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The present invention relates to a process for recycling a catalyst

used for preparing polyoxyalkylene polyolsand a preparation process of
the polyoxyalkylene polyols. More particularly, the invention relates
to a process for recycling the polymerization catalyst of alkylene
oxide in the preparation of a polyoxyalkylene polyol which is used for a
raw material of polyurethane resin and a surface active agént. and to a
preparation process of the polyoxyalkylene polyol by ring-opening
'aintion polymerization of alkylene oxide in the presence of the recycled

catalyst.

‘Polyoxyalkylene polyols which are used for a polyurethane raw material

are usually prepared by conducting ring-opening addition polymerization
of alkylene oxide on an active hydrogen compound initiator in the
presence of an alkaline catalyst. In the preparation of polyoxyalkylene
polyols, various suggestions have been conventionally made concerning
the improvement of their productivity and product qualities.

It has been known in the preparation of polyoxyalkylene polyols that
an alkylene oxide increases it’s rate of addition polymerization when the
alkylene oxide has a high concentration in the reaction, when the
reaction temperatur&ﬂis‘high. and when the-zmdunt of the polymerization
catalyst, i.e.. an alkali meial“compéﬁidfﬁié5fthé5$éﬁf 'Improvement of
productivity by such methods increases at ihe!@gme time the content of

an unsaturated bond due to a side:reaction. = ¢
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increase in the monol formation has been studied. It has been reported
in Kobunshi Ronbunshu, 50, No. 2, 121~126, (1993) that high
temperature reaction gives the 1argest effect on the increase in the
unsaturated bond, and that the concentration of alkylene oxide and the
concentration of potassium hydroxide polymerization catalyst has a
relatively small influence on the formation of unsaturated bond.
However, limitation is imposed upon the pressure resistance of a
reaction vessel and the concentration of alkylene oxide is relatively
difficult to increase. |

It can be carried out with extreme ease to raise the concentration
of potassium hydroxide polymerization catalyst. The polymerization
catalyst, however, is separated after reaction from crude
polyoxvalkylene polyol by neutralization with an acid or washing with
water and is thereafter abandoned. Consequently, the increase in
amount of the potassium hydroxide polymerization catalyst gives an
adverse effect on the material balance due to adhesion of the product to
the salt which is formed by neutralization of the polymerization
catalyst or due to the increase in amount of the washing water and leads
to elevation of product cost.

USP 3.393.243 has proposed a process for reducing the amount of
unsaturated bonds In polyoxyalkylene polyols by us1ng an alkali metal
compound other than potassium hydroxlde as a polymerxzatlon catalyst.

Mono! formation is suppressed in the case and the process is
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In the above reference, a cesium compound is used as the alkali
metal compound polymerization catalyst in order to reduce unsaturated
bonds in polyoxyalkylene polyol 6btained. After finishing
polymerization, the reaction mixture is neutralized with a
neutralization agent composed of water and oxalic acid, dehydrated and
filtered to remove the cesium salt. However, no description is found
on the recycling of the cesium compound catalyst. The cesium compound
s very expensive and the process has a defect of being less. economical.

Various techniques for recycling the ceéium compound catalyst have
been investigated. For example, crude polyoxvalkylene polyol by
polymerization in the presence of a cesium compound catalyst is
neutralized by adding an organic acid such as oxalic acid and water.
The cesium salt thus obtained is separated. A mixture of the separated
cesium salt and the polyoxyalkylene polvol adhered thereto is calcined
to form cesium oxide..cesium oxide is successively hydrated to recover
cesium hydroxide. and the recovered cesium hydroxide is reused as a
polymerization catalyst for preparing a polvayalkylene polyol. The
process, however, has a problem of cost increase resulting from burning
off the organic acid for use in neutralization and a problem of fuel
cost required for the calcination, and is thus unfavorable for cost
reduction.

In another technique. the crude polyoxyalkylene polyol as intact
which is obtained by polymerization in the presence of a cesium
compound catalyst, or an aqueous solution of a cesium salt obtained by
neutralizing the crude polyoxyalkylen polyol with an organic acid and/or
a mineral acid and water, is brought into contact with a cation

-exchange resin to adsorb a cesium ion to the cation exchange resin.
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solution of cesium hydroxide and decreases purity of cesium hydroxide.

The object of the invention is, in the preparation of a crude
polyoxyalkylene polyol by polymerization of an alkylene oxide in the
presence of an alkali metal compound catalyst, to provide a process for
recycling a catalyst with efficiency and economy. and further to
provide a process for preparing the polyoxyalkylene polyol by reusing
the recovered catalyst.

This object was achieved on the basis of the

surprising finding that, in a.process for
preparing polyoxyalkylen polyol by polymerization of alkylene oxide in
the presence of an alkali metal compound catalyst, the alkylene oxide
polymerization catalyst used for preparing polyvoxvalkylene polyol can
be recycled with efficiency and economy from the alkali metal salt
obtained by neutralization of crude polyvoxvalkylene polyol with a
mineral acid or an organic acid, and that the recovered alkylene oxide
polymerization catalyst can be reused for the preparation of
polyokyalkylene polyols comprising

That is, the first aspect of the invention is a preparation process
of polyoxyalkylene polyol comprising

@ a neutralization step for adding a neutralizing agent composed of
water and a mineral acid or an organic acid to crude polyoxyalkylene
polyol containing an alkali metal compound catalyst.
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formation i g suppressed in the case and the process is .
65 a egcovery step of an alkylene oxfﬁe polymerization catalyst used

for preparing polyoxyaikylene polyol by bringing ihe alkali metal salt
obtained in Cj into contact with an OH-type anion exchange resin in the
form of an aqueous solution of the alkali metal salt and conducting ion
exchange by absorption of a mineral acid anion or an organic acid anion,
and

@ a preparation step of a polvoxyvalkylene polyo!l comprising
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of the
polymerization catalyst which is recovered in ®.

The second aspect of the invention is a preparation process of
polvoxyalkylene polyols comprising that the aqueous solution of the
alkali metal salt is obtained by adding, after the desalting step @ of
the first aspect of the invention, water or a mixture of water and an
organic solvent to a mixture of an alkali metal salt and the
polyoxyalkylene polyol, and by separaiing into a polyoxyalkylene polyol
layer and the layer of the aqueous alkali metal salt solution.

Further, the third aspect of the invention is a recovering process
of an alkylene oxide polymerization catalyst comprising the
neutralization step O, the desalting step @. and the recovery slep

@ in thg first aspect of the invention. |

According to the process of the invention, the alkylene oxide
polymerization catalyst can be recycled with efficiency from a purified
salt obtained from crude polyoxyalkylene polyol and polyoxyalkylene

polyols can be prepared with economy by reusing the recovered catalyst.
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cesi um conpoun cata yst
potassium, potassium hydroxide, metallic rubidium, rubidium hydroxide,

~metallic cesium cesium hydroxide, and monohydrate of sodium hydroxide,
potassium hydroxide, rubidium hydroxide and cesium hydroxide. Preferred
catalysts are metallic rubidium, rubidium hydroxide, metallic cesium,
cesium hydroxide and hydrates of these hydroxides. More preferred
catalysts are metallic cesium, cesium hydroxide and hydrates thereof,
monohydrate in particular. The most preferred catalysts are cesium
hydroxide and its monohydrate.

It is desired that these catalysts are added to an active hydrogen
compound initiator or a polyoxyalkylene polyol, successively heat
dehydration or dehydrogenation is conducted to convert the active
hydrogen compound to alcoholate, and then addition polymerization of
alkylene oxide is carried out. These catalysts, however, can also be
used as intact for the polymerization of alkylene oxide, when desired.
No particular restriction is imposed upon reuse of the alkali metal
compound catalyst obtained from the recovery step of the invention.

The amount of the alkali metal compound catalyst is preferably in
the range of 0.01 ~5 parts by weight for 100 parts by weight of
polyoxyalkylene polyol after finishing the addition polymerization of
alkylene oxide.

The crude polyoxyalkylene polyols of the invention include those
having any molecular weight which are obtained by addition
polymerization of alkylene oxide on a knowﬁ active hydrogen compound
initiator in the presence of the alkali metal compound catalyst. The
known active hydrogen compound initiators include, for example,

methanol. ethanol. butanol and other monohydric alcohols; propylene
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tolylenediamine, diphenylmethanediamine and other aromatic amines;
bisphenol A, novolac and other phenol compounds; and water. Low
molecular weight polyoxyalkylene polyols obtained by adding several
moles of alkylene oxide to these active hydrogen compound initiétors by
using a known method can also be used as active hydrogen compound
initiators.

Crude polvoxyalkylene polvol is obtained by conducting ring-opening
addition polymerization of alkylene oxide on the active hydrogen
compound initiator in the presence of the alkali metal compound
catalyst. A portion of terminal hydroxy groups in polyoxyalkylene
polyol has structure of alkali metal alcoholate. Both homemade and
purchased polyoxyalkylene polyols can be used.

Exemplary alkylene oxides which can be used in the invention
includé. propylene oxide, ethylene oxide, butylene oxide, styrene and
other known alkylene oxides. These alkylene oxides can be used singly
or in combination.

No particular limitation is put upon the amount of alkylene oxide
which is polymerized by addition. However, the preferred amount is
usually in the range of 1 ~120 moles per mole of a hydroxyl group in
the active hydrogen compound initiator. The addition polymerization can
be carried out by using a known method under normal conditions.

Neutralization of crude polyoxyalkylene polyol can be conducted by
addition of water and a neutralizing agent in the temperature range of
50~120°C. Industrial water. ion exchanged water or distilled water

can be used depending upon the object. The amount of water is
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Exemplary neutralizing agents include mineral acids such as

phosphoric acid, hydrochloric acid, sulfuric acid, sulfurous acid
carbonic acid; and organic acids such as formic acid, oxallic acid,
succinic acid. acetic acid and maleic acid. These neutralizing agents
can be used singly or in combination.

After the above neutralization treatment. the crude polyoxvalkylene
polyol can also be subjected to adsorption treatment by using an
adsorbent, when desired. Synthetic magnesium silicate is preferably
used as the adsorbent and is marketed under the Trade Mark of TOMIX-
AD60ONS, AD600B and AD.300(manufactured‘bv Tomita Pharmaceutical Co.,
Ltd. and KYOWAAD 400 and 600 (manufactured by Kyowa Chemical Industry
Co., Ltd.)

The alkylene oxide polymerization catalyst used for the preparation
of polyoxyalkylene polyol in the invention can be recovered by the
following process.

The pH value is adjusted to 3.0~9.0 by adding water and a
neutralizing agent to crude polyoxyalkylene polyol obtained by
polymerizing alkylene oxide in the presence of an alkali metal compound
catalyst, water is removed by heating to 50~120 °C under reduced
pressure, and'depositeq alkali metal salt is filtered. Water is added
to the filtered alkali metal salt to obtain an aqueous solution of the
alkali metal salt. However, a small amount of polyoxyalkylene polyol
usually adheres to the alkali metal salt. Thus, water or a mixture of
water and an organic solvent is added to the filtered alkali metal salt,
the resulting mixture is mixed by stirring usually at 10 ~100 °C, and
is preferably allowed to stand. The mixture is separated into a

polyoxyalkylene polyol layer and an aqueous solution laver of the
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used for the mixture of water and the organic solvents to be added
include n-hexane and other aliphatic hydrocarbons; cyclopentane and
other alicyclic hydrocarbons; benzene., toluene and other aromatic
hydrocarbons; and carbon tetrachloride, chloroform, methylene chloride
and other halogenated hydrocarbons. |

The polyoxyalkylene polyol which is adhered to the alkali metal salt
and separated into a layer in the above process can be added to the
crude polyoxyalkylene polyol obtained by polymerization. Thus, the
loss of polyoxyalkylene polyol in the purification step is favorably
reduced.

No particular limitation is imposed upon the concentration of the
‘aqueous solution of alkali metal salt to be treated with the anion
exchange resin. The concentration which is usually preferred is in the
range of 0.01~ 50 % by weight. Even though an aqueous solution of the
alkali metal salt has concentration outside of the range, the subject
matter of the invention is not impaired.

