1 DESCRI PTI ON PROCESS FOR PRODUCI NG ALKYLENE DERI VATI VE AND METHOD FOR
REGENERATI NG CATALYST FOR THE PRODUCTI ON OF ALKYLENE 5 DERI VATI VE TECHNI CAL
FI ELD The present invention relates to a process for producing an al kyl ene
derivative such as an al kylene 10 glycol or an al kyl ene carbonat e.
Particularly, it relates to a process for producing an al kyl ene glycol such
as ethylene glycol, which conprises reacting an al kyl ene oxi de such as

et hyl ene oxide, with water in the presence of carbon dioxide by neans of a
guat ernary 15 phosphoni um i odi de and/or brom de catal yst, or a process for
produci ng et hyl ene carbonate or thededorIpMToxh conprises reacting an

al kyl ene oxide with carbon dioxide. Especially, it relates to a nethod for
efficiently recovering the quaternary phosphoni umi odi de and/ or 20 brom de
catalyst fromthis reaction systemand recycling it for use. In the present
i nvention, anPRO&EEESNEOR|I PRODUCENGSALRYVLBNEYDEREVATYURI ANKBVMBgHODOFORbOUt 2
to 10 carbon atons such as ethylene glycol or propylene glycol, and an 25
al kyl ene car bOnREGENERATING @hEXL¥SE EQRbLDHBEt PROBUCTYONT OPNABRVLENE to 10
carbon atons, such as ethylene carbonate or propyl ene carbonate. 2
BACKGROUND ART DERIVATIVE

TECHNICAL FIELD

The present invention relates to a process for

producing an alkylene derivative such as an alkylene

10 glycol or an alkylene carbonate. Particularly, it
relates to a process for producing an alkylene glycol
such as ethylene glycol, which comprises reacting an
alkylene oxide such as ethylene oxide, with water in the
presence of carbon dioxide by means of a quaternary

15 phosphonium iodide and/or bromide catalyst, or a process
for producing ethylene carbonate or the like, which
comprises reacting an alkylene oxide with carbon dioxide.
Especially, it relates to a method for efficiently
recovering the quaternary phosphonium iodide and/or

20 bromide catalyst from this reaction system and recycling
it for use.

In the present invention, an alkylene glycol means
an alkylene glycol having from about 2 to 10 carbon atoms
such as ethylene glycol or propylene glycol, and an

25 alkylene carbonate means an alkylene carbonate having
from about 2 to 10 carbon atoms, such as ethylene

carbonate or propylene carbonate.



Et hyl ene glycol is produced in a large scale by reacting ethylene oxide
ditectly with water for hydrolysis. However, in this method, in order to 5
suppress formation of a byproduct such as diethylene glycol or triethylene
~glycol during the hydrolysis, it is required to use water in |arge excess

over the

stoi chionetrical anount to ethylene oxide. Accordingly, it is

necessary to renove the | arge excess anount of io water by distillation of
the formed et hyl ene glycol aqueous solutjon, and there is a problemthat a
| arge amount of energy is required to obtain purified ethylene glycol. As

a nmethod to
et hyl ene oxi

ygdﬁéﬁagﬁbe%ﬁgoblen] a nethod has 15 been proposed wherein

I's reacted with water in the presence of carbon dioxide, to

roduce ethyl ene . i e i i t: t i erein
: bonar ErYiRne EIEICAE Ehdidy W £ dEAdA b

et hyl ene carbonate | y are

di oxi de, andggg%5§$y1

X
water 1spresent Int

reaction,

may proceed
of the secon

y e oxXl h car bon
te r.ol IS two step
<he %%%e%cﬁ%oﬁgy%%%ﬁéﬁeﬁ% the reaction

gm}dlrygi@e. SAPReL23Ct O, thuls h@th%qeriélte gr%@'t%e the reaction

step,” a further reactor nay be provi for the |ater step.

I'n 25 theshydh@dysiss HostdtiRD& €3 bt Squdt elwt efe ¢ 49} 1 08

triethylene glycol wll not substantially be fornmed as a byproduct, and

accordingly, dl%@d#ﬁ'%sﬂe@tmrbr@ Ply &S rd8dh i tewd tHy aed Bfs1 8, ane appunt

slightly in excess o

10

15

20

25

required to use water in large excess over the
stoichiometrical amount to ethylene oxide. Accordingly,
it is necessary to remove the large excess amount of
water by distillation of the formed ethylene glycol
aqueous solution, and there is a problem that a large
amount of energy is required to obtain purified ethylene
glycol.

As a method to solve such a problem, a method has
been proposed wherein ethylene oxide is reacted with
water in the presence of carbon dioxide, to produce
ethylene glycol. This reaction is a two step reaction
wherein ethylene carbonate is formed by a reaction of
ethylene oxide with carbon dioxide, and the ethylene
carbonate is hydrolyzed. 1In this two step reaction,
water is present in the reaction system, whereby the
reaction may proceed even in the same reactor, but in
order to complete the reaction of the second step, a
further reactor may be provided for the later step. In
the hydrolysis of ethylene carbonate, diethylene glycol
or triethylene glycol will not substantially be formed as

a byproduct, and accordingly, the hydrolysis can be



the stoichionetrical anmount, whereby the cost required for renoving water
frobmthe fornmed et hylene glycol aqueous solution can be substantially
reduced. Further, 5 carbon dioxide will be fornmed by the hydrol ysis of

et hyl ene carbonate formed by the reaction of ethylene oxide with carbon
di oxi de, and such carbon di oxi de may be recycled for reuse. Further, in
this nethod, it is also possible to 10 produce ethyl ene carbonate by
suppressing the formation of ethylene glycol by reducing the anount of
water in the starting material by |lowering the tenperature as a reaction

condi tion. Thissrival icts wipe watfercadtralaes taandiane dleshyippiaseskcdSs fof t he
production of ethylene glycol and/or ethylene carbonate from ethyl ene

oxi de. One ofthey efterirdd oneairal st arcurad) atgandls, pes purd uregad ted and
particularly preferred is a quaternary phosphoni umiodide or brom de

(JP-B-55-476¥6r rdmtstilgr waaera frencaltad ViairmedD ehydldesd igpisll car bonat e
may be used in conbination with such an organi c phosphoni um sal t
(JP- A- 12- 128@tdleocusmeerlensioretday] dyee smbistaarasi aldy mdd@idesd . | Fupteirged by
oxi dation of ethylene, and in such a case, in order to inprove the
sel ectiviby faarkdme dixaxdatd onilrledst iformead 2y ddieormfdmblocsairdbont such as et hyl
chloride is supplied as a selectivity-adjusting agent to the reaction
syst em ( JP- Aetwi®ts Tarbbnaise nentmiashdy diey eseadial aretdfoceflorl guedduci ng
oxide with carbon dioxide, and such carbon dioxide may be
recycled for reuse.
Further, in this method, it is also possible to
10 produce ethylene carbonate by suppressing the formation
of ethylene glycol by reducing the amount of water in the
starting material by lowering the temperature as a
reaction condition.
Thus, various types of catalysts have been proposed
15 for the production of ethylene glycol and/or ethylene
carbonate from ethylene oxide. One of preferred
catalysts is an organic phosphonium salt, and
particularly preferred is a quaternary phosphonium iodide
or bromide (JP-B-55-47617). Further, as a co-catalyst,
20 an alkali metal carbonate may be used in combination with
such an organic phosphonium salt (JP-A-12-128814).
Whereas, ethylene oxide as raw material is produced
by oxidation of ethylene, and in such a case, in order to
improve the selectivity for the oxidation reaction, a
25 chlorohydrocarbon such as ethyl chloride is supplied as a

selectivity-adjusting agent to the reaction system (JP-A-

2-104579).



