably

vvi t hi nPretferablyn@jE lithiuab phosphat® Tatadyst baszoerrod/litium molar ratio
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WP tancb GPS, BTMHE 07, FefeEoBinL 9BrA, s amce o

OaBGOEZOIOOSEtbOﬂuO?n Oaﬁd,mm‘tQJrafﬁrablprwrﬂ'em dh¢ yange thiabothe.007 to

raggﬁtdﬁ';oa h%cr)%gt ﬁeht |g{%iﬁf;§?p e'ﬁqu%gélilsqnhas 2%sodium/ithium

| pRUIE fafia Withih B raf &olf abeuton.D0es té BbEUICNOD eaROMAId preferably
all%llc al cohol s ﬁl%[s)artlcularly, the 20 catalyst
i Wi Wélra*ﬁgﬂo‘ctm@o?’i(b UtPdY-on of " propyl ene oxide to

ally) al cohol or isobutene oxide into nethallyl
al cohofrhe inveaten BRUNACILEEGS tHeheses ot tikYaitalpdt it ke lsomenzatlon of

ri3ianE: REdPhanla GREEPag G faktonal | MoferRaicdan. the

ObafdiydP)s RR&MM%bHhE Bothdrithtidh ttopylens oxide to allyl alcohol or
isobutene oxide into methallyl alcoho!. 1 have found that the catalyst of the
invention gives not only high Cagtélytic activity but also maintains high selectivity
for the isomerization of propylene oxide to. allyl alcohol. '

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, 3,200,037, 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. - ‘

S
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I somerization processes are known, which include

slurry and gas phase 25 (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 Wﬁ@’é’ha% r'ﬁﬁm%'&'ﬁ'% 1S la'ﬁff"'[?ds Infthg sluRgy ghase isomerization
4, Qﬁgrog%@ne%f ide, ﬁ*ﬁgllthﬁm? ate%@t%%s@?sdfsu%éﬁédzﬂﬁa high-

0, 033 gas I sonerizati on.
SI i@mp@rain@s@ll agdarﬂw vamnzgd prgpxdew @xidedpaspas thf@u@m ther gatalyst

P héﬁﬁ'% b RIFRT Igi?tallé?ﬁlol Ofl'h@ CPl %{? RQ[ﬁé %nﬁérgﬁg ib tu'%h!{ﬂg? used fo

phosphate ca I'S sus

Oi eveduaie th%asmﬁy) o eﬁidlepcppwwrmtaixstdwh|plaﬁmculatedlh)gh
the catalyst r slurry to formallyl alcohol. The
propyl ene oxide conversion is usually used to 5
eval uate the activity or efficiency of the catal yst
which is cal cul at ed byPromrens pede régaterd Weact e

Conver g;q;we(s;gn &ox=100—Propytemeoxide—fed, ’(/\fo
Several side reactions Goopdens okité fachavtdesi r ed

i sonerization, |leading to the formation of

by Pfo%weﬁm gﬁ“re%ﬁtitmso Egﬁpﬁﬂ% ' JeRfr8d %‘?neriza}ion leading fo

prop anol 10 acro el n. ctivit
aI ﬂ:uerfotmatmnmftbyawodumts(Shclnreasmwgnaldeh ¢ BESLong, Iaproﬂanol and

al b ' [ u I

21 E8HBIn o BRSO LARRg o PlcRinciy s e puriy of iy
Pr sipythcd befors isdpanatian.tis dalcwkidel mf er abl y, the

i soneri zation of propylene oxide is performed at a is-
tenperature within the range of about 200C to about