The anion exchange resin which can be preferably used in the
invention has a structure comprising a-styfene-divinylbenzene copolymer
as a car;ier and a quaternary ammonium salt compound on the side chain’
as an ion exchange group. As to the morphology of the resin, both gel
type and macroporous type anion exchange resins can be used for the
invention. Such types of ion exchange resin are marketed under the
trade mark of LEWATIT MP 500, M 500, M 504, MP 600 and MP S00A
(manufactured by Bayer Ag.), DIAION PA 406, PA 408 and PA 412

(manufactured by Mitsubishi Kasei Co. Ltd.), AMBERLITE I[RA 430, lRﬁ 458
EEN
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' hand, marketed anion exchange resins which were already converted to
the OH type can be used as such. No particular restriction is imposed
upon the use temperature of the ion exchange resin. The resin is
usually used in the range of preferably 10~100 °C.

lon exchange can be conducted by passing the aqueous solution of the
alkali metal salt through a column packed with the ion exchange resin
or by stirring the aqueous solution with the ion exchange resin in a
vessel.

The aqueous solution of alkali metal salt is ion-exchanged and
converted.to an aqueous solution of alkali metal hydroxide.
Consequently, the aqueous solution of alkali metal hydroxide can be used
as intact or after concentrating to a desired concentration for the
polymerization of alkylene oxide as an alkali metal compound catalyst.
Further, the aqueous solution of alkali metal hydroxide is dehydrated

and can also be used in the form of solid alkali metal hydroxide as the

n
t he

alkali metél compound catalyst in the preparation of the above

polyoxyalkylene polyol. The alkali metal compound catalyst thus
recovered can be used as a polymerization catalyst of alkylene oxide in
the preparation of polyoxyalkylene polyol, recovered and used again for
the preparation of polyoxvalkylene polyol as the polymerization
catalyst of alkylene oxide.

Polyoxyalkylene polyol can be prepared by removing the alkylene
oxide polymerization catalyst from crude polyvoxyalkylene polyol and
further carrying out purification. The preparation process is the same

as that of the above mentioned crude polyoxvalkvlene polyvol. However.
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step is reused for the preparation of polyoxvalkylene polyol in the
invention. The form in use of the alkylene oxide polymerization
catalyst can be a dehydrated solid or an aqueous solution.

As the recovery ratio of the catalyst is lower than 100 %, a new
alkali metal compound catalyst is supplemented to the recovered alkali
metal hydroxide catalyst according to the deficient amount of catalyst
for recycling use.

That is, a polyoxvalkyiene polyol is prepared with a constant amount
by the following steps;

(i) a preparation step of crude polyoxyalkylene polyol for
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of an alkali metal
compound catalyst,

(i) a neutralization step for adding a neutralizing agent composed
of water and a mineral acid or an organic acid to the catalyst
containing crude polyoxyalkylene polyol which is obtained in the
preparation step,

(i) a desalting step for dehydrating and drying the liquid obtained
in the neutralization step and thereafter removing a deposited alkali
metal salt by filtration,

(iv) a recovering step of an aqueous alkali metal hydroxide solution
by preparing an aqueous solution from the alkali metal salt obtained in
the desalting step, bringing the aqueous solution into contact with a
Oli-type anion exchange resin, conducting ion exchange by adsorption of a
mineral acid anion or an organic acid anion, and adding a required
amount of the alkali metal compound catalyst to the aqueous alkali metal

hydroxide solution obtained in the recovering step so as to feed the
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The present invention w1ll hereinafter be illustrated by way of

examples and comparative examples.

Example 1

To a nitrogen substituted reaction vessel, 150 g of glycerol as an
active hydrogen compound initiator and 113 g of a 50 ¥ aqueous cesium
hydroxide solution as a catalyst were charged. Successively the
mixture was heated to 105 °C and dehydrated under reduced pressure of 10
moHg until a dehydration rate exceeded 90 %. Thereafter 9650 g of
propylene oxide (hereinafter referred to simply as PO) was gradually
charged at 105 °C under internal pressure of 4 kg/cm®G and reacted for
13 hours. After finisﬁing the reaction, the unreacted PO was removed
from the reaction mixture under reduced pressure to obtain 9820 g of
crude polyoxyalkylene polyol.

Next, the crude polyoxyalkylene polyol was neutralized by adding 10
% by weight of water for tﬁe crude polyogyalkylene polyol and an
equimolar amount of phosphoric acid to cesium hydroxide. After
neutralization, water was removed from crude polyoxyalkylene polyol and
deposited cesium salt was separated. Purified polyoxyalkylene polyol
thus obtained by removing the cesium salt had a hydroxyl value of 28

mgKOH/g and viscosity of 1100 cps/25°C.
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times the ion exchange capacity through 200 ml of a chlorine type anion

exchange resin (LEWATIT MP 500).

Water was added to the above separated cesium salt to form a 15 %
aqueous solution (hereinafter refefred to simply as the aqueous solution
A). Phosphoric acid ion concentrétion of the aqueous solution A was
54.7 mg/ml. Successively, 100 ml of the aqueous solution A and 200 ml
of the above OH type anion exchange resin were charged to a flask and
stirred for 15 minutes to adsorb phosphoric acid ion. The mixture was
filtered.

The aqueous cesium hydroxide solution thus obtained had purity of 98
% by weight and contained a very small amount of cesium salt (1.10
mg/ml as phosphoric acid ion concentration ). The recovery rate of
cesium was 99 ¥.

Example 2

To a reaction vessel containing 7850 g of crude polyoxyalkylene
polyol obtained in Example 1, 1300 g of ethylene oxide was gradually
charged at 105 °C under an internal pressure of 4 kg/cm®G and reacted
for 4 hours. |

After finishing the reaction, the reaction mixture was neutralized
with phosphoric acid by the same procedures as carried out in Exémple
1. and dehydrated. Deposifed cesium Salt was removed. Thus purified
polyoxyalkylene polyol had a hydroxyl value of 24 mgKOH/g and viscosity
of 1300 cps/25 C. |

Water was added to the separated cesium salt to form a 15 % aqueous
solution (hereinafter referred to as an aqueous solution B).
Successively, 100 m! of the aqueous solution B and 200 ml of an OH type

anion exchange resin (LEWATIT MP 500) obtained by the same procedures as
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Exenﬁlary al kali metal conpound catal ysts which can b@sgﬁaghimwﬁﬁ lace

i nvention include netallic sodium sodi um hydroxi de, SS|um
pot assi um hydr oxi de, netallic rubidium rubidium hydrii’!ﬂ& uﬂf’w

cesium cesium hydroxi de and nonohydrate of sodluqlhy I um
hydr oxi de. rub|d|un1hydrOX|de and’ Ge5|uni%ydrOX| e. Preferred catalysts are

I 1
and hyar of S5 (44" Bhac i EXE £ “"é‘*ﬁb‘?hagﬁéﬁeﬁéd“f@%%{%ﬂs SR
f
The ‘r’rSLtCS?*ef“?rWﬂ“ %OH“?%’Q'?? Fol e r"oi?@@"%r?E‘Z’“‘rﬁ‘&n@%%?g%’”ﬁ“

It Qs desig ech gt afh ofaat%mtl%naf)? é’é’sdﬁﬁu h9dAskiaeti ve hydrogen conpound

initiator or a polyoxyal kyl ene polyo succe35|vely heat dehydration or

dehydr ogenat i Tk a3ue0@sUsdsidnt ﬁy@PJWQFet sohet a6l inad ply UM 990KDBYNGE Kght
al cohol ate, and then addition polynerization of al kylene oxide is carried

out. Thesgn¢adctyihed dhomeyesmallonnauft Of cesded soltint qne fevovelne rate of
pol ymeri zation of al kyl ene oxide, when desired. No particular restriction

i s i nposedespumn wagu86 %f the al kali netal conpound catal yst obtained from
~the recovery step of the invention. The amount of the al kali netal
conpound catalyst is preferably in Example 3
To a reaction vessel containing 500 g of pentaerythritol-P0O addition
product having a hydroxy!l value of 450 mgKOH/g, 70 g of a 50 ¥ aqueous
cesium hydroxide solution was charged as a catalyst. PO was added by
the same procedures as carried out in Example 1. After finishing the
reaction, the unreacted PO was removed from the reaction mixture under
reduced pressure to obtain 7900 g of a crude polyoxyalkylene polyol.
The crude polyoxyalkylene polyol was neutralized with phosphoric
acid by the same procedures as carried out in Example 1 and dehydrated
to remove deposited cesium salt. Thus purified polyoxyalkylene polyol
had a hydroxyl value of 28 mgKOH/g and viscosity of 1400 cps/25°C.
Water was added to the separated cesium salt to form a 15 ¥ aqueous
solution (hereinafter referred to as an aqueous solution C).
Successively, 100 ml of the aqueous solution C and 200 ml of a OH type
anion exchange resin (LEWATIT MP 500) obtained by the same procedures
as carried out in Bxample 1 were charged to a flask and stirred at 20°C
for 15 minutes to adsorb phosphoric acid ion. The mixture is filtered
to obtain an aqueous cesium hydroxide solution. The aqueous cesium
hydroxide solution had purity of 98 % by weight and contained a very

small amount of cesium salt. The recovery rate of cesium was 96 ¥.
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_fhe rhnge of 0.01 - 5 parts by weight for 100 parts by wei ght of

pol yoxyal kyl ene pol yol after finishing the addition poI gg‘ka%&hgg Oﬁmmd
al kyl ene oxi de. The crude pol yoxyal kyI ene pol yol s m
on

i ncl ude those having any nol ecul ar WEIth 1%t ch are- obt

pol ymeri zation of al kyl ene oxi de on a known active hydro

initiator in the presence of the al IEZrMP hivtdal conpound catalyst The_knomn
active hydrogﬁn conpound $n|t|ato S |n§ @ for neth%nol

et hanol . ~ but 218! S&Md PEORRILNESNARYIRSCE 1aE poIE§a’“N‘b3ylaéﬁeca”le out except
REPLACE S

T - but antA b7 & &ndf At B 8 o FHEAUS T 4P kb hremldepéﬂ?alm Hrsi £Bpreed as a

o o e T A B s IPASREDRIRL W ron. e
finishing the reaction, the unreacted PO is removed from the reaction
mixture. Crude polvoxyalkylene polyol thus obtained is 9820 g.

Neutralization is conducted by adding 5 % by weight of water and an
equimolar amount of phosphoric acid to rubidium hydroxide to the crude
polyoxyvalkylene polyol obtained. Thereafter, water is removed to
deposit rubidium salt. The deposited rubidium salt is separated and
purified polyoxyalkylene polyol is obtained.

Water is added to the separated rubidium salt to form a 15 ¥ aqueous
solution (hereinafter referred to as an aqueous solution D).
Successively, 100 ml of the aqueous solution D and 200 ml of the OH
type anion exchange resin obtained by the same procedures as carried
out in Example 1 are put in a flask and stirred at 20 °C for 15 minutes
to adsorb phosphoric acid ion.

The mixture is filtered to obtain an aqueous rubidium hydroxide
solution having purity of 97 ¥ by weight and containing 2 very small
amount of rubidium salt. The recovery rate of rubidium is 95 X.

Example 5

The same procedures as described in Example 1 are carried out except
that 40 g of a 50 ¥ aqueous potassium hydroxide solution is charged as
a catalyst in place of the 50 ¥ aqueous cesium hydroxide solution.
After finishing the reaction, unreacted PO is removed from the reaction
mixture. Crude polyoxyalkylene polyol thus obtained is 9820 g.