et hyl ene gl ycol or ethylene carbonate by reacting ethylene oxide with water
or'carbon dioxide in the presence of carbon dioxide, is an industrially 5
advant ageous nethod free froma probl em of byproducts, but has a problem
~that the reaction efficiency deteriorates when the reaction is continued.
The present inventors have studied the cause for such deterioration of the
reaction efficiency and as a 10 result, have found that it is the cause
that the quaternary phosphoni umiodi de org brom de catalyst in the reaction
systemis converted to a chloride having a low catalytic activity. In fact,

by the operation @fs et iapRa albes/d,0rtRbadt e ARaprRing20 W % of the
15 quat ernary phosphonium i odi de or brom de catalyst in the reaction system

was found to daenerdlgadlo or @iatardia Yea st ipnaddoingle. The reason
for the conversion of the quaternary phosphoniumiodide or brom de to the

quat ernary 2Q@qiasplorikirae Widh G t@s GonrsEeired@ickike siichcidat a
chl orine conpound contained as an inpurity in ethylene oxide as raw

mat eri al woulpddeeridd rafducatbdmtdi dxhigle r eactdron s malNapel y, as nenti oned
above, in the process for producing ethylene oxide, a chlorohydrocarbon 25
is supplied asivarselgsiisinetiad] Ustdenfragerd groblen ddsipmdsytsé emin
order to inprove the selectivity for the reaction, and chlorine contained
inthis 5 chiur dlasdreogardigent exhed sthaes raeapdt iom nef Tiodpenind i n t he
deteriorates when the reaction is continued.
The present inventors have studied the cause for
such deterioration of the reaction efficiency and as a
10 result, have found that it is the cause that the
gquaternary phosphonium iodide or bromide catalyst in the
reaction system is converted to a chloride having a low
catalytic activity. In fact, by the operation of the
apparatus for about one year, about 20 wt% of the
15 quaternary phosphonium iodide or bromide catalyst in the
reaction system was found to be converted to a quaternary
phosphonium chloride.
The reason for the conversion of the quaternary
phosphonium iodide or bromide to the quaternary
20 phosphonium chloride was considered to be such that a
chlorine compound contained as an impurity in ethylene
oxide as raw material would be introduced into the
reaction system. Namely, as mentioned above, in the
process for producing ethylene oxide, a chlorohydrocarbon
25 1s supplied as a selectivity-adjusting agent to the

reaction system in order to improve the selectivity for

the reaction, and chlorine contained in this



product et
coipound i

hyl ene oxi de even via a purification system and such a chlorine
s included in the process for producing ethylene glycol or

et hyl ene carbonate. It s is considered that by the chlorine conpound
introduced as included in the product ethyl ene oxide, the quaternary
phosphoni um i odi de or bromde will be converted to the quaternary
phosphoni um chl ori de, although the details of such reaction nechanism are

not clearl
et hyl ene

y understood. 10 Accordingly, iﬁlthe process for producing
gl ycol or ethylene carbonate, it is necessary to separate and
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phosphonium iodide or bromide will be converted to the
quaternary phosphonium chloride, although the details of
such reaction mechanism are not clearly understood.
Accordingly, in the process for producing ethylene
glycol or ethylene carbonate, it is necessary to separate
and remove from the reaction system the quaternary
phosphonium chloride having a low reactivity derived from
the catalyst, so as to let only the highly active
quaternary phosphonium iodide or bromide remain. However,
heretofore, it has not been ascertained even that the
decrease of the reaction efficiency with time is caused
by the conversion with time to the chloride. Further,
there has been no study made with respect to a method for
separating the quaternary phosphonium chloride from the
quaternary phosphonium iodide or bromide as the catalyst
in the reaction system, or a method for converting the
quaternary phosphonium chloride to the quaternary

phosphonium iodide or bromide.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to solve



a process for producing an al kyl ene derivative, such as an al kyl ene gl ycol
such as ethylene glycol, or an alkylene carbonate such as ethylene
carbonate, which 5 conprises reacting an al kyl ene oxi de such as ethyl ene
oxide with water or carbon dioxide in the presence of carbon dioxide by
means of a quaternary phosphonium iodide and/or brom de catal yst, wherein a
quaternary phosphonium chloride fornmed in the reaction systemis 10
efficiently renoved, or such quaternary %hosphoniun1 chloride is converted
to quaternary phosphoniumiodide and/or "brom de, which will be recycled to

the reactiontpgysheMel flentabsed %%%mi?o%lf@%'m@nrs agld Wd i/ddilyd he

reacti on systemcan be maintained at a high I ével, and 15 the reaction for

formng the gl kyl.ergsdebvatiowRcaay Be aaldienenidericaiihed aiaconstantly
over a long period of tine. The present i1nvention provides the follow ng:

(1) A procesgnfankpnedeCigngcdn ahlty anre «dekivwald Eﬂ,yc%q W chyconprises a

reaction step of reacting an al kylene oxide with water in the presence of

carbon di oxi de k¥ endeaBFHRhat <0UAHBN R % tHYAERRORHHIRELe «fi i oni de
catalyst to forman al kyl ene glycol, characterized in that fromat |east a

part of the ceaghlieesslddlcdtamarg kil dnke oxadlddl velcrs @lsutdtds1drdee al kyl ene
glycol is renoved so that the nolar ratio of the al kyl ene glycol to the

catal yst becemEgeatvithsva2@r! iofeTarie eMeekile MinXithe Hredddraraifer to
recover the catalyst.
carbon dioxide by means of a quaternary phosphonium
iodide and/or bromide catalyst, wherein a quaternary
phosphonium chloride formed in the reaction system is
10 efficiently removed, or such quaternary phosphonium
chloride is converted to quaternary phosphonium iodide
and/or bromide, which will be recycled to the reaction
system for reuse, whereby the catalytic activities in the
reaction system can be maintained at a high level, and
15 the reaction for forming the alkylene derivative can be
efficiently carried out constantly over a long period of

time.