300C. More preferably, the isonerization tenperature

is within the range ofAlkbajaehalpomiucedawbut 280C. Hi gh

i soner i Seddtiviy (%hper attre—netees—hi-gh—catal 600

activity. However, Propylene oxide reacted, wt

Prefera-bly,' the 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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hi gh tenperature al so decreases ally) al cohol
selectivity. | have found that the catalyst of the
invention maintains high activity at a relatively | ow
i sonerization zo tenperature and therefore increases
al Iyl al cohol selectivity wthout sacrificing

pr oduct *UNPYrative OmEpIiemsngnd tipihes show Hat addmg boron to a
' Eﬁéﬁsﬁﬂﬁ-@oﬁtﬁ%hd‘E@tﬁ&é%es%%r@ﬁsé %ar@talfst ac{l\H@t "Blfnple 7

preparation of the |ithium phosphate catal
t [Faewe dratdhe catslyist oftbeiinvandng mwncre%mt@fytafcalng@ekectmty at
gi
D AR| I L RPN RANE Rfiflrfure Wi niBRShG Ak Mpfgne oxde
c@pawglog |'ﬁable:drqmnraanm {he diffdresces cxiwdrldus odtalgsisdo -
not contain either boron or sodium show | ow
propyl dg_ e

Fggr@qg?e&rs ghﬁlﬁ%{ﬁ ?&ﬂ@aoraﬁvé")é%‘?ﬁr{ﬁ%é V8- 5 QB O etrect of
pbpémtuanmmmmu eonngntratiedsy in tm)dmmmt pmawhemseaﬁatyets on the
I it I hows that the catal yst

o?aﬁ!ﬁ%ﬁ@\g&tay‘gn% %@Eﬁ%‘?ég\é d al 'yl al cohol
selectivity at reI atively low isomerization
t enper &'ha&seeempbsmeMwIIIHSWeﬁhghnwmpyI érrln@semkmed iB the art

c n

v I Bl R eI G, WAt R G s mventon ana
Exeoped ebtheldiisshow t he effect of boron and sodi um
concentrations in the lithi um phosphate catal ysts on

the catalyst activity and I&lﬁ:ﬁ:’f’ho' selectivity.
These exanples nerely ill ustrat e invention. Those

skilled in the art 1o will recognize nmany variations .
t hat ar éithivrh Phosphaie Satalyst Gontaining fetmbodinmaandl Beroope
of -.the clainms. EXAMPLE | Lithium Phosphate Catal yst

O@J@@i[ﬁiﬁgg%%%‘n Sodi um and Boron Catal yst Preparation
, 43. 5 g of sodi um phosphate
dodecahydrate and 13 of boric acid are dissolved in
150 m Iro ﬂﬂ%ﬂﬂﬁkt 63 5,1k sodiuny phosphete deodeentydratasnd 13 g of
' ﬁgﬁé 3§P léé&l\LEdufﬁ‘ {Bﬁjﬁ“l%f ARtMAGALR ot Fofd! RO sRBAd flask,

15. 8 g of I[thfum hydroxlde hyclrate (LIOH.H20) and 4.6 g of sodium hydroxide

. are dissolved in 125 ml of distilled water at 70°C. The solution in the ﬁre{t flask is

then added tfo the second flask with rapid stirring for about 10 minutes at 70°C.
A white precipitate of crude lithium phosphate is collected by filiration. The
filtrate cake is broken down manually and stirred with 1.8 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 botiom 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 m of distilled water at 70C.. The
solution in the first flask is then added to the
second flask with rapid stirring for about 10 m nutes
at 70C. Avvhite precipitate of crude lithium

phosphate is | ected by _filtration. The filtra
D EMPe TS ah o RHRLATNS BAGaL RS Bbaiisa PORpUs ft for the