Neutralization is conducted by adding 5 ¥ by weight of water and an
equimolar amount of phosphoric acid with potassium hydroxide to the

crude polyoxvalkylene polyol obtained. Thereafter water is removed to
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al karlol ani nes; ethyl ene di ani ne and other aliphatic arrimi@gﬁee@f;ghgeggeplaced

tol yl enedi am ne, di pheny. | net hanedi am ne and other aro
bi sphenol A, novol ac and ot her phenol conpounds; and Warra Mﬂﬁm
wei ght pol yoxyal kyl ene pol yol s obtai nedi®y addi ng, sever dl

al kyl ene
known net
Crude pol
addi tion
initiator

HHuIar

oxi de to these active hydrogen conmpound initiators by wusing a

9 sGanpat £ ika uaiesi.. asTpaCeyEs NYEH Q997 sSPAR NG isNsEp ALV and

yoxyal kyl ene pol yol is obtained by conducting ring-opening

RAliY 7ed | ZAlyoR¥Pa Phy [@hkYpEN® 10X5 deb Qi nlelde active hydrogen conpound
in the presence of the alkali nmetal conpound catalyst. A portion

of term nal MWabreaxyi graddes ith Rdley @eypalristledne o tRglsiam Bag tstbucbumeaols ¥
al kali metal al coholate. Both honmenade and

aqueous solution (hereinafter referred to as an aqueous solution E).
Successively, 100 ml of the aqueous E and 200 ml of the OH type anion
exchange resin obtained by the same procedures as carried out in Example
1 are charged in a flask and stirred at 20 °C for 15 minutes to adsorb
phosphoric acid ion. The mixture is filtered to obtain on aqueous
potassium hydroxide solution having purity of 97 ¥ by weight and
containing a very small amount of potassium salt. The recovery rate of
potassium is 95 %.
Example 6

Neutralization was conducted by adding 5 ¥ by weight of water and an
equimolar amount of phosphoric acid with cesium hydroxide to the crude
polyoxyalkylene polyol prepared by the same procedures as described in
Example 2. After neutralization, water was removed and cesium salt was
separated by filtration.

The separated cesium sait contained 40 ¥ by weight of adhered
polyvoxyalkylene polyol. Water having temperature of 70 °C was added to
the separated cesium salt, the resulting mixture was stirred at 80 C
and allowed to stan . The mixture separated into two layers. The
lower layer was an aqueous cesium phosphate solution. The lower layer
was isolated and water was added into the isolated layer so as to form
a 15 X aqueous cesium phosphate solution (hereinafter referred to as an
aqueous solution F).

The aqueous solution F had a phosphoric acid ion concentration of
63.2 mg/ml. Successively, 100 m! of the aqueous solution F and 200 ml
of the OH type anion exchange resin (LEWATIT MP 500) obtained by the

same procedures as carried out in Example 1 were placed in a flask and
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pur chased pol yoxyal kyl ene pol yol s can be used. Ex el st Had Bekh Rfaced

oxi des which can be used in the invention include, prop 4 i
et hyl ene oxi de, butyl ene oxide, styrene and ot her knovvn1 FIHIH ms.
These al kyl ene, oxi des can be used,singly or.i'n.conbihat ] '
particular limtation is put upon the. amblnt bf. al'kyl ene oxide which is
pol ynmeri zed by additjon_ However, the preferred amunt is. usuallg i n the
range of $tirTgd abl e&- Ferfofolld @ﬂ“&tﬁ9dF6x943%ﬂQJ Gsphoris 2€ifyEOhyarbtfen
conpound initiator. The addition polynerization can .be carried,out .
usi ng a kfdkhUAet KBS Ehh%ﬁrQ4oﬁﬁaP%ééﬁﬂi?Foﬁ%qeous qgédﬂ@bﬁﬂ?é?ﬁbﬂeo?°E$h£&9
pol yoxyal kyl ene pol yol cap.,bg conducted b addi.ti.q f e d

neutral i z:ﬁﬁﬁlﬁéeﬁ'fr%r‘y toﬁegpeﬁpl@f aﬁel}rgiﬁr ahéecq)r&almng 2 ¥R nat1%alount of

cesium salt (phosphoric acid ion concentration of 1.26 mg/ml). The

recovery rate of cesium was 90 %.
"~ Example 7
Neutralization was conducted by adding 5 % by weight of water and an
equimolar amount of phosphofic acid to cesium hydroxide to the crude
polyoxyalkylene polyol prepared by the same procedures as carried out in
Example 3. After neutralization, water was removed and cesium salt was
isolated by filtration.

The separated cesium salt had 40 X by weight of adhered
polyoxyalkylene polyol. Watgr having temperature of 70 °C was added to
the separated cesium salt, the resulting mixture was stirred at 80 °C
and allowed to stand. The mixture was separated into two layers. The
lower layer which was an aqueous cesium phosphate solution was isolated
and water was added into the isolated layer so as to form a 15 ¥ aqueous
cesium phosphate solution (hereinafter referred to as an aqueous
solution G). The aqueous solution G had a phosphoric acid ion
concentration of.63.2 mg/ml. | _

Successively, 100 ml of the aqueous solutidn G and 200 ml of the OH
type anion exchange resin (LEWATIT MP 500) obtained by the same
procedurgs as carried out in Example 1 were charged in a flask and.
stirred at 20°C for 15 minutes to adsorb phosphoric acid ion. The
mixture was filtered to obtain an aqueous cesium hydroxide solution
having purity of 98 % by weight and a very small amount of cesium salt
(phosphoric acid ion concentration of 1.26 mg/ml). The recovery rate

of cesium was 75 %.
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50- 120C. Industrial water, ion exchanged water or distilled water canbe—
used dependi ng upon the object. The amobunt of water is Th8$maﬂm

- 8 preferably in the range of 0.05- 30 parts by melght pecn h%ﬁ
crude pol yoxyal kyl ene pol yol . . Exenplary neutralizin aw
m neral acids such as phosphoric- aC|d-lﬁydrochIortc aci d,

sul furous acid carbonic acid; and -organi c aci ds such as: forn1c aC|d

oxal lic acid, succinic acid, aceticE®amrdeald maleic acid. These

neutralizing_agents can be used S|ng or i.n caonbi nation. f t he
¢/ 4 dnéapp] 5

above neut r afi& IueALS rcest hB Y drogé iﬂ]lé‘trbbl‘ y‘tﬁ@)?épﬁ @4Heaso
be subjected to agisrptlon treat nen an adsor bent g.
Synt het | $or#dri8i fim ¥afi el &R I 3k @ﬁ}adgeénaéqﬁﬁgu§d§5§b%ﬁthéﬁﬂ°¥b g

mar ket ed s%qdﬂorf %eav}-rrlgadceoncenkratxoncv} 50 % by weight.

To a nitrogen substituted reaction vessel, 150 g of glycerol as an
active hydrogen compound initiator and 113 g of the 50 % aqueous cesium
hydroxide solution obtained above were charged. Successively, the
mixture was heated to 105°C and dehydrated under reduced pressure of 10
nmHg until the dehydration rate exceeded 90 %¥. Thereafter 9650 g of PO
was gradually charged at 105 °C under pressure of 4 kg/cm® and reacted
for 13.5 hours. After finishing the reaction, the unreacted PO was
removed under reduced pressure to obtain 9820 g of crude polyoxyalkylene
polyol.

Neutralization was conducted by adding 5 % by weight of water and an
equimolar amount of phosphoric acid to cessium hydroxide to the crude
polyoxyalkylene polyol. After neutralization, water was removed and
deposited cesium salt was filtered off to obtain purified
polyoxyalkylene polyol. The purified polyoxyalkylene polvol had a
hydroxyl value of 28 mgKOH/g and viscosity of 1100 cps/25°C. The
product was the same in qualities as obtained in Example 1.

_ Example 9

To a nitrogen substituted reaction vessel, 300g of glycerol as an
active hydrogen compound initiator and 80 g of the 50 ¥ aqueous cesium
hydroxide solution were charged. Successively, the mixture was heated

to 105°C and dehydrated under reduced pressure of 10 mmHg until
dehydration rate exceeded 90 %. ~ Thereafter 1360 g of PO was gradually
charged at 105 °C under pressure of 4 kg/cm®G and reacted for 150
minutes. After finishing the reaction, the unreacted PO was removed

from the reaction mixture to obtain 1700 g crude polyoxyalkylene polvol.
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AD60ONS. AD600B and AD 300( manufactured by Tomta Pharnaceutlcal Co., Ltd.
and KYOMAD 400 and 600 (nanufactured by Kyowa Cheni calThi ee@Beplactdd )
The al kyl ene oxi de pol yneri zation catal yst used for the

pol yoxyal kyl ene pol yol in the invention can be recovere

process. The pH value is adjusted 199¢3.0- 9.0. by adding mater an
neutralizing agent to crude pol yoxyal kyl ene pol yol obtai ned by polyner|2|ng

al kyl ene oxiwig tird 1§ bgt Mnew@%n%ce@d adgauhim@tsalx 6PNRAYNY o Caiadlysind Vel er
is removed by heating to - 120[err] under reduced pressure, and

deposi tedqaiifalar n@icﬂintsalft ph@sﬁmdﬁweachdv\%eces sumdriet otxd deheof thé egiae
al kali nmetal salt to obtain an aqueous solution of the alkali netal salt.

However, palgoryaliayband pefl ypd) yok§ed kyleartaafjdzgblomswaltley adher esoved tdred
al kali metal salt. Thus, water or a m xture of water and an organi c sol vent
i s addeddepos hted idesdumdsal tkatais sepatatel.t, Watbe wassalddehgt arithieusepasa it ded
by stirring usually at 10 - 100 [err]C and is preferably allowed to stand.
The mi xt eeeiis seldartat barn at d5a% patueonsas il tdea Hadayesus] ayé\ltmdﬂanhwuebus
solution layer of the

a phosphoric acid ion concentration of 54.5 mg/ml.

Successively, 100 ml of the aqueous solution H and 200 ml of the OH
type anion exchange resin (LEWATIT MP 500) obtained by the same
procedures as carried out in Bxample 1 were charged in a flask and
stirred at 20°C for 15 minutes to adsorb phosphoric acid ion. The
mixture was filtered to obtain an aqueous cesium hydroxide solution
containing a very small amount of cesium salt (phosphoric acid ion

concentration of 1.09 mg/ml).

However, these examples are not intended to limit the scope of the
present invention. This may be practiced or embodied in still other

ways without departing from the spirit or essential character thereof.
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~-9- alkali netal salt. The aqueous solution |ayer of the alkali netal salt
Is isolated and brought into contact with an OH type ani on exchange resin

to recover the alkali netal hydroxide by adsorbing a m.neral acid anion or
organi c acid anion. Exenplary organic sol vent,s whi'ch can be wused for the

m xture of water and the organic sol ventsg, to be added—include n-hexane and
ot her aliphatic hydrocarbons; cycl opentane and other al jiﬁ/c' I C

hydr ocar bons; benzene, toluene and oth L Wﬁmatic hyd Beeg Replased bon
tetrachl oride. chloroform rmethylene chldM%e m”l”",

1. A preparation process of polyoxyalkylene polyols comprsising:

® a neutralization step for adding a neutralizing agent composed
of water and a mineral acid or an organic acid to crude polyoxyalkylene
polyol containing an alkali metal compound catalyst.

® a desalting step for dehydrating and drying the liquid obtained
in @ and thereafter removing a deposited alkali metal salt by
filtration,

® a recovering step of an alkylene oxide polymerization catalyst
used for preparing polyoxyalkylene polyols by bringing the alkali metal
salt obtained in ® into contact with an OH-typg anion exchange resin
in the form of an aqueous alkali metal salt solution and conducting ion
exchange by adsorption of a mineral acid anion or an organic acid anion,
and

@ a preparing step of polyoxvalkylene polyols comprising
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of the alkylene
oxide polymerization catalyst which is recovered in ®.
2. A preparation process of polyoxyalkylene polyoisas claimed in claim
1 wherein the alkali metal compound catalyst is metallic cesium, cesium
hydroxide or cesium hydroxide monohydrate.
3. A prepération process of polyoxyalkylenepolyols as claimed in claim
1 wherein the alkali metal compound catalyst is metallic rubidium,

rubidium hydroxide or rubidium hydroxide monohydrate.

A




adhered to the alkali netal salt and separated into ove
process can be added to the crude pol yoxyal kyl ene poI
pol yneri zation. Thus, the |oss of'poléggyalkylene poI
purification step is favorably reduce No particular lim atlon S

t
art o b hcaRATTRN FeShscht ‘0anBRRERY Gt VA o TRt W ETain,
I's usual Ly yh ?E?ﬁrﬁfﬁ a%uhé‘u@sf‘olurtfiﬂﬂe?(f)fttfk (&]!k 199 %/B:ﬁy W ORE - bt':a‘ﬁ‘ﬂ@d by

t hough an aqueous sol utiion of the al i neta sa as concen rati
outside ofqdlilg, raNge theedesPiEqls step @ of claim 1. water or a mlxture of

water and an organic solvent to a mixture of an alkali metal salt and

and ot her hal ogenat ed hydrocarbons. The pol yoxyal n EEEE mh chis

polyoxyalkylene polyol, and by separating into a polyoxyalkylene polyol
layer and a layer of the aqueous alkali metal salt solution.