The present invention provides the following:

(1) A process for producing an alkylene derivative,

20 which comprises a reaction step of reacting an alkylene
oxide with water in the presence of carbon dioxide by
means of a quaternafy phosphonium iodide or bromide
catalyst to form an alkylene glycol, characterized in
that from at least a part of the reaction solution and/or

25 the catalyst solution, the alkylene glycol is removed so
that the molar ratio of the alkylene glycol to the

catalyst becomes at most 20 times, followed by mixing



(2) The process according to the above (1), characterized in that the nolar
ratio of the alkylene glycol to the catalyst is made to be at nbst twice. 5
(3) The process according to the (1) or (2), characterized in that the
operation tenperature at the tine of mxing with water to recover the .
catalyst is at nost 30C. (4) The process according to any one of the above
(1) to 10 (3), characterized in that the anount of water to be mxed is at
|l east 0.1 tinme by weight, based on the catalyst to be recovered. (5) The
process according to any one of the above (1) to (4), characterized in that

after m xi ng Mirkh MRS + o133V il r38RAAation is carried out to

separate the catalyst, which is recycled to the reaction step. (6) The

process accor@ingHd gheaovedonai el Sithd ihodd quid, separated by the
solid-liquid separation is recycled and used as water for washing the

catal yst. 20chbratte iilREESSH aGRAT HHY rdd 3N a1 f the aboueiddd to  (6),
characterized in that the al kylene oxide is ethylene oxide. (8) A nethod

for regeneraiglR@od aat allestcateNafsactiey nerid to) Whalt andBexttwie€onprising a
guat ernary phosphonium 25 chloride and a quaternary phosphoni um i odi de
and/ or brem dsg,) aMaipiestdgOmacdeiiaig ao dep of) reacta)ng an  al kyl ene oxi de

containing a chlorinated conpound as an 8 inpurity, with water in the
presence of chdrarctdirdidede iby that the operation temperature at the
time of mixing with water to recover the catalyst is at
most 30°C.
(4) The process according to any one of the above (1) to

10 (3), characterized in that the amount of water to be
mixed is at least 0.1 time by weight, based on the
catalyst to be recovered.

(5) The process according to any one of the above (1) to
(4), characterized in that after mixing with water,

15 solid-liquid separation is carried out to separate the
catalyst, which is recycled to the reaction step.

(6) The process according to the above (5), wherein the
liquid separated by the solid-liquid separation is
recycled and used as water for washing the catalyst.

20 (7) The process according to any one of the above (1) to
(6), characterized in that the alkylene oxide is ethylene
oxide.

(8) A method for regenerating a catalyst, characterized
in that a mixture comprising a quaternary phosphonium

25 chloride and a quaternary phosphonium iodide and/or

bromide, obtained from a reaction step of reacting an

alkylene oxide containing a chlorinated compound as an



means of a quaternary phosphoni um i odi de and/or brom de as a catalyst, to
forman al kyl ene glycol, is mixed with an iodide and/or bronide to have the
guat ernary 5 phosphoni um chl oride converted to a quaternary phosphoni um

‘i odide and/or brom de, which is precipitated in water. (9) A nethod for
regenerating a catalyst, characterized in that a mxture conprising a

quat ernary phosphonium 10 chloride and a quaternary phosphoni um i odi de

and/ or bronide, obtained fromthe reactiop step of reacting an alkylene

oxi de with carbon dioxide by neans of a quaternary phosphoni um i odi de

and/ or brom de as cataa%‘¥ to for an al k Iene ar banat e d wth

an 15 i odi de H?R‘Hro]r ¥or o B Frave t cﬁfa?% e y° bhodpRohi 9 ?T?X?:‘Hl?oég}’de
ted t t hosph d wh
oreci pi tat ed ?nql\lf\gt & ¥ TR R S e B LS S S ().
characterized, é&ﬁ: é$u§?1§Q££ré e g#géfarYS ﬁ?xQQOQPQHn'“m
Y- phosp

chl ori de and a qua onrumi o a reaction

sol uti on wi t Iy g {g cﬁ)raﬁci%ﬁ % (yrﬁla@a%'}?%?ta?eliﬁ?ene %gue af t er

distilling water or at st a part o he a ivative as the

desired prOd%Hgsﬂﬁéﬂgéﬁth%Fffﬁgﬂ&&ﬁbé%%éﬁI561a 5gégng' nmet hod according

to the above (9) racteri zed 1 n that e nlxture conprising a

quat ernary Ui I P ddeardfb A 19kGH BASANYh PR SPHOBE &R b PEL deq 9
and/or brom de, is an aqueous sol ution obtained by m xi ng

in water.
(9) A method for regenerating a catalyst, characterized
in that a mixture comprising a quaternary phosphonium

10 chloride and a quaternary phosphonium iodide and/or
bromide, obtained from the reaction step of reacting an
alkylene oxide with carbon dioxide by means of a
quaternary phosphonium iodide and/or bromide as a
catalyst, to form an alkylene carbonate, is mixed with an

15 1iodide and/or bromide to have the quaternary phosphonium
chloride converted to a quaternary phosphonium iodide
and/or bromide, which is precipitated in water.
(10) The method according to the above (8) or (9),
characterized in that the mixture comprising a quaternary

20 phosphonium chloride and a quaternary phosphonium iodide
and/or bromide, is a reaction solution withdrawn from the
above reaction step, or a residue after distilling water
and/or at least a part of the alkylene derivative as the
desired product, from such a reaction solution.

25 (11) The method according to the above (8) or (9),
characterized in that the mixture comprising a quaternary

phosphonium chloride and a quaternary phosphonium iodide



the reaction solution withdrawmn fromthe above reaction step or the residue
after distilling off water and/or at |east a part of the alkyl ene
derivative as the desired 5 product from such a reaction solution, with
*water to let the catalyst precipitate as solid, and separating the
precipitated catalyst. (12) The nethod according to any one of the above (8)
to (11), characterized in that the precipitated quaternary io phosphonium
i odi de and/or bromide is recovered and recycled to the above reaction step.
(13) A nethod for regenerating a catalyst, characterized in that an iodide

d/ b d t t hosph
Chi ori de. and B 8= qUACENREry 1o ACoRGHEGHY GO SR/ BroH 2 "idihed
f th f t
chi'or i nat ed EBROGR %Sls%ansﬁ%pu'rog?w%h%w“ﬁ%?efxl % PR D car bon

di oxi de by mgany of dnAYaleLAl ¥ %%%H%’E‘ﬂrfm%dnary W pron e as a 20

catalyst, to’l rrné derive romthe quat nium chl ori de

precipitate g ar i;nQLgani G %El'eora'l(i@l R 2.arx q:qlv(‘e sy }tyg adNELEPY to

recover the quaterna phosp onlun1|o I de an brom A et hod for
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is added to a m xture conprising a quaternary phosphoni um chloride and a

quat er nary p@%paa&aq?sltogir@h@a@/a% Blsoicda d , ot RRGaI ¢ ifdpreddie reaction
step of reacting an al kyl ene oxide with

precipitated catalyst.
(12) The method according to any one of the above (8) to
(11), characterized in that the precipitated quaternary

10 phosphonium iodide and/or bromide is recovered and
recycled to the above reaction step.
(13) A method for regenerating a catalyst, characterized
in that an iodide and/or bromide is added to a mixture
comprising a quaternary phosphonium chloride and a

15 quaternary phosphonium iodide and/or bromide, obtained
from the reaction step of reacting an alkylene oxide
containing a chlorinated compound as an impurity, with
water in the presence of carbon dioxide by means of a
quaternary phosphonium iodide and/or bromide as a

20 catalyst, to let chlorine derived from the quaternary
phosphonium chloride precipitate as an inorganic chloride
in an organic solvent, thereby to recover the quaternary
phosphonium iodide and/or bromide.
(14) A method fdr regenerating a catalyst, characterized