I I feﬁfr§n62-:f oﬂihégprbbngné'\@kiﬁé vaﬂch rs iftrédideiSForh 'aﬁﬂBC@i pump. The

hour s powder is collecte
f i |htmtampbﬁsm@a¢a Gataévst@iur@'dﬁo@@f aatglyst inBmg wAdharmipelerss heat

o po3elr oG ERtl SPShng hEhIE Rtk sy B Rt e Propyiens
51 sodei isavdpmnized iPrapyékaatingkiane Pher ics deesantent ivdin the lithium
) | _ _ ' )
 PERbRGTRL ol 8 EREAR eIl AmEy B Bl ecain
hepgcmyien*érm?@ aks ramkm‘ zt{)zcc ﬁrﬂ;ﬂ&gﬂt eﬁilgglﬁg :r%a;?médmaw ndilected
colhd et B9585° tor MEBrofliche S8R CRRBRWE s I product
L Ioaelectnstykg gﬂmp(re@glf\etaeﬂﬁe Lc??w?:re:otnf :fsé\f)ﬁhtmrthé osege offB8.5% to
100 SBiao T B S EaReT SelS el e Wi s e o SR Shic o8 6%.
| SCO punp. The lithium phosphate catalyst slurry (7 g

of catalyst in 65 g of Therm nol TM 55 heat transfer
fluid (product of Soluti a, EP%MB") #s charged into the

gl ass t ubgniuRl PRYSHHAR @:a%s@@ohﬁalﬁﬁg%thz il a"f‘xd Baron

preheati ng zone prlor to 1I'ts cont t he |th|um

phosphat e cat aI){ The reaction is perforned at
by cont (i 86BERE PERSEAHES ofpﬁmwlerﬂelwp%%teatexaema@ @%ﬂrst flask,

152048% geéf gﬁ&l%m h%% %Se %ﬁ'é Gl 0 GPbt 864iEf tetraborate

and anal yzed or the propyl ene oxi de conversion

an de@wdmtooaretdls%v@;t ﬂaetry:sui ligrwpyphasphaiei crialyst contains
9 fo
ROMED, B o S, A CB08 Wt By 1 ol owce

S I VI I'S Wthin
. 92c@f%ersiof B GithinBXaNEMde Gf 84. ﬂ%l torb8Pr6 sguidathe alldtaddofot selectivity

Cont bot h a ron The general procedure
a.lg”%r]% ‘Ao q?ggeééazné%ggvg%pt in the first flask,

20I s 43.5 g of sodi um phosphate dodecahydrate and 20 g
of sodi um tetrabor at r ._dissol ved. The
resultant |ithium phmggmgkmﬁ%gai ns

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 distiiled

25  water but no borate is used. The propylene oxide conversion is within the range
of 41.0% to 43.8%. The aliyl 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
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- 0.1-0.3 vvt' % of sodi um and 0.3-0.6 w % of—-boron. The

propyl ene oxide conversion is within the range of

54.0% to 58. 7% and the ally] alcohol selectivity is
within the range of 92.8%to 93.0% 20 COVPARATI VE

EXAME 3 Lithium Phosphat e Catal yst Containing Sodi um
Ut RUBORERER ImHie RSPBALIAS: 194 @ ATLIGH Hahiaslissolvedsin 300 mi of

I eRARES dvREC EHe h-i%uit@ﬁt fthildd. phbss¥ate c‘é@algsg%omalﬁg'éjm % of

phosphat e dodecahydrate 1s dissolved
diberen.| déie propwane oxisiet canyerieraisewitsinube danghef 20.5 to 23.6%.

PrHoRYA of
SRR AR b %“04%% LB S8
wi thin the range of 92. 6%to . 9% COVPARATI VE
EXAMPLE 4 Lithi um Phosphate Cat aI yst Contai ni ng Boron

but No Sodium so Th %gth f Exanple 1 is
repeated except in ?ﬁgﬁ ?\E?th-l\?lléas lﬁ%%s g of 85%

phosphoric acid and 10 g of boric acid are dissolved

in 150 m df h'umE@ﬁmat@@aﬁv@ﬁomﬁnmé’@w bt ask,
19.4 g of LIOH HO is Iglssol_ved in 300 mM of
distilled water. The r¥Q&ofiim andEerelm phosphat e