5. A preparation process of polyoxyalkylene polyols as claimed in claim
4 wherein the alkali metal compound catalyst is metallic cesium, cesium
hydroxide or cesium hydroxide monohydrate.

" 6. A preparation process of polyoxyvalkylene polyols as claimed in claim
4 wherein the alkali metal compound catalyst is metallic rubidium,
rubidium hydroxide or rubidium hydroxide monohydrate.

T. A recovering process of an alkylene oxide polymerization catalyst
comprising the neutralization step @. the desalting step @ and the
recovering step @ of claim 1.
8. A recovering process of an alkylene oxide polymerization catalyst as
claimed in claim 7 wherein the alkali metal bompound catalyst is
metallic cesium, cesium hydroxide or cesium hydroxide monohydrate.
9. A recovering process of an alkylene oxide polymerization catalyst as
claimed in claim 7 wherein the alkali metal compound catalyst is
metallic rubidium, rubidium hydroxide or rubidium hydroxide monohydrate.
10. A preparation process of polyoxyalkylene polyols comprising:

(i) a preparation step of crude polyoxyalkylene polyols by
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of an alkali metal

compound catalyst,

(i)a neutralization step for adding a neutralizing agent composed

of water and a mineral acid or an organic acid to the catalyst




matteér of the invention is not inpaired. The ani on exchange resin

whi ch can be preferably used in the invention has a structure conpristnga
styrene-di vi nyl benzene copolynmer as a carrier and a quaternary anmoni um
salt conpound on the side chain as an ion exchange gr oufhs SheasHasBesntReplaced

nor phol ogy of the resin, both gel type and nacroporous t nge

resins can be used for the invention. Such types of ion are

mar ket ed under the trade mark of LEWATIZ2 MP 500, M 500, , 0 and

MP 500A (manufactured by Bayer Ag.). DI AlON PA 406. PA 408 and PA 412

(manuf actured by M tsubishi Kasei Co. Ltd.). AMBERLITE | RA 430. | RA 458
preparation step,

(fi)a desalting step for dehydrating and drying the liquid obtained
in the neutralization step and thereafter removing a deposited alkali
metal salt by filtration,

(iv)a recovering step of an aqueous alkali metal hydroxide solution
by preparing an aqueous solution from the alkali metal salt obtained in
the desalting step, bringing the aqueous solution into contact with an
OH-type anion exchange resin, conducting ion exchange by adsorption of a
mineral acid anion or an organic acid anion, and adding a required
amount of the alkali metal compound catalyst to the aqueous alkali metal

hydroxide solution obtained in the recovering step so as to feed the

resulting mixture of the catalysts to the preparation step (i).

UL
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-10 - and I RA 900 (manufactured by Rohm &Haas Co. Ltd.)
exchange resins are used after conve ting a portion or
t hrough a conventionally known neans to the CH type
t he quaternary ammoni um cati on.
resins which were already converted ta ghe OH type can be used as such.
upon the use tenperature of the ion

particular restriction is inpo
exchange resin. The resin is
10-100 [err]C.
solution of the
exchange resin

al kali net al

On the ot her

sed

These ani on
t he whol e of them
as a counter anion of
hand, mar keted ani on exchange
No

usuall sed in,the range of preferably
bngbg ?bﬁﬁgﬁfﬁd by passing the aqueous

| on exchange®c

salt through a colum packed with the ion

Preparation Process of Polyalkylene Polyols

An alkali metal compound such as metallic cesium,
cesium hydroxide monohydrate,

rubidium hydroxide monohydrate

metallic rubidium,

is used as a catalyst,

cesium hydroxide,
rubidium hydroxide or

crude

polyoxyalkylene polyol containing the catalyst is neutralized with a
mineral acid or an organic acid, an aqueous solution layver containing an
alkali metal salt is brought into contact with an anion exchange resin
to adsorb mineral acid anion or organic acid anion, the alkali metal

compound catalyst is recovered, alkylene oxide undergoes ring-opening

addition polymerization on an active hydrogen compound in the presence

of the recovered alkali

polyoxyalkylene polyol.

and reused,

provides a favorable process in economy.

the catalyst is thereafter separated.

metal compound catalyst to prepare

recovered

and such recycle of the alkali metal compound catalyst
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vessel . - The aqueous solution of alkali netal salt is

converted to an aqueous sol ution of alkall met al hydr oxi de
.the aqueous solution of alkali netal hydfoxi de can be used.
after concegggaﬁéfgkgp g dgﬁlred concentrati or§ Qg
al kyl ene oxic eeasEﬁu15§§ alt nmetal conpound catalyst“' Fur t}he s\l

. sol ution ofMakkaiiwdnw@alch@deEMsde[na dehydrated and can:alsggnﬁ’féfg;>
the formof solid alkali metal hydroxide as the alkali
catalyst in the preparation of the above polyoxyal kyl ene pol yol .
al kali metal conpound EBRPARYEIONtRROSESS BB RPE¥ET AL hﬂﬁépﬂb@éﬁas a
pol yneri zati on catal yst of al kyl ene oxide in

The

The present invention relates to a process for recycling a catalyst
used for preparing polyoxyalkylene polyolsand a preparation process of
the polyoxyalkylene polyols. More particularly. the invention relates
to a process for recycling the polymerization catalyst of alkylene
oxide in the preparation of a polyoxyalkylene polyol which is used for a
raw material of polyurethane resin and a surface active agent, and to a
preparation process of the polyoxyvalkylene polyol by ring-opening
addition polymerization of alkylene oxide in the presence of the recycled

catalyst.

mlMallqlme polyols which are used for a polyurethane raw material
are usually prepared by conducting'ring-opening addition polymerization
of alkylene oxide on an active hydrogen compound initiator in the
presence of an alkaline catalyst. In the preparation of polyoxyalkylene
polyols, various suggestions have been conventionally made concerning
the improvement of their productivity and product qualities.

It has been known in the preparation of polyoxyalkylene polyols that
an alkylene oxide increases it’s rate of addition polymerization when tte
alkylene oxide has a high concentration in the reaction., when the
reaction temperature is high, and when the amount of the polymerization
catalyst. i.e.. an alkali_metal compound, is increaséd. Inprovement of

productivity by such methods increases at the same time the content of

an unsaturated bond due to a side reaction.
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‘tHRe prieparation of pol yoxyal kyl ene pol yol, recovered and used again for
the preparation of polyoxyal kyl ene pol yol as the polynerizgti tyst
of al kyl ene oxi de. Pol yoxyal-kyl ene_pol yol can be prep rfﬁ?k@ﬁgbﬁhiﬁHéﬁT
the al kyl ene oxi de pol yneri zati on cafa?yét from crude pol yoxyal kyl ene
pol yol and further i ripcati pre ' 90

g (ISP L BORE Yha RS TEGRYGRAL WIELPLERBLEM 37 DFPBaTS96

t he sane as a above neéntioned crude pol'yoxXya
However. reaction of propylene oxide., a kind ofldlkylene oxide, and has a

e O R

terminal double bond. The monol gives an adverse effect J;mIHZ“EEZTTT?"“
of prepared polyoxyalkylene polyol and leads to unfavorable results
such as reduction in physical properties of polyurethane resins.

Consequently, the effect of polymerization conditions on the
increase in the monol formation has been studied. It has been reported
in Kobunshi Ronbunshu, 50, No. 2, 121~126, (1993) that high
temperature reaction gives the largest effect on the increase in the
unsaturated bond, and that the concentration of alkylene oxide and the
concentration of potassium hydroxide polymerization catalyst has a
relatively small influence on the formation of unsaturated bond.
However., limitation is imposed upon the pressure resistance of a
reiction vessel and the concentration of alkylene oxide is relatively
difficult to increase.

It can be carried out with extreme ease to raise the concentration
of potassium hydroxide polymerization catalyst. The polymerization
catalyst, however, is separated after reaction from crude
polyoxyalkylene polyol by neutralization with an acid or washing with
water and is thereafter abandoned. Consequently, the increase in
amount of the potassium hydroxide polymerization catalyst gives an
adverse effect on the material balance due to adhesion of the product to
the salt which is formed by neutralization of the polymerization
catalyst or due to the increase in amount of the washing water and leads
to elevation of product cost.

USP 3,393,243 has proposed a process for reducing the amount of
unsaturated bonds in polyoxyalkylene polyols by using an alkali metal
compound other than potassium hydroxide as a polymerization catalyst.

Mono!l formation is suppressed in the case and the process is
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neutralization agent composed of water and oxalic acid, dehydrated and
filtered to remove the cesium salt. However, no description is found
on the recycling of the-cesium compound catalyst. The cesium compound
is very éxpensive and the process has a defect of being less econoqical.

Various techniques for recycling the cesium compound catalyst have
been investigated. For example, crude polyoxyalkylene polyol by
polymerization in the presence of a cesium compound catalyst is
neutralized by adding an organic acid such as oxalic acid and water.
The cesium salt thus obtained is separated. A mixture of the separated
cesium salt and the polyoxyalkylene polyol adhered thereto is calcined
to form cesium oxide, cesium oxide is successively hydrated to recover
cesium hydroxide, and the recovered cesium hydroxide is reused as a
polymerization catalyst for preparing a polyoxyalkylene polyol. The
process, however, has a problem of cost increase resulting from burning
off the organic acid for use in neutralization and a problem of fuel
cost required for the calcination, and is thus unfavorable for cost
reduction. .

In another technique, the crude polvoxyalkylene polyol as intact
which is obtained by polymerization in the presence of a cesium
compound catalyst, or an aqueous solution of a cesium salt obtained by
neutralizing the crude polyoxyalkylen polyol with an organic acid and/or
a mineral acid and water, is brought into contact with a cation

exchange resin to adsorb a cesium ion to the cation exchange resin.



~(Fii) 'a desalting step for dehydrating and drying the liquid obtained in

the neutralization step and thereafter renoving a deposited al kal i _

salt by filtration. (iv) a recovering step of an aqueo
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catalyst of alkylene oxide because the eluent contaminates the aqueous

solution of cesium hydroxide and decreases purity of cesium hydroxide.

The object of the invention is, in the preparation of a crude
polyoxyalkylene polyol by polymerization of an alkylene oxide in the
presence of an alkali metal compound catalyst, to provide a process for
recycling a catalyst with efficiency and economy, and further to
provide a process for preparing the polyoxyalkylene polyol by reusing
the recovered catalyst.

This object was achieved on the basis of the

surprising finding that, in a process for
preparing polyoxyalkylen polvol by polymerization of alkylene oxide in
the presence of an alkali metal compound catalyst, the alkylene oxide -
polymerization catalyst used for preparing polyoxyalkylene polyol can
be recycled with efficiency and economy from the alkali metal salt
obtained by neutralization of crude polyoxyalkylene polyo!l with a
mineral acid or an organic acid, and that the recovered alkylene oxide
polymerization catalyst can be reused for the preparation of
polyoxyalkylene polyols comprising

That is, the first aspect of the invention is a preparation process
of polyoxyalkylene polyol comprising

® a neutralization step for adding a neutralizing agent composed of
water and a mineral acid or an organic acid to crude polyoxyalkylene

polyol containing an alkali metal compound catalyst,



“WFse Or continuously. The present invention will h ' o
Illustrated by way of exanples and conparative exanpl es. REPLACEMENT SHEET
Exanmple 1 To a nitrogen substituted reaction vessel, 150 Ig of QIrycerot
~as an active hydrogen conpound injtiq;?r_and 113 g of a 5 OoaggpQHF 1996
cesi um hydroxide solution as a catal yst were charged. Sucdegsively hg

m xture was @eatdedal bingd5tgeriny Genydradeimgdaat ett yinglerher &iqdiad-opteimedin-of....
10 mHg until a dehydration rate exceeded 90 % Thereaftér 9650 g of
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@ a recovery step of an alkylene oxide polymerization catalyst used

for preparing polyoxyalkylene polyol by bringing the alkali metal salt
obtained in @ into contact with an OH-type anion exchange resin in the
form of an aqueous solution of the alkali metal salt and conducting ion
exchange by absorption of a mineral acid anion or an organic acid anion,
and

@ a preparation step of a polyoxyalkylene polyol comprising
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of  the
polymerization catalyst which is recovered in @®.