25 in that an iodide and/or bromide is added to a mixture

comprising a quaternary phosphonium chloride and a

quaternary phosphonium iodide and/or bromide, obtained



carbon di oxi de by nmeans of a quaternary phosphonium i odide and/ or brom de
as a catalyst to forman al kylene carbonate, to let chlorine derived from
the quaternary 5 phosphonium chl oride precipitate as an inorganic chloride
*in an organic solvent thereby to recover the quaternary phosphonium i odide
and/ or brom de. (15) The nethod according to the above (13) or (14),
characterized in that the m xture conprising a quaternary 10 phosphoni um
chloride and a quaternary phosphoni um i odiode and/ or bromi de, is any one of
the following (a) to (c): (a) Aliquid or solid obtained by adding water to

the reaction gsQltdin Mdhdrews £ ¢ heeAboMe raacd118M ersd ePx 1@ RhLEh pi tate
the catal yst and dehydrating an 15 aqueous solution after separating the

preci pitated cadcH Yotoxi(dy Hy IndBid OF $ahidt Hanashdyprsiding water to a

residue after distilling off water and/or at |least a part of the al kyl ene

derivative asiddieiglesidask pashicde faom 26hdde deacs | s lnitd Dy Wehddr awn
fromthe reaction step, to precipitate the catalyst as solid, and

dehydrati ng afarmsnens tsol et athbdt ate shpairedd NBrdohec s epidt & e £y
catalyst, (c) Aliquid obtained by dissolving the liquid or 25 solid
obt ai ned by tgieostsiudinat i cinl omidea)prwecid)tate an amrigaorgarsid vetntor {d6) The
nmet hod according to the above (13) or (14), 11 characterized in that the
m Xt ure conprirsiany arapret@erswiyent thereby to recover the quaternary
phosphonium iodide and/or bromide.
(15) The method according to the above (13) or (14),
characterized in that the mixture comprising a quaternary
10 phosphonium chloride and a quaternary phosphonium iodide
and/or bromide, is any one of the following (a) to (c):

(a) A liquid or solid obtained by adding water to
the reaction solution withdrawn from the above reaction
step to precipitate the catalyst and dehydrating an

15 aqueous solution after separating the precipitated
catalyst,

(b) A ligquid or solid obtained by adding water to a
residue after distilling off water and/or at least a part
of the alkylene derivative as the desired product from

20 the reaction solution withdrawn from the reaction step,
to precipitate the catalyst as solid, and dehydrating an
aqueous solution after separating the precipitated
catalyst,

(c) A ligquid obtained by dissolving the liquid or

25 solid obtained by the dehydration in (a) or (b), in an

organic solvent.

(16) The method according to the above (13) or (14),



phosphoni um chl ori de and a quaternary phosphoni umiodide and/or bromde, is
either one of the following (d) and (e) : 5 (d) A liquid obtained by
diluting the reaction solution withdrawn fromthe reaction step, with an
organic solvent, (e) Aresidue after distilling off water and/or at |east a
part of the al kylene derivative as the desired 10 product fromthe reaction
solution withdrawn fromthe above reaction step, or a liquid obtai ned by

di ssolving such a residue in an organic,solvent. (17) The method according
to any one of the above (13) to (16), characterized in that the recovered

qguat ernary 15.phosphoni um i.odi. de .and/ or_.bromi de is r.ecycled to the above
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to form an al kyl popat.e, c ter] I,n, that | pdi de d/ or
bromde is a%&lle%/ O??)%g%%{l%e{}r elscoefrlphcﬁe%c r?g{éazoefguﬂa erﬂrgjglrly&ghﬂogg p%(%niaur%é]chl oride
and a quat er nar)y. phosphoni um i odi de and/ or bromnm de, obtained fromthe 25

reaction step, to have the quaternary phosphonium chloride converted to a
quaternary phosphofy ymi Qdide ol ALa s Prade, c Y Chhéd Srddecipitated in

water, and 12 recovered and recycled to the reaction step.
solution withdrawn from the reaction step, with an
organic solvent,
(e) A residue after distilling off water and/or at

least a part of the alkylene derivative as the desired

10 product from the reaction solution withdrawn from the
above reaction step, or a liquid obtained by dissolving
such a residue in an organic solvent.
(17) The method according to any one of the above (13) to
(16), characterized in that the recovered quaternary

15 phosphonium iodide and/or bromide is recycled to the
above reaction step.
(18) A process for producing an alkylene derivative,
which comprises a reaction step of reacting an alkylene
oxide and carbon dioxide by means of a quaternary

20 phosphonium iodide and/or bromide as a catalyst to form
an alkylene carbonate, characterized in that an iodide
and/or bromide is added to a mixture comprising a
quaternary phosphonium chloride and a quaternary
phosphonium iodide and/or bromide, obtained from the

25 reaction step, to have the quaternary phosphonium

chloride converted to a quaternary phosphonium iodide

and/or bromide, which 1is precipitated in water, and



(19) A process for producing an al kyl ene derivative, which conprises a
reaction step of reacting an al kyl ene oxi de and carbon di oxi de by neans of
a quaternary 5 phosphoni umi odi de and/or brom de as a catalyst to form an
*al kyl ene carbonate, characterized in that an iodide and/or brom de is added
to a mxture conprising a quaternary phosphonium chloride and a quaternary
phosphoni um i odi de and/or brom de, obtained fromthe io reaction step, to

| et chlorine derived fromthe quaternary2phosphonium chloride precipitate
as an inorganic chloride in an organic solvent, whereby the quaternary

phosphoni um ixedicAR @d/R1d MRided $J ety et i Jregycl ed to the reaction
step. 15 In the present invention, when the reaction solution containing

the catal yst (i19)a higiHdeRC ey Fridauand on 1K 1caialgstivwad Mid on, is m xed
with water, the iodide or bromde will precipitate, while the chloride

derived fromyHike eRirpnise Md |rda@ithich ag e $50InREHihd e |d108 bne20
Nanel y, each of the iodide, bromde and chloride is highly soluble in an
al kyl ene gl yeotide =ard aldeoeneliccdrdeonat enednyd dfhe iqaditderraarbr om de has a
|l ow solubility in water, while the chloride has a high solubility in

wat er . Bys5 sulgjhectphegitdre iprddciepiarat /et dquairdrdraras 26 qatesipreoni i fada de or
brom de to solid-liquid separation, it is easily possible to separate and
recover the agatadllysitenel Farhenate pradwamctianiand om thet eat dladtderay be

and/or bromide is added to a mixture comprising a

quaternary phosphonium chloride and a quaternary

phosphonium iodide and/or bromide, obtained from the

10 reaction step, to let chlorine derived from the
quaternary phosphonium chloride precipitate as an
inorganic chloride in an organic solvent, whereby the

quaternary phosphonium iodide and/or bromide is recovered

and recycled to the reaction step.

15 In the present invention, when the reaction solution
containing the catalyst in a high concentration and/or
the catalyst solution, is mixed with water, the iodide or
bromide will precipitate, while the chloride derived from
the catalyst will remain as dissolved in the liquid.

