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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 hydroxy! functional monomer in the polymer industry. For

25 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
30  but would not incur increased cost.
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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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have found that the catalyst of the invention
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i soneri zation

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 bo.ron or sodium,
show low propylene oxide conversion.
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COMPARATIVE EXAMPLE 3
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
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The results are listed in Table 2.
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Ex. Sodi um.Sodi um i thi um Boron Boron/lithium

Propyl ene* Allyl

Al coho

| *

No,

Rati oOxi de Sel ectivity Conv

80. 220. 003740. 4#3c03:258n 48 BdHam Concentrations on

o\DI ar

90. 160. 002710. 340. 012357. 2992. 7% _ _
100. 310. 005280. 540. eowsigatipmef Rrepylene Oxide

P .- S _ V-

Rat i owt

| soneri zati on of Propyl ene EXi/Us2004/036427

o%\vbl ar

150060001020 5900219550992 4%
12@x 0% QodieH) 8 eddifhd Mithfdd J Bordd YPBor&Mthium Propylene* | Allyl Alcohol*
13003 @t A0 1 36vni2 REtid0 10548 %0 YPBol&Ratioc | Oxide Selectivity
140. 03. 0. 000510, 200. 007249. 8002, 1% Conversion
150. 020. 000340, 320. 011548, 1992, 0% .
166-658281118: 8286 0236464000081 222k 23.0%
17Q. 669491130, §50. 031045, 390R, ¢4 57 2% 92.79%
CI8T: ‘g—g‘m% i —EI90T 5% =2 —
C193. 70.3029710.6662805201 2. E40 1 PSlatos Aver agss.asal ue | 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 48.0% 1 92.4%

14 0.03. 0.00051 0.20 0.0072 49.8% 92.1%

15 0.02 0.00034 0.32 0.0115 48.1% 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%

C19 | 1.7 0.0297 1.4 0.0520 12.5% 91.‘i%

* Average value
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phdSe. The catwlygraeiain & whichi hasoa batindihium peidraatiedithin the
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21, The catalyst of claim 12 which has a sodium/iithium molar ratio within the
range of 0.003 to 0.01.

20 22. An isomerization process of propylene oxide to allyl élcohol 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

25 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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