The second aspect of the invention is .a preparation process of
palyoxyalkylene polyols comprising that the aqueous solution of the
alkali metal salt is obtained by adding, after the desalting step @ of
the first aspect of the invention, water or a mixture of water and an
organic solvent to a mixture of an alkali metal salt and the
polyoxyalkylene polyol, and by separating into a polyoxyalkylene polyol
layer and the layer of the aqueous alkali metal salt solution.

Further, the third aspect of the invention is a recovering process
of an alkylene oxide polymerization catalyst comprising the
neutralization step @, the desalting step @, and the recovery step
@ in the first aspect of the invention.

According to the process of the ihvention. the alkylene oxide
polymerization catalyst can be recycled with efficiency from a purified
salt obtained from crude polyoxyalkylene polyol and polyoxyalkylene

polyols can be prepared with economy by reusing the recovered catalyst.



-charged at 105 [err]C under internal pressure of 4 kg/cnferr]G and reacted
for 13 hours. After finishing the reaction, the unreacted PO was re
fromthe reaction m xture under reduced pressure to obtaifn ﬁ_ Emggﬁfﬂ&ﬁﬁd
pol yoxyal kyl ene pol yol . Next, .t he crude polyoxyalkyleﬁ
neutralized by adding 10 % by melght of  water- for the erudg oI oxxaéggl n
pol yol and an equi nol ar anount of phosphoric acid to cesijum & k
After neutralization, water was renoved € rom crude poly y?Ikerne
and deposi tedaﬁﬁﬁlumﬁ'ktalmt%@p@aﬁo%d E’waufyls,esi mlcuo bV &dte inotyo!
t hus obtai ned by renoving the cesiumsalt had a hydroxyl Vvalue.of.-28——
mgKOH g and awiesoiod Vi mf uldeOGhet@s/1A5C.sodium, sodium hydroxide, metallic

potassium, potassium hydroxide, metallic rubidium, rubidium hydroxide,
metallic cesium cesium hydroxide., and monohydrate of sodium hydroxide,
potassium hydroxide, rubidium hydroxide and cesium hydroxide. Preferred
catalysts are metallic rubidium, rubidium hydroxide, metallic cesium,
cesium hydroxide and hydrates of these hydroxides. More preferred
catalysts are metallic cesium, cesium hydroxide and hydrates thereof,
monohydrate in particular. The most preferred catalysts are cesium
hydroxide and its monohydrate.

It is desired that these catalysts are added to an active hydrogen
compound initiator or a polyoxyalkylene polyol, successively heat
dehydration or dehydrogenation is conducted to convert the active
hydrogen compound to alcoholate, and then addition polymerization of
alkyléne oxide is carried out. These catalysts, however, can also be
used as intact for the polymerization of alkylene oxide, when desired.
No particular restriction is imposed upon reuse of the alkali metal
compound catalyst obtained from the recovery step of the invention.

The amount of the alkali metal compound catalyst is preferably in
the range of 0.01 ~5 parts by weight for 100 parts by weight of
polyoxyalkylene polyol after finishing the addition polymerization of
alkylene oxide.

The crude polyoxyalkylene polyols of the invention include those
having any molecular weight which are obtained by addition
polymerization of alkylene oxide on a known active hydrogen compound
initiator in the presence of the alkali metal compound catalyst. The
known active hydrogen compound initiators include, for example,

methanol, ethanol, butanol and other monohydric alcohols; propylene



“REPLACEMENT SHEET - 3- Next, an anion
exchange resin was converted to OH type by passing 7 %
sodi um hydroxi de sol ution of which anount is 50 tines hEEmdﬁEMENﬁdhﬁﬁT
capacity through 200 mM of a chlorine type anion exchahgg
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stirred for 15 mnutes to adsorb phosphoric acid ion. The ni xture was
alkanolamines; ethylene diamine and other aliphatic amines; aniline,
tolylenediamine, diphenyimethanediamine and other aromatic amines;
bisphenol A, novolac and other phenol compounds; and water. Low
molecular weight polyoxyalkylene polyols obtained by adding several
noles of alkylene oxide to these active hydrogen compound initiators by
using a known method can also be use¢ as active hydrogen compound
initiators. _

Crude polyoxyalkylene polyol is obtained by conducting ring-opening
addition polymerization of alkylene oxide on the active hydfogen
compound initiator in the presence of the alkali metal compound
catalyst. A portion of terminal hydroxy groups in polyoxyvalkylene
polvol has structure of alkali metal alcoholate. Both homemade and
purchased polyoxyalkylene polyols can be used.

Exemplary alkylene oxides which can be used in the invention
include, propylene oxide, ethylene oxide, butylene oxide, styrene and
other known alkylene oxides. These alkylene oxides can be used singly
or in combination.

No particular limitation is put upon the amount of alkylene oxide
which is polymerized by addition. However, the preferred amount is
usually in the range of 1 ~120 moles per mole of a hydroxyl group in
the active hydrogen compound initiator. The addition polymerization can
be carried out by using a known method under normal conditions.

Neutralization of crude polyoxyalkylene polyol can be conducted by
addition of water and a neutralizing agent in the temperature range of
50~120°C. Industrial water, ion exchanged water or distilled water

can be used depending upon the object. The amount of water is



fi'l ter'ed. The aqueous cesi um hydroxi de sol ution thus obtained had
purity of 98 % by weight and contained a very snall anmunt of cesjumsag

(1.10 ng/mM as phosphoric acid |on concentratlon )
cesiumwas 99%
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finishing the reaction, the reaction m xture was neutrilized W th
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dehydrated. Deposited cesiumsalt was renoved. Thus purified

pol yoxyal kyheaehpnigdcifadhidngeh bxgic aglide of 1 Dur hglaaidyg andfviecosiaiyd
carbonic acid; and organic acids such as formic acid, oxallic acid,
succinic acid, acetic acid and maleic acid. These neutralizing agents
can be used singly or in combination.

After the above neutralization treatment. the crude polyoxyalkylene
bolyol can also be subjected to adsorption treatment by using an
adsorbent, when desired. Synthetic magnesium silicate is preferably
used as the adsorbent and is marketed under the Trade Mark of TOMIX-
AD6OONS, AD600B and AD 300(manufactured-by Tomita Pharmaceutical Co.,
Ltd. and KYOWAAD 400 and 600 (manufactured by Kyowa Chemical Industry
Co., Ltd.)

»

The alkylene oxide polymerization tatalyst used for the preparation
of polyoxyalkylene polyol in the invention can be recovered by the
following process.

The pH value is adjusted to 3.0~9.0 by adding water and a
neutralizing agent to crude polyoxyalkylene polyol obtained by
polymerizing alkylene oxide in the presence of an alkali metal compound
catalyst, water is removed by heating to 50~120 °C under reduced
pressure, and deposited alkali metal salt is filtered. Water is added
to the filtered alkali metal salt to obtain an aqueous solution of the
alkali metal salt. However, a small amount of polyoxyalkylene polyol
usually adheres to the alkali metal salt. Thus, water or a mixture of
water and an organic solvent is added to the filtered alkali metal salt,
the resulting mixture is mixed by stirring usually at 10 ~100 °C, and
is preferably allowed to stand. The mixture is separated into a

polyoxyalkylene polyol layer and an aqueocus solution layer of the

| t
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-
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~of 1300 cps/25 [err]C Water was added to the separated_cesiumsalt{tg

forma 15 % aqueous solution (hereinafter referred to as |aREROAGRMENT SHEET

solution B). Successively, 100 m of thegaqueous solution |B
*an OH type ani on exchange resin (LEWATI'T°NMP 500) obt ai ned ly tE%§3ﬁ%g§”¥

n

phosphoric

procedures g%kali metal salt. The aqueous solution layer of ‘thé a
acid ion. iBhdsolated andadrbigitteriado tondttawdtAnamdiicdusebod idn @mchinge

Exanple 1 were charged in a flask n for 15 mnutes to adspr

cesi um hydr oxi de. The aqueous cesi um hydroxi de sol utio —pu-tty—of

99 % by weirgstn to recover the alkali metal hydroxide by adsorbing a mineral acid
anion or organic acid anion. Exemplary organic solvents which can be
used for the mixture of water and the ofganic solvents to be added
include n-hexane and other aliphatic hydrocarbons; cvclopentane and
other alicyclic hydrocarbons; benzene, toluene and other aromatic
hydrocarbons; and carbon tetrachloride. chloroform, methylene chloride
and other halogenated hydrocarbons.

The polyoxyalkylene polyol which is édhered to the alkali metal salt

and separated into a layer in the above process can be added to the
crude polyoxyalkylene polyol obtained by polymerization. Thus, the
loss of polyoxyalkylene polyol in the purification step is favorably -
reduced.
’ No particular limitation is imposed upon the concentration of the
aqueous solution of alkali metal salt to be treated with the anion
exchange resin. The concentration which is usually preferred is in the
range of 0.0l~ 50 % by weight. Even though an aqueous solution of the
alkali metal salt has concentration outside of the range, the subject
matter of the invention is not impaired.

The anion exchange resin which can be preferably used in the
invention has a structure comprising a styrene-divinylbenzene copolymer
as a car;ier and a quaternary ammonium salt compound on the side chain
as an ion exchange group. As to the morphology of the resin, both gel
type and macroporous type anion exchange resins can be used for the
invention. Such types of ion exchange resin are,ﬁarketed under the
trade mark of LEWATIT MP 500, M 500, M 504, MP 600 and MP 5004
(manufactured by Bayer Ag.). DIAION PA 406, PA 408 and PA 412
(manufactured by Mitsubishi Kasei Co. Ltd.). AMBERLITE IRA 430, [RA 458



~and contained a very small amount of cesiumsalt. The recovery rate of

cesiumwas 96 % Exanpl e .3 o |cab%
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- Thus purified QQlp¥exyahtod @7€tP@!¢i@lternary anmonium cation. On the other

hand, marketed anion exchange resins which were already converted to
the OH type can be used as such. No particular restriction is imposed
upon the use temperature of the ion exchange resin. The resin is
usually used in the range of preferably 10~100 °C.

Ton exchange can be conducted by passing the aqueous solution of the
alkali metal salt through a column packed with the ion exchange resin
or by stirring the aqueous solution with the ion exchange resin in a
vessel.

The aqueous solution of alkali metal salt is ion-exchanged and
coaverted to an aqueous solution of alkali metal hydroxide.
Consequently. the aqueous solution of alkali metal hydroxide can be used
as intact or after concentrating to a desired concentration for the
polymerization of alkylene oxide as an alkali metal compound catalyst.
Further, the aqueous solution of alkali metal hydroxide is dehydrated
and can also be used in the form of solid alkali metal hydroxide as the
alkali metal compound catalyst in the preparation of the above
polyoxyalkylene polyol. The alkali metal compound catalyst thus
recovered can be used as a polymerization catalyst of alkylene oxide in
the preparation of polyoxyalkylene polyol, recovered aﬁd used again for
the preparation of polyoxyalkylene polyol as the polymerization
catalyst of alkylene oxide.

Polyoxyalkylene polyol can be prepared by removing the alkylene
oxide polymerization catalyst from crude polyoxyvalkylene polyol and
further carrying out purification. The preparation process is the same

as that of the above mentioned crude polyoxyalkylene polyol. However,

t.
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~had a “hydroxyl value of 28 ngKOH g and viscosity of 140

was added to the separated cesiumsalt to forma 15 % aqu Sol-tH-+-eh

(hereinafter referred to as an aqueous solution C). Sudcessivel L

~ of the aqueous solution C and 200.m of a OHtype ahion excBanhd é@g

(LEWATI T MP 500) obtained by t he ‘sanme hkocedures as'‘car d out i n_Exanplle

| were char ed o a fIasE q stirred M. DuE es t adsorP
Ba Y

phosphor i ct Yb‘H‘e P& fi I“‘érféatf”’lnt 8Fgéﬁ wBbf’&lwﬁ%
hydr oxi de @%I EHanr}athe gqggg;é%gﬂé;r%gﬂ hAySXi S Sb el e t}ba%@u{]écto)ée 98

% by wei ght contal ne amount of cesium sal e recovery
rate of cesjdpmivape P& dfor the preparation of polyoxyalkylene polyol in the

ihvention. The form in use of the alkylene oxide polymerization

D

catalyst can be a dehydrated solid or an aqueous solution.