20 Namely, each of the iodide, bromide and chloride is
highly soluble in an alkylene glycol or an alkylene
carbonate, but the iodide or bromide has a low solubility
in water, while the chloride has a high solubility in
water. By subjecting the precipitated quaternary

25 phosphonium jodide or bromide to solid-liquid separation,
it is easily possible to separate and recover the

catalyst.



precipitated, for exanple, as follows. (1 The reaction solution containing
the catal yst and/or the catalyst solution, is mxed with water and then 5
cooled. 22 Fromthe reaction solution containing the catalyst and/or the
catal yst solution, at least a part of the alkylene glycol, is renoved,
followed by mxing with water. 10 In such a case, cooling operation is not
necessarily required. However, in order to lower the solubility of the
catalyst, it is preferred to carry out ti® cooling. The quaternary
phosphoni um i odi de or brom de thus recovered, can be recycled to the
reaction step forInetibe.pré&Sefth fheenthen, hahd, canaflizetsmpar deed |i qui d
after recovery of the quaternary phosphoni umiodi de or brom de by

sol i d-1i qui dpsepapataterd, afguatermpiy, phesfldiiows. chl ori de as a chlorine
salt, is contained. This quaternary phosphonium chloride nay be converted
to a 20 quat @ naryhphpsphohounsbddtienocohtaihdagbyhe. gathdgstexndaoge, and
then recovered, or recycled in a solution state to the reaction step for
reuse. Furthehe catehwspr eséntipnvensi naxebywaddi wgtem anddicdenand/ or

brom de to a m xture conprising a 25 quaternary phosphonium chloride and a
quat ernary phRespHeni um i odi de and/ or broni de, obtained froma reaction
step of reacting an al kyl ene oxide with water or 14 carbon dioxide in the
presence of @%rboﬁrqmoghgerbycﬁégnssolution containing the catalyst

and/or the catalyst solution, at least a part of the
alkylene glycol, is removed, followed by mixing with
water.

10 In such a case, cooling operation is not necessarily
required. However, in order to lower the solubility of
the catalyst, it is preferred to carry out the cooling.

The quaternary phosphonium iodide or bromide thus
recovered, can be recycled to the reaction step for reuse.

15 On the other hand, in the separated liquid after
recovery of the quaternary phosphonium iodide or bromide
by solid-liquid separation, a quaternary phosphonium
chloride as a chlorine salt, is contained. This
quaternary phosphonium chloride may be converted to a

20 quaternary phosphonium iodide or bromide by e.g. ion
exchange, and then recovered, or recycled in a solution
state to the reaction step for reuse.

Further, in the present invention, by adding an
iodide and/or bromide to a mixture comprising a

25 quaternary phosphonium chloride and a quaternary

phosphonium iodide and/or bromide, obtained from a

reaction step of reacting an alkylene oxide with water or



of a quaternary phosphoni umiodi de and/or brom de catalyst, it is possible
to convert the quaternary phosphoniumchloride in the mxture to an iodide
and/or 5 brom de. Thus, the already present quaternary phosphonium i odide
*and/ or brom de, and the quaternary phosphonium i odi de and/ or brom de forned
by the reaction of the quaternary phosphonium chloride with an iodide

and/ or brom de, can be precipitated in water and i o recovered as
precipitates. In the follow ng, the m xtugte conprising the quaternary
phosphoni um chl ori de and the quaternary phosphoni um i odi de and/ or brom de,

t o whi ch t heciagthode diaxdGer il duied @ries cadded ft @agtoredi cohigleuat enerwarsy 15
phosphonium chloride to a quaternary phosphonium i odi de and/or brom de, may
sonet i nes beofefequed ernaay ‘phiosphonitur 6 odd dee andeatredronfude her, in the

following, the liquid flowing out fromthe reactor, or the liquid
wi t hdr awn fr omtedesiteadttorls Py sddrhst itive s oy ardf dheediuad 2Masivpl y as "t he
reaction solution”, and the liquid in which the catalyst is concentrated by

separ at i ng wahesphand urthehdlokyiiden & ngltjsomigt uriee tal I deslicte Baybtar from
the reaction solution by distillation, may sonetinmes be referred to sinply
as "the cat abyemisigl-ut Thas, pheThdrprd¥eRreFAREnENBReKAF e appl i cabl e
directly to the reaction solution containing the catalyst, wthdrawn from
t he reacti onPHOSPhOsL WEn 189S 7& Y |0yc &I ofyl nd fhe i BirEesaohat e, as
the m xture to be_treated. _. ) )
phosphonium iodide and/or bromide formed by the reaction
of the quaternary phosphonium chloride with an iodide
and/or bromide, can be precipitated in water and
10 recovered as precipitates.
In the following, the mixture comprising the
quaternary phosphonium chloride and the quaternary
phosphonium iodide and/or bromide, to which the ipdide
and/or bromide is added to convert the quaternary
15 phosphonium chloride to a quaternary phosphonium lodide
and/or bromide, may sometimes be referred to as “the
mixture to be treated”. Further, in the following, the
liquid flowing out from the reactor, or the liquid
withdrawn from the reactor, may sometimes be referred to
20 simply as “the reaction solution”, and the liguid in
which the catalyst is concentrated by separating water
and the alkylene glycol or the alkylene carbonate from
the reaction solution by distillation, may sometimes be
referred to simply as “the catalyst solution”.
25 The present invention may be applicable directly to

the reaction solution containing the catalyst, withdrawn

from the reaction step for an alkylene glycol or an



However, as another nmethod, it may be applied to a liquid after
precipitating and recovering a part of the catalyst by adding water to a

| i quid-form catal yst solution or a 5 solid-formresidue after renoving by
*distillation a part or all of the al kylene glycol or the al kyl ene carbonate
as the solvent in the reaction solution (hereinafter, the recovery
operation by precipitating a part of the catalyst by adding water to such a
catal yst solution or a 10 solid-formresidue, may sonetines be referred to
as "the pre-recovery"). By such pre-recovery treatnent, the concentration
of the quat eridwl grrosEidninahehlayy ithe imixttiree ixthe eetentbedtreat ed, can be
increased, and it is possible to increase the conversion to and the
recovery 15 dfovteheemuatse rarartherhosyiiond umt owiyddampmlidt o de. 1idNaiel vy,

t he quaternary phosphoni um i odi de and/or brom de has a | ower solubility in
wat er than t ke tequatraTiaitastioep o ureahiaringe.a Avodr dihdgihe datalest
addition of water, nost of the quaternary phosphoni um 20 i odi de and/ or

bromi de wi || e gsiddeigpinadiasd, tars |1e qrsisi-fsfrm tdadt ajus tersrakyt Ifrosphani um
chloride will be dissolved in water. By such pre-recovery treatnent, the
concent r abi osolgfdthigemyrasdidng v Ifivss premaime A rdikt il ateomixtra®et t o be
treated can be increased, and it is possible to 25 increase the conversion
to and the r &dovdrly f thee alduaksstn &Y PHosphdtiaurh o ene arirkenatdn de.
Further, as another nethod, at the tinme of carrying 16 out the

above- nent i orfed Gt -SAEHAT N ithe FRAGIL AN FEHgition (hereinafter, the

recovery operation by precipitating a part of the
catalyst by adding water to such a catalyst solution or a

10 solid-form residue, may sometimes be referred to as “the
pre-recovery”). By such pre-recovery treatment, the
concentration of the quaternary phosphonium chloride in
the mixture to be treated, can be increased, and it is
possible to increase the conversion to and the recovery

15 of the quaternary phosphonium iodide and/or bromide.