t al t 0. bof . b . Th
ol b The SBPLA Rowiia b Exaie Mok TBbanto sheStn 3 fi flask,
Tlae 5agqulK@Hcmmoh4 sej @ﬁBB%‘ uosmo%taﬁtmaﬁeh&sﬁawwpﬁso m! of
90@0/to90 % EXAMPLE 5 Lithium

wateran |"9§‘ie Wﬁ ﬂﬁﬁhg?%ﬂa%ﬂaﬁhﬁt and\B.7shef IK@H are
agmksBREAM The @?Bﬁél@ﬂllleﬂr\ﬁﬁéﬂuﬂﬂe%sm{%% dh%s?heinz&gata!yst

repeated except in the first flask
aRBnteinsaheub . 188 Pmeinaiassiure. Jbedrapdent oxde aewarﬁowownthm

n}h@f’ﬂg@ké%hg ln cﬂ é&%aﬁ%?é}%% : 1 ?S“sgo!%%tn@lhﬁﬁhhlgltge rafge of

0P2d1% ta 92.8%. wat er . The resul tant |ithium phosphate-
cat al yst :

COMPARATIVE 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 LiOH.H2O 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%
t0 92.7%. | |



cont ai ns about 0.1-0.2% of potassium The propyl ene
oxi de converston is within the range of =42.2%to

44. 5% and al |l yl al cohol selectivity within the range
of 15 92.7%to 92.9% COVWPARATI VE EXAMPLE 6 Lithium
Phosphat e Catal yst Cont ai ning Potassi um and Boron but
No Sodi um 20 The general p Ol 7 of Conparati ve
Exanple 4 i's repeated except in the second fl ask,

~15. BogentationGH.LbwlPéparaibe i 10fhiukOFhagshak Saediye ©onthining
125 mM of distilled \/\&t{)ﬁr The resultant [ithium
phosphat e catal yst con RO ape Bgren pot assi um and
0.3 w % of boron. The propyl ene oxide conversion is

Wi It hi n_Tﬁegemaagﬁmédlﬁ%-ﬁ%ﬁam;?é ggﬁggﬁlﬁtﬁzgw th@'gig@i;g*ization is
sel ectl vit n e range or 39.Z. " . to 92.

o Bakiee %t 2L THS iieng gide sruprsic & Wit the range of
Li Bho%uMoR05%idealhslaba tseré@p\w i WitHg thebRhhe 9P \6M NS,

Boron The general procedure o anple 1 iS repeated
Sbut the isomerization is performed at 253C. The

propyl ene ' version_is within the range of
39.9%to 4%%35&@8&{-5?“%%’5‘@9 pRjes 8 and Aen
the range of 93.6%to 94% 5 EXAMPLES 8-17 and

ConpHresEifect oEBanpl &l $6diamdCafochiatiGid 6¢ theabatBREPACtAftd and
Sodi um Concentrati ons ?\ﬂwt he Catal yst, Activity and

Al lyl Al cohol Selectiv Hﬁ@"%@ﬁ@cﬁ}’i%r ocedur e of

Exanple | is repeated by varying the amounts io of .

sodi umTHeoggterteprobediire oA Exemple t i vepdavstl BX vagirante amounts
e, or, var t he washi ng procedure to

10 0PSRN, PSPBH SRE: R0 Bl (Y SraviAan ghd oggh dueroxice or

anpaiihg 1BE WaSKIAG aitdcsdifie UB odtB RS AthRiFAPHO8BhABOMAthRSs having
effects of the concentrations of boron and sodi um and

t heifferent amannts, of BaON and sadimg These examples show the effects of
the concentrations of boron and sodium and the ratios of boronfithium and

sodium/iithium on the isomerization of propylene oxide to a[lyl'alcohoi. The
15 lithium, boron and sodium concentrations are measured by element analysis.
The resulfs are lisied in Table 2.