As the recovery ratio of the catalyst is lower than 100 % a new
alkali metal compound catalyst is supplemented to the recovered alkali
metal hydroxide catalyst according to the deficient amount of catalyst
for recycling use.

That is, a polyoxyalkylene polyol is prepared with a constant amount
by the following steps;

(i) a preparation step of crude polyoxyalkylene polvol for
conducting riné-opening addition polymerization of alkylene oxide on an
aztive hydrogen compound initiator in the presence of an alkali metal
compound catalyst, |

(i) a neutralization step for adding a neutralizing agent composed
of water and a mineral acid or an organic acid to the catalyst
containing crude polyoxyvalkylene polyol which is obtained in the
preparation step,

(i) a desalting step for dehydrating and drying the liquid obtained
in the neutralization step and thereafter removing a deposited alkali
metal salt by filtration, .

(iv) a recovering step of an aqueous alkali metal hydroxide solution
by preparing an aqueous solution from the alkali metal salt obtained in
the desalting step, bringing the aqueous solution into contact with a
OH-type anion exchange resin, conducting ion exchange by adsorption of a
mineral acid anion or an organic acid anion, and adding a required
amount of the alkali metal compound catalyst to the aqueous alkali metal

hydroxide solution obtained in the recovering step so as to feed the
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to deposit rubidiumsalt. The deposited rubidiumsalt is

separated and

wise or continuously.

The present invention will hereinafter be illustrated by way of

examples and comparative examples.

Bxample 1

To a nitrogen substituted reaction vessel, 150 g of glycerol'as an
active hydrogen compound initiator and 113 g of a 50 ¥ aqueous cesium
hydroxide solution as a catalyst were charged. Successively the
mixture was heated to 105 °C and dehydrated under reduced pressure of 10
mhHg until a dehydration rate exceeded 90 ¥. Thereafter 9650 g of
propylene oxide (hereinafter referred to simpli as P0) was gradually
charged at 105 °C under internal pressure of 4 kg/cm®G and reacted for
13 hours. After finishing the reaction, the unreacted PO was removed
from the reaction mixture under reduced pressure to obtain 9820 g of
crude polyoxyalkylene polyol.

Next. the crude polvoxyalkylene polyol was neutralized by adding 10
% by weight of water for the crude polyogyalkylene polyol and an
equimolar amount of phosphoric acid to cesium hydroxide. After
neutralization, water was removed from crude polyoxyalkylene polyol and
deposited cesium salt was separated. Purified polvoxyalkylene polyol
thus obtained by removing the cesium salt had a hydroxyl value of 28

ngKOH/g and viscosity of 1100 cps/25°C.



~purifi'ed pol yoxyal kyl ene pol yol is obtained. V?ter is(ﬁdded to the
- separated rubidiumsalt to forma 15 % aqueous sol ution erein

re?erred to as an aqueous solution D). Successively, 100 m of t Tﬁéﬁdﬁ%N@NT SHE
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Water was added to the above separated cesium salt to form a 15 %
aqueous solution (hereinafter referred to simply as the aqueous solution
A). Phosphoric acid ion concentration of the aqueous solution A was
54.7 mg/ml. Successively, 100 ml of the aqueous solution A and 200 ml
of the above OH type anion exchange resin were charged to a flask and
stirred for 15 minutes to adsorb phosphoric acid ion. The mixture was
filtered. |

The aqueous cesium hydroxide solution thus obtained had purity of 98
%X by weight and contained a very small amount of cesium salt (1.10
mg/ml as phosphoric acid ion concentration ). The recovery rate of
cesium was 99-%.

Bxample 2

To a reaction vessel containing 7850 g of crude polyoxyalkylene
polyol obtained in Example 1, 1300 g of ethylene oxide was gradually
charged at 105 °C under an internal pressure of 4 kg/cm%G and reacted
for 4 hours.

After finishing the reaction, the reaction mixture was neutralized
with phosphoric acid by the same procedures as carried out in Example
1, and dehydrated. Deposited cesium salt was removed. Thus purified
polyoxyaikylene polyol had a hydroxyl value of 24 mgKOH/g and viscosity
of 1300 cps/25 C.

Water was added to the separated cesium salt to form a 15 ¥ aqueous
solution (hereinafter referred to as an aqueous solution B).
Successively, 100 ml of the aqueous solution B and 200 ml of an OH type

anion exchange resin (LEBWATIT MP 500) obtained by the same procedures as



'a'éataTyst in place of the 50 % aqueous cesiun1hydroxide solution. After

finishing the reaction, unreacted PO is renoved from ﬂc J ]
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The aqueous cesium hydroxide solution had purity of 99 ¥ by weight

and contained a very small amount of cesium salt. The recovery rate of

cesium was 96 ¥%.

Example 3

To a reaction vessel containing 500 g of pentaerythritol-PO addition

product having a hydroxyl value of 450 mgKOH/g, 70 g of a 50 ¥ aqueous

cesium hydroxide solution was charged as a catalyst. PO was adﬁed by

the same procedures as carried out in Example 1. After finishing the

reaction, the unreacted PO was removed from the reaction mixture under

reduced pressure to obtain 7900 g of a crude polyoxyalkylene polyol.
A )

The crude polyoxyalkylene polyol was neutralized with phesphoric

acid by the same procedures as carried out in Example 1 and dehydrated

to remove deposited cesium salt. Thus purified polyoxyalkylene polyol

had a hydroxyl value of 28 mgKOH/g and viscosity of 1400 cps/25°C.

Water was added to the sepqrated cesium salt to form a 15 ¥ aqueous

solution Chereinafter referred to as an aqueous solution C).

Successively, 100 ml of the agqueous solution C and 200 m! of a OH type

anion exchange_resin (LEWATIT MP 500) obtained by the same procedures
as carried out in Bxample 1 were charged to a flask and stirred at 20°C
for 15 minutes to adsorb phosphoric acid ion. The mixture is filtered
to obtain an aqueous cesium hydroxide solution. The aqueous cesium
hydroxide solution had purity of 98 ¥ by weight and contained a very

small amount of cesium salt. The recovery rate of cesium was 96 ¥.



Subceséively 100 m of the aqueous E and 200 ml of the OH type anion
exchange resin obtained by the same procedures as carried out in Exanple 1
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smal | anmount of potassiumsalt. TheExamodeely rate of pgt sszsmihils'@?ﬁ

Exampl e 6 Neutral i zati on was conduct ed by addi ng 9
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t he crude aIk n are
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‘salt was rab . ned
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of 70 TerrfiGivasn@dd@drbsction, the unreacted PO is removed from the reaction

mixture. Crude polyoxyalkylene polyol thus obtained is 9820 g.

Neutralization is conducted by adding 5 ¥ by weight of water and an
equimolar amount of phosphoric acid to rubidium hydroxide to the crude
polyoxyalkylene polyol obtained. Thereafter, water is removed to
deposit rubidium salt. The deposited rubidium salt is separated and
purified polyoxyalkylene polyol is obtained. _

Water is added to the separated rubidium salt to form a 15 ¥ agueous
solution (hereinafter referred to as an aqueous solution D).
Swccessively, 100 ml of the aqueous solution D and 200 ml of the OH
type anion exchange resin obtained by the same procedures as carried
out in Example 1 are put in a flask and stirred at 20 °C for 15 minutes
to adsorb phosphoric acid ion.

The mixture is filtered to obtain an aqueous rubidium hydroxide
solution having purity of 97 ¥ by weight and containing a very small
amount of rubidium salt. The recovery rate of rubidium is 95 X.

Example §

The same procedures as described in Example 1 are carried out except
that 40 g of a 50 % aqueous potassium hydroxide solution is charged as
a catalyst in place of the 50 ¥ aqueous cesium hydroxide solution.
After finishing the reaction, unreacted PO is removed from the reaction
mixture. Crude polyoxyalkylene polyol thus obtained -is 9820 g.

Neutralization is conducted by adding 5 ¥ by weight of water and an
equimolar amount of phosphoric acid with potassium hydroxide to the

crude polvoxyalkylene polyol obtained. Thereafter water is removed to



‘tHe séparated cesiumsalt, the resulting mxture was stirred at 80 [err].

—~

~

and allowed to stand. The m xture separated into two | ﬁéﬁéW%

| ayer was an aqueous cesi um phosphate solution. The | oy

\AA.S.

RN VEET

- isolated and water was added into the-iXolated layer sd ds to
aqueous cesi um phosphate solution’(hereinafter-referreq tlo 29
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Water is added to the separated potassium salt t@REPUACEVERTH

' -17 - stirred at 20 ;esrorl]u?icfn?rE)%S
Successively, 100 ml of the aqueous E and 200 ml of the OH type anion
exchange resin obtained by the same procedures as carried out in Example
1 are charged in a flask and stirred at 20 °C for 15 minutes to adsorb
phosphoric acid ion. The mixture is filtered to obtain on aqueous
potassium hydroxide solution having purity of 97 % by weight and
containing a very small amount of potassium salt. The.recovery rate of
potassium is 95 §%. |

| Bxample 6

Neutralization was conducted by adding 5 % by weight of water and an
eYuimolar amount of phosphoric acid with cesium hydroxide to the crude
polyoxvalkylene polyol prepared by the same procedures as described in
Example 2. After neutralization, water was removed and cesium salt was
separated by filtration.

The separated cesium salt contained 40 ¥ by weight of adhered
polyoxyalkylene polyol. Water having temperature of 70 °C was added to
the separated cesium salt, the resulting mixture was stirred at 80 °C
and allowed to stanJ . The mixture separated into two layers. The
lower layer was an aqueous cesium phosphate solution. The lower layer
was isolated and water was added into the isolated layer so as to form
a 15 ¥ aqueous cesium phosphate solution (hereinafter referred to as an
aqueous solution F).

The aqueous solution P had a phosphoric acid ion concentration of
63.2 mg/ml. Successively, 100 ml of the aqueous solution F and 200 ml
of the OH type anion exchange resin (LEWATIT MP 500) obtained by the

same procedures as carried out in Example 1 were placed in a flask and

in Exanple 1 were placed in a flask



- cesiumwas 90 % .

'nfxtufe'ras filtered to obtain an aqueous cesi um hydroxi de sol ution havi ng
purity of 98 % by weight and containing a very snall ' sqal t
(phosphoric acid ion concentration of 1.26 nmg/m). ﬁﬂﬂﬂigﬁﬁﬁgfsﬁgﬁle of

_ Coe .Exampl e ¥, Neutral jzali
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phosphoric acid to cesiym hydroxide to th | y al kKyl.
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. the separated cesiumsalt, the resulting m xture was stirred at 80 [err]C
~and al | oneqes@uitsdidt (phbepid pitcune i wabom epat ed exh tiinnmoof wh. 2Gayeral). THihe

| ower - I ayer which was an aqueous cesi um phosphate sol ution was isol ated
and wat er wasowatgedaiebd tdsdunswdsabedh.l ayer so as to forma 15 % aqueous
cesi um phosphat e solution (hereinafter referred to as an aqueous sol ution
- G. The aqueous solution G had a pﬁﬁ@%ﬁ%fﬁc acid ion

Neutralization was conducted by adding 5 ¥ by weight of water and an

equimolar amount of phosphoric acid to cesium hydroxide to the crude
polyoxyalkylene polyol prepared by the same procedures as carried out in
Example 3. After neutralization, water was removed and cesium salt was
isolated by filtration.