Namely, the quaternary phosphonium iodide and/or

bromide has a lower solubility in water than the
quaternary phosphonium chloride. Accordingly, by such
addition of water, most of the quaternary phosphonium

20 iodide and/or bromide will be precipitated, while most of
the quaternary phosphonium chloride will be dissolved in
water. By such pre-recovery treatment, the concentration
of the quaternary phosphonium chloride in the mixture to
be treated can be increased, and it is possible to

25 ilncrease the conversion to and the recovery of the
quaternary phosphonium iodide and/or bromide.

Further, as another method, at the time of carrying



water to the catalyst solution or the solid-formresidue, an aqueous

sol ution having an iodide and/or brom de dissolved, may be used, whereby
the recovery rate of the 5 quaternary phosphoni umi odi de and/ or brom de nay
‘be increased. In either nethod, when an iodide and/or bromde is added to
t he quaternary phosphonium chloride dissolved in water, the quaternary
phosphonium chloride is 10 precipitated in the formof the iodide and/or
brom de, and in the solution, the chloriide corresponding to the added
conpound remai ns as di ssol ved. Accordingly, the precipitated product is
subj ect ed t o ®dl ithe iaphovk-rmparenedpravreeiyehe insteadarf gphdsphoni um
chloride 15 can easily be separated and recovered in the formof the

quat er nary phesphorfiamhediate et orobiiomueor THee gtk ednoym presidioni um

i odide and/or brom de thus recovered may be recycled for use to the
reaction sta@n fasfuadiss Hadutermn dlarsiolg an tirdidganhor dponide. 20
Further, according to the present invention, by adding an iodide and/or
broni de to adHisaUreetomy Fndised quatereRy yClvhdssreim tatoredetmd a
quaternary phosphoni um i odi de and/or brom de, obtained fromsuch a
reaction 5t e SLTHRY RhQHRven FEt c\ed e tasil/ e hramide amBrivee deri ved
fromthe quaternary phosphoniumchloride precipitate as an inorganic
chloride in tH¥ €t solvent, it is possible to recover the quaternary

17 hosphoni um i odi de and/ or bhrom de.
P P In either method, &%en an iodide and/or bromide is

added to the quaternary phosphonium chloride dissolved in
water, the quaternary phosphonium chloride is

10 precipitated in the form of the iodide and/or bromide,
and in the solution, the chloride corresponding to the
added compound remains as dissolved. Accordingly, the
precipitated product‘is subjected to solid-liquid
separation, whereby the quaternary phosphonium chloride

15 can easily be separated and recovered in the form of the
quaternary phosphonium iodide and/or bromide.

The quaternary phosphonium iodide and/or bromide
thus recovered may be recycled for use to the reaction
step for the alkylene glycol or the alkylene carbonate.

20 Further, according to the present invention, by
adding an iodide and/or bromide to a mixture comprising a
quaternary phosphonium chloride and a quaternary
phosphonium iodide and/or bromide, obtained from such a
reaction step or from the above recovery step, to let

25 chlorine derived from the quaternary phosphonium chloride
precipitate as an inorganic chloride in the organic

solvent, it is possible to recover the quaternary



Napely, by adding an iodide and/or bromde to a mxture conprising the

quat ernary phosphonium chloride and the quaternary phosphoni umi odi de

and/ or brom de, 5 obtained fromthe reaction step of reacting an al kyl ene
‘oxide with water or carbon dioxide in the presence of carbon dioxide by
means of a quaternary phosphonium iodide and/or brom de catalyst to form an
al kyl ene glycol or an al kyl ene carbonate, it is possible to have the 10
guat ernary phosphoni um chloride in such a7m xture converted to a quaternary
phosphoni um i odi de and/or brom de. On the other hand, by letting chlorine
derived fromhos@hgumdver naxdideh@sph/er dmarhilder.i de precipitate as an

i norgani c chloride having a low solubility in an 15 organic solvent, in the
organi ¢ sol vent ahdmsdyar i rgdinige apr doiddideatead /iomobgamicdecticor de, it is
possible to recover the quaternary phosphoni umiodi de and/or brom de

di ssol ved i nmikduneg@empras vantthe uate inairyowhegphauciuma eldperigtd on to | et
chlorine 20 derived fromthe quaternary phosphoniumchloride precipitate
as an i nor gagingd deoduddsrimnagy ehparhonisyl agidenyarsbiast ibnemiste referred to
as "the operation to recipitate an inorganic chloride". Further, the

m xture eomebitSiimgda dhrameasitosph eHarmadth | kaa e neh ciia. S25KYRiteer nar y
phosphoni um i odi de and/or brom de, to which an .iodide and/or bromide is to
be added to l&idehMErtihaadier e RIS KEox isifosiphdhaumraadiqd©hreci pitate

as an 18 inorganic chloride, my also be referred to_as "the
carbon dioxide by means of a guaternary phosphonium

iodide and/or bromide catalyst to form an alkylene glycol
or an alkylene carbonate, it is possible to have the

10 quaternary phosphonium chloride in such a mixture
converted to a quaternary phosphonium iodide and/or
bromide. On the other hand, by letting chlorine derived
from the quaternary phosphonium chloride precipitate as
an inorganic chloride having a low solubility in an

15 organic solvent, in the organic solvent and separating
the precipitated inorganic chloride, it is possible to
recover the quaternary phosphonium iodide and/or bromide
dissolved in the organic solvent.

In the following, such an operation to let chlorine

20 derived from the quaternary phosphonium chloride
precipitate as an inorganic chloride in an organic
solvent may sometimes be referred to as “the operation to
precipitate an inorganic chloride”. Further, the mixture
comprising a quaternary phosphonium chloride and a

25 quaternary phosphonium iodide and/or bromide, to which an
iodide and/or bromide is to be added to let chlorine of

the quaternary phosphonium chloride precipitate as an



m xture to be treated". The separated liquid after converting the quaternary
phosphonium chloride to the iodide or bromde and letting 5 chlorine
derived fromthe chloride precipitate as an inorganic chloride in the
organi ¢ solvent and separating the inorganic chloride, contains the
guat ernary phosphoni um i odi de and/or brom de dissolved in the organic
sol vent. Accordingly, by renoving the organic 10 solvent in the separated
|'i quid by evaporation, the quaternary phasphoni umi odi de and/or brom de can
be recovered in the formof a solid. The recovered quaternary phosphoni um
i odi de and/ orirtrmardies eyl del devasteed adisd watmeerferfediass rad, “tEmel t hen, it
may be, as it 15 is or after being dissolved in a proper solvent, recycled
for use in thextenct iton st dprdagredh. al kyl ene gl ycol or an al kyl ene
carbonate. BEST MODE FOR CARRYI NG QUT THE I NVENTI ON 20 Now, the practi cal
mode of the procedhe repamedas Ag auad @iodre memyieanamftheherystessmry
invention is described in detail. In the follow ng, the present invention
i s descri bed phwsinfianivin thlegpats to thedsdigrerar ihrdmidppne@dlet ng 25
reaction to produce ethylene glycol fromethylene oxide by neans of a
quat er nar § pldsshomardewaie feamithe chhinridseormageratavantandn is by no
means restricted thereto.. 19 _For exanple, the present invention is suitably
appl i cabl e dIFIAN I PFURAR i 6h ©GFe VRTBUS FINEHe Y HRAT b

the inorganic chloride, contains the quaternary

phosphonium iodide and/or bromide dissolved in the

organic solvent. Accordingly, by removing the organic

10 solvent in the separated liquid by evaporation, the

quaternary phosphonium iodide and/or bromide can be

recovered in the form of a solid. The recovered

quaternary phosphonium iodide and/or bromide may be

washed with water, if desired, and then, it may be, as it

15 is or after being dissolved in a proper solvent, recycled
for use in the reaction step for an alkylene glycol or an

alkylene carbonate.