sodium lithiumon the isonerization of propyl ene oxide
to ally) alcohol. The 15 lithium boron and sodi um
concentrations are neasured by el enent analysis. The
results are listed in Table 2. 9 TABLE I Conparing
Various Lithium Phosphate Catal ysts in the

| soneri zation of Propylene Oxide to Allyl Al cohol Ex.
Cat al yst Cont ai ni ng Cont ai rﬂl‘h@h%&nt ai ni ng Propyl ene
Alylsdh ? Y Vartes LRATAN PROSHIHT: CRliapsts Hmh@%cﬂﬁenzatlon of
Sel ectlv ty ™ Conversion 1 Lithium YeS Yes No .

92.7% Phosphate S¥ropyles: Oyidesto | Allyhigaholes Yes No

(O S5-LN O _r— 2 = =2

540592 -89 Phoshate 58769309 C3tirthiumNp—Yes
ey HLeQ9%et 92 @MainPg O RdAkRING 3-| 8%%nBidin® 74 EBrbplidnkhi ANy &Schot
\BioND 20. 5% [Hfbrdk% Phaspiat e 23ofsad). BoxiddC5 Li | helertvity
o Nb_Yes 42 2% 92. 1% Phoshatie 44. 5% 92owetsiofts
ith g‘r_p Yes I\‘I? Yes 432 .g4% 92. 10@ Phosphat e/ 45. 8% 92, 7%
. ( .
O THERERL et of [86Fon, anq Rodtum PRbREn! o) KBl
T1 SUTTCT T ZaAtC T OOt T OPyT T AT UCT . SUUT UTIT
5adi b hLuH hi wp,Bor on [Bagon/ | i-tjhjum Propyk gne* Al bygos
N"ConBliosphadol W % Milar Ratid wt % Mol ag79Rat i 0| Exewe
el ectivity
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 145.8% _ 92.7%
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Conversion 8 0.22 0.00374 0.42 0.0152 59.2%93.0% 9

0.16 0.00271-0.34 0.0123 57.2%92. 7% 10-0.31 0. 00528
0.54 0.0196 55.8%93.0% 11 0.06 0.00102 0.59 0.0212

55.0% 92.4% 12 0.05 0.00085 0.43 0.0155 54.9% 92. 5%
13 0.08 0.00136 0.29 0.0105 %! 0292.4% 14 0. 03,

0. 00051 0.20 0.0072 49. 8% 92 5 0.02 0.00034 0.32
0. 0115 48. 1% 92{f&chof Baréh ﬁ|5d Sodilikl COntentfatiogsson 48. 7%

92.6% 17 0.66 0.0113 o..g% %1 4} 36 092.4% C18 1.7
0.0296 1.2 0.0444 JEOBEER oL FEgpylane;Oxidgr97 1. 4
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0.02

0.00034

0.32

| 0.0115

48.1%

92.0%

16

0.865

0.0111

0.65

0.02386

48.7%

92.6%

17

0.68

0.0113

0.85

0.0310

45.3%

92.4%

1.7

0.0296

1.2

0.0444

20.8%

90.5%

C18

C19

17

0.0297

1.4

0.0520

12.5%

81.1%

* Average vaiue
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4. The nethod of claim2 wherein the sodi um conpound
is sodium hydroxide. 1s 5. The nethod of claim?2
wherein the lithiumconpound is |ithium hydroxide..and
t he sodi um conpound is sodi um hydroxi de. 6. The nethod
of claiml wherein the second solution is prepared by
di 88%i ng in water a phosphate conpound sel ected from

the gr QUpetRGS icdhiphiging preﬁlﬁﬂbﬁﬁg @hmmhﬂtpﬂasprmé d&mh Wmixture
phosphat es, anmoni um p