The separated cesium salt had 40 ¥ by weight of adhered
polyoxyalkyleﬁe polyol. Water having temperature of 70 °C was added to
Ihe separated cesium salt, the resulting mixture was stirred at 80 °C
and allowed t6 stand. The mixture was separated into two layers. The
lower layer which was an aqueous cesium phosphate solution was isolated
and water was added into the isolated layer so as to form a 15 ¥ aqueous
cesium phosphate solution (hereinafter referred to as an aqueous
solution G). The aqueoﬁs solution G had a phosphoric acid ion
concentration of.63.2 mg/ml. _

Successively, 100 ml of the aqueous solution G and 200 ml of the OH
type anion exchange resin (LEWATIT MP 500) obtained by the same
procedurgs as carried out in Example 1 were charged in a flask and
stirred at 20°C for 15 minutes to adsorb phosphoric acid ion. The
mixture was filtered to obtain an aqueous cesium hydroxide solution
having purity of 98 % by weighi and a very small amount of cesium salt
(phosphoric acid ion concentration of 1.26 mg/ml). The recovery rate

of cesium was 75 %.



'cdnceﬁtration of 63.2 ng/m . Successively, 100 ml of the aqueous
solution G and 200 ml of the OH type anion exchange resin (LEWATIT MP 500)

obt ai ned by the sane procedures as carried out .in Eqa ded in
a flask and stirred at 20[err]C for 15 ninutes to ags Regﬁﬁﬁﬁﬁﬁ§ﬁﬂﬁ25id
ion. The mixture was filtered to obtalt8an aqueotis” dedi um hydroxi de
sol ution having purity of 98 % by i i%ﬂh apd a very sl £ 3adblr@96f jcesi um
salt (phosphoric acid ion concentrgﬁf §°1. 26 ng/ Ml ). The recovery nate

of cesi um was 0@ . . . . s
TE ueous cesium hydroxide solution obtained in Example 6 (aqueogs
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cesi um hydggxy oS FhUkh e dtitleditR@t b FxatRladnbaf anguedus cesium hydroxide

solution having concentration of 50 % by weight.

To a nitrogen substituted reaction vessel, 150 g of glycerol as an
active hydrogen compound initiator and 113 g of the 50 X aqueous cesium
hydroxide solution obtained above were charged. Successively, the
mixture was heated to 105°C and dehydrated under reduced pressure of 10
mmHg until the dehydration rate exceeded 90 %. Thereafter 9650 g of PO
was gradually charged at 105 °C under pressure of 4 kg/cm® and reacted
for 13.5 hours. After finishing the reaction, the unreacted PO was
removed under reduced pressure to obtain 9820 g of crude polyoxyalkylene
polyol. |

Neutralization was conducted by adding 5 & by weight of water and an
equimolar amount of phosphoric acid to cessium hydroxide to the crude
polyoxyalkylene polyol. After neutralization, water was removed and
deposited cesium salt was filtered off to obtain purified
polyoxyalkylene polyol. The purified polyoxyalkylene polyol had a
hydroxyl value of 28 mgKOH/g and viscosity of 1100 cps/25°C. The
product was the same in qualities as obtained in Example 1.

_ Example 9

To a nitrogen substituted reaction vessel, 300g of glycerol as an -
active hydrogen compound initiator and 80 g of the 50 % aqueous cesium
hydroxide solution were charged. Successively, the mixture was heated
to 105°C and dehydrated under reduced pressure of 10 mmHg until
dehydration rate exceeded 90 X. Thereafter 1360 g of PO was gradually
charged at 105 °C under pressure of 4 kg/cm?G and reacted for 150
minutes. After finishing the reaction, the unreacted PO was removed

from the reaction mixture to obtain 1700 g crude polyoxyalkylene polyol.



~sol uti'on F) was concentrated to obtain an aqueous cesium hydroxi de
sol ution having concentration of 50 % by wei ght. To a nitrogen
substituted reaction vessel. 150 g of glycerol as{a B N

- conmpound initiator and 113 g of the 50 % aqueous egﬁﬂgﬁk ﬁ?gﬁﬁﬁig ol ution
obt ai ned above were charged. Succegssively,-t-he . nijxtiure -was heat e o]
105[err] C and dehydrated under reduced pressure off 10 zﬁyﬂﬂ 19986 th
dehydration rHeetrexiesided 3 eonducéeddivt add 0850 % paflweri@ht wa k& @ag| gn
charged at 105 C under pressure of 4 kg/c e&%%{a d reacted—Tor 1345
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deposited cesium salt was separated. Water was added to the separated

e

cesium salt to form a 15 % aqueous solution (aqueous solution H) having
a phosphoric acid ion concentration of 54.5 mg/ml.

Subcessively, 100 m! of the aqueous solution H and 200 ml of the OH
type anion exchange resin (LEWATIT MP 500) obtained by the same
procedures as carried out in Bxample 1 were charged in a flask and
stirred at 20°C for 15 minutes to adsorb phosphoric acid ion.. The
mixture was filtered to obtain an aqueous cesium hydroxide solution
containing a very small amount of cesium salt (phosphoric acid ion
cencentration of 1.09 mg/ml).

However, these examples are not intended to limit the scope of the
present invention. This may be practiced or embodied in still other

ways without departing from the spirit or essential character thereof.



~eQUinﬁIar anount of phosphoric acid to cessium hydroxide to the crude
pol yoxyal kyl ene polyol. After neutralization, water was renoved and

deposited cesi umsalt—was filteredoff to obtaln purlfled polyoxyalkylene

pol yol . The puri L& ol yoxyal kyl ene pal'yol had d: =t
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hydr ogen conpound |n|t|ator and 80 g of t 50 % aqueous cesi um hydr oxi de
solution were charged. Successively, the m xture was heated 19 105C and
dehydr at ed under . reduced pressure of 10 mmHg JﬂREﬂA@QﬂEﬂT@HEEﬁ fat e
. exceeded 90 % Thereafter 1360 g of PO was ¢ at 105 C
~under pressure of 4 kg/cnferr]G and reacted fpr fer
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of water and a mineral acid or an organic acid to crude polyoxyalkylene
polyol containing an alkali metal compound catalyst.

® a desalting step for dehydrating and drying the liquid obtained
in @ and thereafter removing a deposited alkali metal salt by
filtration, _

® a recovering step of an alkylene oxide polymerization catalyst
used for preparing polyoxyalkylene polyols by bringing the alkali metal
salt obtained in ® into contact with an OH-type anion exchange resin
in the form of an aqueous alkali metal salt solution and conducting ion
exchange by adsorption of a mineral acid anion or an organic acid anion,
and

@ a preparing step of polyvoxyalkylene polyols comprising
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of the alkylene
oxide polymerization catalyst which is recovered in ®.
2. A preparation process of polyoxyalkylene polyoisas claimed in claim
1 wherein the alkali metal compound catalyst is metallic cesium, cesium
hydroxide or cesium hydroxide monohydrate.
3. A preparation process of polyoxyalkylenepolyols as claimed in claim
1 wherein the alkali metal compound catalyst is metallic rubidium,

rubidium hydroxide or rubidium hydroxide monohydrate.
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Neut ral i zat i ormis\Waet BRBAH:RIEePY addi ng 5% by wei ght of water and an

equi nol ar anou ic acid to cesium hyd
pol yoxyal kyl en Jm m! l' neutralization, eTHNEHFTNAS BEEN
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cesiumsalt to forma 15 % aqueous-sol ution (aque ng
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of the aqueous solution H and 200 nl of the CH

1 wherein the aqueous solution of the alkali metal salt is obtained by

j
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water and an organic solvent to a mixture of an‘alkalzi:smgﬁ?‘l,‘mt and
polyoxyalkylene polyol. and by separating into a polyoxvalkylene pollyo
layer and a layer of the aqueous alkali metal salt solution.
5. A preparation process of polyoxvalkylene polyols as claimed in claim
4 wherein the alkali metal compound catalyst is metallic cesium, cesium
hydroxide or cesium hydroxide monohydrate.

6. A preparation process of polyoxyalkylene polyols as claimed in claim
4 wherein the alkali metal compound catalyst is metallic rubfdium.
rubidium hydroxide or rubidium hydroxide monohydrate.

7. A recovering process of an alkylene oxide polymerization catalyst
comprising the neutralization step @, the desalting step @ and the
recovering step @ of claim 1.

8. A recovering process of an alkylene oxide polymerization catalyst as
claimed in claim 7 wherein the alkali metal.compound catalyst is
metallic cesium, cesium hydroxide or cesium hydroxide monohydrate.

9. A recovering process of an alkylene oxide polymerization catalyst as
claimed in claim 7 wherein the alkali metal compound catalyst is
metallic rubidium, rubidium hydroxide or rubidium hydroxide monohydrate.
10. A preparation process of polyoxyalkylene polyols comprising:

(i? a preparation step of crude polyoxyalkylene polyols by
conducting ring-opening addition polymerization of alkylene oxide on an
active hydrogen compound initiator in the presence of an alkali metal
compound catalyst, .

(ii)a neutralization step for adding a neutralizing agent composed
of water and a mineral acid or an organic acid to the catalyst

containing crude polyoxyalkylene polyol which is obtained in the

e
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“type &ni on exchaHQE‘resrﬁ—ftEMA$%T MP 500) obtained by the same procedures
as carried out Tmsggg 8o Rw%.% charged in a flask and stirred at 20C for

15 mnutes to ad acid ion. The m xture was flltered to
" obtain an aqueou |de solution containing

of cesiumsalt ( I on concentration Of==1
However, these exanples are not intended to limt t éﬂﬁéo-
invention. This may be practiced or endbdied in sti
-departing fromthe spirit or essentiial character the
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(ii)a desalting step for dehydrating and drying the liquid optained
, o 23 JUL 199 ,
in the neutralization step and thereafter tregoving a depositgd|alkali

metal salt by filtration,

(iv)a recovering step of an aqueous alkali metal hydroxide sblution
by preparing an aqueous solution from the alkali metal salt obtained in
the desalting step, bringing the aqueous solution into contact with an
OH-type anion exchange resin, conducting ion exchange by adsorption of a
mineral acid anion or an organic acid anion, and adding a required
amount of the alkali metal compound catalyst to the aqueous alkali metal
hydroxide solution obtained in the recovering step so as to feed the

resulting mixture of the catalysts to the preparation step (i).

* C L M S *



'ANENﬁED CLAIMS 1. A preparation process of polyoxyal kyl ene pol yol s
conprising: [err] a neutralization step for adding a neutralizing agent
conposed of water and a mineral acid or an organic acid to crude

pol yoxyal kyl ene pol yol containing an al kali netal conpound catal yst
obt ai ned by ring-opening polynerizati-og3of an al kyl ene oxi de on an active
hydr ogen conpound initiator in the presence of a free_al n
al kali netal hydroxide catal yst paryjscqntmlAmmq a free| qiépﬁAcEmTaISHBET n
al kali metal hydroxide catalyst, [ERR] a desalting bk '
and drying the liquid obtained in [ERRland thereaftey
al kali metal sal t [FRo1 3 %

- metal hydroxide g’gg a;lhhﬁi&?e%]g&&sisde pol yr¥e %%tglﬁgnﬂ(s:'
prepari ng pol yoxyal kyl ene

An alkali metal compound such as metallic cesium, cesium hydroxide,
cesium hydroxide monohydrate. metallic rubidium, rubidium hydroxide or
rubidium hydroxide monohydrate ig used as a catalyst, crude
polyoxyvalkylene polyol containing the catalyst is neutralized with a
mineral acid or an organic acid, an aqueous solution layer containing an
alkali metal salt is brought into contact with an anion exchange resin
to adsorb mineral acid anion or organic acid anion, the alkali metal
compound catalyst is recovered. alkylene oxide undergoes ring-opening
addition polymerization on an active hydrogen compound in the presence
o; the recovered alkali metal compound catalyst to prepare
polyoxyalkylene polyol. the catalyst is thereafter separated, recovered
and reused., and such recycle of the alkali metal compound catalyst

provides a favorable process in economy.
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salt solutio an& copdugid nd v of asgsneralll aci d
gal f}c*-“g‘c‘iﬁ Repisot: '
pol ymeri zatipn of al kylene oxijde on an active hydrogen conpound initiator
as claimed in claim1 wherein the alkali netal” conpound free al kali metal
of water and a mineral acid or an organic acid to crude
active hydrogen compound initiator in the presence of a free alkali

pol yol s by bimmyisrieieT AFHT| metal salt obtained in [ERR] _into.contact
wi t:h. @n OHt %@g?an exchrangg resin in the formpE=af_agueous: atkalll netal
“ifon exchange by adso"pTﬁ:'Br‘?"D' " D | '
ani on or an anijort, and a prepgaring °
pol yoxyal kyl ene_pol vol s _congriisi ng coe8&dMSg ri ng=openi ng addition
in the prese 'e oxide polynerization catalyst which is
recovered in [E%]prefﬁratioﬁ'_ Pradevsadt polykeatssleak pullphxyeptising: pol yol s
or the alkad) ne4aledtydlieation stepafosaddinged aldutraliekigisgene siompogetd oxi de
‘or cesi um hydroxi de nonohydr at e.
polyoxyalkylene polyol eertaining-an-elkali-metal-compound-eatalyst
obtained by ring-opening polymerization of an alkvlene oxide on an
metal or an alkali metal hydroxi : t and containing a free
alkali metal or an alkali metal hydroxide catalyst,