BEST MODE FOR CARRYING OUT THE INVENTION

20 Now, the practical mode of the process for producing
an alkylene glycol of the present invention is described
in detail.

In the following, the present invention is described

mainly with respect to a case where it 1s applied to a

25 reaction to produce ethylene glycol from ethylene oxide
by means of a quaternary phosphonium iodide catalyst, but

the present invention is by no means restricted thereto.



as the production of propylene glycol frompropylene oxide. 5 Further, the
present invention is |ikewise applicable to a case where a quaternary
phosphoni um brom de is enployed as the catalyst, or to a case where a
guat er nary phosphoni umi odi de and a quaternary phosphoni um brom de are used
in conbination as catalysts. 10 Further, as nentioned above, the present
invention is also applicable to a reaction to produce an al kyl ene
carbonate such as ethyl ene carbonate, inl@a manner simlar to such a process
for producing al kyl ene glycol by changing the reaction conditions to |ower
the reacti onFo5 esapelat utdet pregemte Ssviemnd iomodusc tsudrt adf1 yva el kiyd adnlee
gl ycol such as ethylene glycol. Further, it can also be applied to a
reacti on wheréisp bot lthehpradugtemn odfr yewrdtoas adkwtiers Igdyerrel gl yooth are t he
desired products. Further, in the follow ng, a method is also 20 exenplified
wherei n an i edi dbe pradaed iton e priopviens glyselt femmedraw e a
quat ernary phosphoni um chloride converted to a quaternary phosphoni um
i odide for re&ddery. Instead of the iodide, a brom de nmay be added to have
the quaternary phosphonium chloride converted to a quaternary 25
phosphoni am br omFd& Gher r ddisy @Besant amveihin arfid lalkewo?® de may be added
in conbination to have the quaternary phosphonium chloride converted to a
quat ernary 2@PPRRESPAGNIEOME 6@iSFe WARE Sa 3q GRESFHAF Yp BB UHDr oni de,  for
recovery.
y bromide is employed as the catalyst, or to a case where a
guaternary phosphonium iodide and a quaternary
phosphonium bromide are used in combination as catalysts.
10 Further, as mentioned above, the present invention
is also applicable to a reaction to produce an alkylene
carbonate such as ethylene carbonate, in a manner similar
to such a process for producing alkylene glycol by
changing the reaction conditions to lower the reaction
15 temperature to suppress the production of an alkylene
glycol such as ethylene glycol. Further, it can also be
applied to a reaction wherein both the alkylene carbonate
an the alkylene glycol are the desired products.
Further, in the following, a method is also’
20 exemplified wherein an iodide is added to the mixture to
be treated, to have a quaternary phosphonium chloride
converted to a quaternary phosphonium iodide for recovery.
Instead of the iodide, a bromide may be added to have the
quaternary phosphonium chloride converted to a quaternary
25 phosphonium bromide for recovery, or an iodide and a

bromide may be added in combination to have the

quaternary phosphonium chloride converted to a quaternary



Further, in the followi ng, a nmethod may be exenplified wherein an inorganic
iddide is added to the 5 mixture to be treated to have a quaternary
phosphoni um chl ori de converted to a quaternary phosphonium i odi de, and at
the same time, chlorine derived froma quaternary phosphoniumchloride is
precipitated as an inorganic chloride. Instead of the iodide, a brom de may
be added 10 to have the quaternary phosphoni um chl oride converted to a
guat er nary phosphoni um brom de, and at t same tinme to let chlorine
derived fromthe quaternary phosphonium "chloride precipitate as an

i nor gani ¢ _chlgciorfum@n odiodl Rnd Ui 18, BHo i addad babReabI nat i on

to have 15 the quaternary phosphoniumchloride converted to a quaternary
phosphoni um ifedi 4@ RR&ES, quaternary phosphoni um broni de and at the sane
time to let chlorine derived fromthe quaternary phosphoni um chl ori de

precipitate as arifHLaN & HHOrESdEL owdthdf\S HudEid@maphasphoni um catal ysts
which may be wused in the present invention, the conpounds disclosed in

JP- B- 58- 2244& yamp 106 intireied.n BiicRlrgaitic Maidoris exd@igd o benhe
tri phenyl met hyl phosphoni um i odi de, tri phenyl propyl phosphoni um i odi de, 25

tri phenyl benzylxphaspheniventeditdsl ad hdvd kitgldtithd phespisphermumdi de.
Such a quaternary phosphoniumi odide catalyst is preferably supplied to the
21 reaction gVsrdMes @drigirtddd wd la kfidtrearm30PhdspHbrium tideidyy, ol to

et hyl ene oxi de. Further, when a
and at the same time, chlorine derived from a quaternary
phosphonium chloride is precipitated as an inorganic
chloride. Instead of the iodide, a bromide may be added

10 to have the quaternary phosphonium chloride converted to
a quaternary rhosphonium bromide, and at the same time to
let chlorine derived from the quaternary phosphonium
chloride precipitate as an inorganic chloride, or an
iodide and a bromide may be added in combination to have

15 the quaternary phosphonium chloride converted to a
quaternary phosphonium iodide and a quaternary
phosphonium bromide and at the same time to let chlorine
derived from the quaternary phosphonium chloride
precipitate as an inorganic chloride.

20 As quaternary phosphonium catalysts which may be
used in the present invention, the compounds disclosed in
JP-B-58-22448 may be mentioned. Typical ones may, for
example, be triphenylmethylphosphonium iodide,
triphenylpropylphosphonium iodide,

25 triphenylbenzylphosphonium iodide and

tributylmethylphosphonium iodide. Such a quaternary

phosphonium iodide catalyst is preferably supplied to the



quat er nary phosphoni um brom de catalyst is to be enployed,

a bromnm de

catal yst corresponding to the above quaternary 5 phosphoni umi odi de cat al yst
may be enployed, and its suitable amount is equal to the quaternary
phosphonium iodide catalyst. In the present invention, an alkali netal
carbonate may be coexistent as a co-catalyst in the reaction system 10

whereby the efficiency for the formation of ethylene glycol
increased. To let the al kali netal carbg@ate be coexi st ent
onate of an al kal

system a hydroxide, carbonate or bicar

may be
in the reaction
netal such as

sodi um or poLasIItiBn RhAfRMY fiass WM11mMe be-dke dded.cand, gden any one

of the alkali netal conpounds is added, it will be present

in the formof a

carbonate in¢ithe yeadl ab sgtamnd i, cesernan,alkak et al carbonat e,
preferably potassium carbonate, is preferably |ncorporated so that it wll

be from 0. 01 d@tkrdard PHRApEIhiA iIrdd ddhefuateinary ww@ﬁbwé@dl de.
The anpunt of water to ethylene oxide nay be reduced to the

st oi chi onet r izL HronieNtc aa llyare lcdiasgdiiinglere i Gipan dhiec & achy on
system However, it is preferably used in an anount of from11.0 to 10.0

tinmes by 25 mhosphaeii enslidd datdfirdtheray We Renalrdyasd dignd disss a

sufficient effect can be obtained in an anpbunt of at nost

equi nolar to

et hyl ene oxi @i taid direrure Usualqueindid ithe qiAdtdrindrs, esfdapteshiuin an anount

of from0.1 to 5.0 nols per nol of ethylene oxide. However,

not iodide catalyst.