{ HRaneRsingn a TS eRuRcs CHIIBIEoRaINNG: BT GR e8ieR s and
TARSLAL 1 dMebis slBRFtlbﬁ c%‘h'téimnéqmdéﬁhgﬁér éﬁd?%orafi@tléﬁss'léﬁlhtmg the

borat es, amoni um bor at es, m xt ures thereof

ates, and_20 m xtures

5 Therenipttatedand washing andiAeing Wetﬂfémﬁl"i@'@ﬁﬁef%ﬂ @dﬁ%ﬁhﬂhosphat&

20

25

30

Aqi9Qdi um phosphate. 25 8. The nethod of claim6

V\,here?n the borate conpound is boric acid or a sodium
bo.at e.The. m@thedrafickaint ‘bivheledn thesfinaheglafion istsepiied @uadlf@olvmg

CRPGHA 4 e R SRS Y AR isptny of pium

1 whiesxéda) iithiant nitste, ditdiuhacatatso rands pibdries risersoé andoa sodlum

Pg%gg%%4§ o %89{51@)3' Q‘% géﬂ%gaﬁérﬁe ra?y 8?5%‘ i Eg&o&ﬁg, sodium

wWhgifreieD s diémt R1Epte aéadiem icarbuniaba, mntlhalxtl.mlgmecéof 60C to

80C. 12 12. A lithjum phosph at al

cont ai J&eemﬁwﬁélaaﬁn’ﬁ 'E@%B‘faﬁ"‘ﬁéﬁﬁﬁm CZ?H?P%'SB % finjugn hydroxide.
enpancerdehenébd! ¥ telamt 2V inwherdindteelsediuny i domdoundals sodium
i sonerization of alkylene oxide to allylic alcohol.
13hydreddeat al yst of claim 12 which contains from 0.03

15 M 86 10 Fh Xy Méiﬁr 2 \nﬁleﬂeﬂn t@‘ﬁhﬁﬁﬁ éb%}?buﬁﬂ iSQItFﬁUfﬁ H{,R:lmmde

Whl ‘ch contains fromO
Thand:tesdopim oﬂm@pancﬂnmszndwmbmd@mea. ns from0.01 Wt%

togl w0 metﬁt?@“d‘l’”l:lalm 1 wherein the second solution is prepared by

bor on.

dissolving in water a phosphate compound selecied 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 phosphafe 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 femperature 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. '

12



16. The catal yst of claim 12 which contains from 0.02
w%to 0.8 w9% of sodium |0 17. The catal yst of

claim12 whi ch has a boron/lithiumnolar ratio within

the range of 0.001 to 0.05. 18. The catal yst of claim

rlgn'léﬁ‘e' gpﬁ\ gﬁ‘%@ Hﬁ%@ﬁ%@ ctagﬁyémﬂ]m& ?ﬁt?fn'scé Fﬁ\'?% %n{o@ﬁ? of boron
whigdH sedium thenbandd thiei eatalysl activibaand sajechvlty fohan iddmerization

ralagﬁ kﬁfeng oQ%EC}B%nﬁoO%%oh%? The catal yst of claim 12

umnmolar ratio within the
rarige offhe cataat vbclaind 22 which diméainaframyB03 ef%cbali wid af boron.

0 o8RBT B URIELN AL L% ot

10

15

_ 20

prdéessThé qutaipst eme[aWI'ﬁEwml’alcbmﬂalrﬂl fom0D, oinwiReto 1 wi% of
§nce of a lithium phosphate catal yst which
cofiP@HAL effective anounts of boron and sodium 23.

Thespr oTRe cafdlyst! ¢fi cRiRY 120WiSiBh | onBfid RbRD. 02NwdUior 8.8 wit% of
pha 24. The process of claim22 which is perforned

ag'f-'ghper ature within the 25 range of 200C to 300C.
25 17TheTRE QaRMHEs: Qrff c!-"dirﬂ'@ \ggicﬁma%rh b§roﬁ%ﬁﬁﬁ|9ﬁ1”ﬁ@la?traﬁo within the

tenperature within the range of 240C to 280
range of 0.001 to 0. 05 7
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.
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