E @  a desalting step for dehydrating and 'drying the liquid obtained
in ® and thereafter removing a deposited alkali metal salt by

filtration,

€)) a recovering step of an_alkali metal hydroxide as an alkylene
oxide polyfneriz'atibn. catalyst used for preparing polyoxyalkylene
polyols by bringing the alkali metal salt obtained in @ into contact

with an OH-type anion exchange resin in the form of an agqueous
alkali metal salt solution and conducting ion exchange by adsorption

of a mineral acid anion or an organic acid anion, and

@ a preparing step of polyoxyalkyiene polyols comprising

conducting ring-opening addition polymerization of alkylene oxide on

an active hydrogen compound initiator in the presence of the alkylene

R

2. A preparation process of polyoxyalkylene polyols as claimed in
claim 1 wherein the alkali-metal-compound free_alkali metal or the
alkali metal hydroxide catalyst is metallic cesium, cesium hydroxide

oxide polymerization catalyst which is recovered in 3.

or cesium hydroxide monohydrate. PEPLACEMENT SHEFTS  SG
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claim’l wherein the free al I Q#oct hg gl kal i ey
catalyst is netallic rubidi ym} rubidium hyd?on de or rmb ’Hﬁlﬁhﬂ%ﬁ“d#@glage\

monohydrate. 4. A preparfat pol yoxyal %
clainmed in. claim1l whereinlthe agueous solutifon of the al

I S obtaine byad' f t Pl f.clai ter or
a mxture 0 ‘g bg%??’%r’i 03{ (‘%ﬂggg&ﬂ v Qlll(y%gcg Q% uﬂ’%@&lszﬂ? Q%QP%I@HEI al

salt and pOélMd' Whereen Ntley flee alaRYmeRRRI0R tHE élktaﬂ ﬁxa@lyﬁgg@mgene
pol yol layer and the layer of the aqueous alkarll salt soluflon 5.
A prepar at i empeticst scatalpst yisx yaekgilien aylidiwms erslhldmmredlydnmmdemoct

wherei n the_fil. or .t h | kali metal hydroxide catalyst is
metalli.c ce‘"s‘i‘i}%?“@@%&%%r%}ﬂ%%“%‘f agtgs| um hydr oxi de nonohydr at e. 6. A

preparation process of pol yoxyal kyl ene polyols as clained in

4. A preparation process of polyoxyalkylene polyols as claimed in
claim 1 wherein the aqueous solution of the alkali metal salt is

obtained by adding, after the desalting step @ of claim 1, water or a
mixture of water and an organic solvent to a mixture of an alkali
metal salt and polyoxyalkylene polyol, and by separating into a
polyoxyalkylene polyol layer and -a the layer of the aqueous alkali
metal salt solution.

5. A preparation process of polyoxyalkylene polyols as claimed in
claim 4 wherein the free alkali metal compoeund or the alkali metal

hydroxide catalyst is metallic cesium, cesium hydroxide or cesium

hydroxide monohydrate.

6. A preparation process of polyoxyalkylene polyols as claimed in
claim 4 wherein the alkah—-meta:l——eempe&ﬁé freé alkali metal or the
alkali metal hydroxide catalyst is metallic rubidium, rubidium
hydroxide or rubidium hydroxide monohydrate.

7. A recovering process of an alkali metal hydroxide as an alkylene

oxide polymerization catalyst comprising the neutralization step @,

the desalting step @ and the recovering step @ of claim 1.

8. A recovering process of ‘an alkylene oxide polymerization
catalyst as claimed in claim 7 wherein the free alkali metal or the
alkali metal hydroxide eempound-catalyst is metallic cesium, cesium

hydroxide or cesium hydroxide monohydrate. I —
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claim4 wherein the free alkpli netal or theg al kal i——Aet-al—hydroxide—
catakyst is metallic rubid|um Okupetiei hydrloxi de |OFHI‘SJ$E-h|€i£"Um1h)BﬂT0XI de

nonohydr at e. 7. A recovYefing process of jan aIK mEERLAREDr oxi dé as an
al kyl ene oxide pol ynerizat|on catalyst conprjsing ‘QWWH%WM ep

[ERR] the desalting step |._ERB]__a.ud..r._hJe_Lak I veri ng step [ERR] of claim 1.
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o ai med |0t ai By FRGREFERE e o i | SVisRe, RE” Heheddugat o
hydr oxi de &atadystshsi claified lin Ccle@mi wmmmﬁwcffwlaananrmmm lepigr oxi de

nonohydr at e,
alkali metal hydroxide eempound catalyst is metallic rubidium,

rubidium hydroxide or rubidium hydroxide monohydrate.

10. A preparation process of polyoxyalkylene polyols comprising:

(i} - a preparation step of crude polyoxyalkylene polyols by for
conducting ring-opening addition polymerization of alkylene oxide on
an active hydrogen compound initiator in the presence of an a free
alkali metal or an alkali metal hydroxide eompound catalyst.

(i a neutralization step for adding a neutralizing ageht
composed of water and a mineral acid or an organic acid to the
catalyst containing crude polyoxyalkylene polyol which is obtained in
the preparation step. '

(iiiy a desalting step for déhydratiﬁg and drying the liquid
obtained in the neutralization step and thereafter removing a
deposited alkali metal salt by filtration.

(iv) a recovering step of an aqueous alkali metal hydroxide
solution by preparing an aqueous solution _from the alkali metal salt
obtained in the desalting step, bringing the aqueous solution into
contact with an OH-type anion exchange resin, conducting ion
exchange by adsorption of a mineral acid anion or an organic acid
anion, and adding a required amount of the alkaii metal compound
catalyst to the aqueous alkali metal hydroxide solution obtained in

the recovering step so as to feed the resulting mixture of the catalysts

to the preparation step (i).
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catal-yst as clainmed in claim?7 wherein the free al kali ng¥

i's metallic r ubi di um

nmet al “hydr.oxi de conpound cat al yst
“A preparation

or rubi di um hydroxi de nmonohydr at e. 1020
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tion step of

de
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addrtion

pol ymeri zation of alkylene oxide on an-active hydrogen conpound initiator

catalyst. g 7 éép%aﬁgﬁa#*qégﬁ%ﬁ&ﬁ%%%aﬁ%*lg%t*?r 18 g

agent corrpose@ of &/aﬁ

cat al yst

Cont oD ni nf FRANEaRoR, SECHT fpCalife SReiPamIRE Agehl Rolfitiosed,

preparation s§EPyater and a mineral acid or an organic acid to crude

polyoxyalkylene polyol ainins-an-allali-metal-compeusn atal
obtained by ring-opening polymerization of an alkylene oxide on an
active hydrogen compound initiator in the presence of a free alkali

tal or an alkali tal h d _containing a_free

" alkali metal or an alkali metal hydroxide catalyst

@  a desalting step for dehydrating and drying the liquid obtained
in ® and thereafter removing a deposited alkali metal salt by

filtration,

® . a recovering step of an alkali metal hydroxide as an alkylene
oxide polymerization catalyst used for .prepax'ing polyoxyalkylene -
polyols by bringing the alkali metal salt obtained in @ into contact

with an OH-type anion exchange resin in the form of an aqueous
alkali metal salt solution and conducting ion exchange by adsorption

of a mineral acid anion or an organic acid anion, and

@ a préparing step of polyoxyalkylene polyols comprising
conducting ring-opening addition polymerization of alkylene oxide on
an active hydrogen compound initiator in the presence of the alkylene

oxide polymerization catalyst which is recovered in ®.

2. A preparation process of polyoxyalkylene polyols as claimed in

claim 1 wherein the alkali-metal-compound free alkali metal or the

alkali metal hydroxide catalyst is metallic cesium, cesium hydroxide
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or cesium hydroxide monohydrate.
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(iii) a desalting step for dehy_draf'i ng and drying the |Ijqpid obtal ned I’w

the:neutralization step and thereafter renoving a depos{tpd2g kaliigoet a
salt "by filtration. (iv) a recovering step of ah aqueous al kali
met al hydroxi de sol ution by preparing an aqueous sol utipn—fromthe—alkal i

netal salt obtained in the desalti ng"s?(]é‘ﬁ, bri ngi ng t hel_aqueous sol ution

into contacy, wWith paritio proces emcg 1ene £ | frarge
by absorption of aﬁ% ner al ac‘:)i%d anlson ? an-or an?c ac arﬁ%ﬁl,a%ﬁfg'gdi ng

a required claimnd wthergin fthee feeek alkaliemetabort Alkalii nuetiad| hyroxici
conpound catal yst to the aqueous al ka]i t.al hydroxi,de sol.ution qQbtained
in the recﬁ@%ﬁ&%eﬁ@% 1S, msééﬁ{%é‘%ngﬁnguﬁ“i&% W&’E%SEatoé'l ysts
to the prepR{iligh AyBPokide monohydrate.

Y

4, A prépa.ration process of polyoxyalkylene polyols as claimed in.
claim 1 wherein the aqueous solution of the alkali_ metal salt is
obtained by adding, after the desalting Step @ of claim 1, water or a
mixture of water and an organic solvent to a mixture of an alkali
metal salt and - polyoxyalkylene polyol, and by separating into a
polyoxyalkylene polyol layer and & the layer of the aqueous alkali

metal salt solution.

S. A preparation process of polyoxyalkylene polyols as claimed in
claim 4 wherein the free alkali metal compound or the alkali metal
hydroxide catalyst is metallic cesium, cesium hydroxide or cesium

hydroxide monohydrate.

6. A preparation process of polyoxyalkylene polyols as claimed in

claim 4 wherein the -alkali-metal-compound free alkali metal or the
alkali metal hydroxide catalyst is metallic rubidium, rubidium
hydroxide or rubidium hydroxide monohydrate.

7. A recovering process of an alkali metal hydroxide as an alkylene

oxide polymerization catalyst comprising the neutralization step @,

the desalting step @ and the recovering step @ of claim 1.

8. A recovering process of an alkylene oxide polymerization
catalyst as claimed in claim 7 wherein the free alkali metal or the
alkali metal hydroxide eempeund-catalyst is metallic cesium, cesium

hydroxide or cesium hydroxide monohydrate.
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9. A recovering process of an alkylene oxide polymerization
catalyst as claimed in claim 7 wherein the free alkali metal or the
alkali metal hydroxide compound catalyst is metallic rubidium,
rubidium hydroxide or rubidium hydroxide monohydrate.

10. A preparation process of polyoxyallylene polyols comprising:

()  a preparation step of crude polyoxyalkylene polyols by
for conducting ring-opening addition polymerization of alkylene oxide
on an active hydrogen compound initiator in the presence of an a free

alkali metal or an alkali metal hydroxide eempeund catalyst.

(ii) a neutralization step for adding a neutralizing agent
composed of water and a mineral acid or an organic acid to the
catalyst containing crude polyoxyalkylene polyol which is obtained in
the preparation step. ' -

(iii) a desalting step for dehydrating and drying the liquid
obtained in the neutralization step and thereafter removing a deposited
alkali metal salt by filtration. '

(iv) a recovering step of an aqueous alkali metal hydroxide
solution by preparing an aqueous solution from the alkali metal salt
obtained in the desalting step, bringing the aqueous solution into
contact with an OH-type anion exchange resin, conducting ion
exchange by absorption of a mineral acid anion or an organic acid
anion, and adding a required amount of the free alkali metal or the

alkali metal hydroxide eempound catalyst to the aqueous alkali metal
hydroxide solution obtained in the recovering step so as to feed the
resulting mixture of the catalysts to the preparation step (i). -
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