such a ratio is

In the present invention, an alkali metal carbonate

may be coexistent as a co-catalyst in the reaction system,

10 whereby the efficiency for the formation of ethylene

glycol may be increased. To let the alkali metal

carbonate be coexistent in the reaction system,

a

hydroxide, carbonate or bicarbonate of an alkali metal

such as sodium or potassium, preferably potassium, may be

15 added, and when any one of the alkali metal compounds is

added, it will be present in the form of a carbonate in

the reaction system. In this case, an alkali metal

carbonate, preferably potassium carbonate, is preferably

incorporated so that it will be from 0.01 to 1 in a molar

20 ratio to the quaternary phosphonium iodide.

The amount of water to ethylene oxide may be reduced

to the stoichiometrical amount or lower than that

depending upon the reaction system. However,

it is

preferably used in an amount of from 1.0 to 10.0 times by

25 mol to ethylene oxide. Further, with carbon dioxide, a

sufficient effect can be obtained in an amount of at most

equimolar to ethylene oxide, and under a usual condition,



.

necessarily strictly limted. The reaction tenperature varies dependi ng upon
the 5 type of the al kyl ene oxide, the type of the catalyst, the conposition
of the reaction solution at the initial stage of the reaction, etc., but,
the reaction is usually carried out within a range of from50 to 180C. The
pressure varies dependi ng upon the anmpbunt of carbon 10 di oxi de, the reaction
tenperature, etc., and it nmay further vary dependi ng upon the progress of
the reaction, but it is carried out usugbly within a range of from0.5 to
5.0 MPa. The type of the reactor is not particularly limted, 15 so long as
it is one whdrtehys tdwplgased iiquiah reesmtntorp aironbe sihoat H Y0 carks quewout .
Further, the nunber of reactors and the retention tine, are selected so
that the desimodd oft@hlerlsiren wanide dHoweveed. sBaht heratie ascase where

et hylene glycol is to be produced, a reactor nay be added 20 as the case
requi res to medrasspaze lat i minet lparlbiomidted i n - the reaction solution. Fromthe
reaction solution discharged fromthe reactor, water and the majority of
ethyl ene glycol &Ffee wepamedtdyoeliatite ardores Thererdinedoon quie (the 25
catal yst solution) containing the catalyst will be recycled to the reactor

so that the dames st thie |aldey keswl o%igRe n the tyme refadthieorca 28l y oD IROR
EFFI Cl ENTLY RECOVERI NG THE QUATERNARY PHOSPHONI UM | CDI DE OR BROM DE
CATALYST FROVCTHRSREACT @f the reaction solution at the initial stage

of the reaction, etc., but, the reaction is usually
carried out within a range of from 50 to 180°C. The
pressure varies depending upon the amount of carbon

10 dioxide, the reaction temperature, etc., and it may
further vary depending upon the progress of the reaction,
but it is carried out usually within a range of from 0.5
to 5.0 MPa.

The type of the reactor is not particularly limited,

15 so long as it is one whereby the gas-liquid reaction can
be smoothly carried out. Further, the number of reactors
and the retention time, are selected so that the desired
conversion can be attained. Further, in a case where
ethylene glycol is to be produced, a reactor may be added

20 as the case requires to hydrolyze ethylene carbonate in
the reaction solution.

From the reaction solution discharged from the
reactor, water and the majority of ethylene glycol are
separated by distillation. The remained liquid (the

25 catalyst solution) containing the catalyst will be
recycled to the reactor so that the catalyst will be used

again for the reaction.



SYSTEM AND RECYCLING IT FOR REUSE 5 In a case where the catalyst is to be
recovered from the reaction solution discharged fromthe reactor, the

catal yst concentration is thin, and the catalyst can hardly be
precipitated, as it is, and accordingly, it is preferred to renove water
and et hyl ene glycol contained 10 in the reaction solution to increase the
catalyst concentration, followed by m xing (the catalyst after renoval of
et hylene glycol) again with water. In a gase where the catal yst solution is
used for recovery of the catalyst, it is possible to recover the 15
catalyst by mxing the solution as it is with water, but it is preferred to
further renove the contained ethylene glycol by distillation, foll owed by
m Xi ng wi th MUDE ROR EFRFUIGUENTLe REACMBRSING ITHEOIQIBYTRRNARYr ease t he
recovery rate of the catalyst. 20 Nanely, in this reaction, at |east part
of the reactHHOSREBINGUM TONIOhOR BRAUMISE SHTHLYSET iIFROM (THE RBACTI@N such a
reaction step, and water and the al kylene glycol, or the al kyl ene glycol,
is renoved sENITEM A RIESIYAILING 1§ TOR REUREKY| ene gl ycol to the catal yst
25 contained in the solution be at nost 20 tines when the nolar ratio is

hi gher than that ,Irprefeasshiwhene fdw catiale/st fid |ondee seedwered vExdmwat er
again. 24 In a case where the nolar ratio of the al kyl ene glycol to the

cat al yst conttdienéaat ittie ssgluitiiasn disqhamsged tiram 2he ivgesctisr ndihe wat er may

sinply be mxed to have _ o
catalyst concentration is thin, and the catalyst can

hardly be precipitated, as it is, and accordingly, it is
preferred to remove water and ethylene glycol contained

10 in the reaction solution to increase the catalyst
concentration, followed by mixing (the catalyst after
removal of ethylene glycol) again with water.

In a case where the catalyst solution is used for
recovery of the catalyst, it is possible to recover the

15 catalyst by mixing the solution as it is with water, but
it is preferred to further remove the contained ethylene
glycol by distillation, followed by mixing with water to
recover the catalyst, in order to increase the recovery
rate of the catalyst.

20 Namely, in this reaction, at least part of the
reaction solution or the catalyst solution is withdrawn
from such a reaction step, and water and the alkylene
glycol, or the alkylene glycol, is removed so that the
molar ratio of the alkylene glycol to the catalyst

25 contained in the solution be at most 20 times when the
molar ratio is higher than that, preferably at most twice,

followed by mixing with water again.



¢

the catal yst precipitated and recovered. 5 Wien the liquid wi thdrawn from
the reaction step is to be mxed with water, there nmay be a case where
cooling is required to let the quaternary phosphoniumiodide precipitate.
Nanely, the. solubility of the quaternary phosphoniumiodide in water or

et hyl ene glycol will be 10 smaller as the tenperature is |lower. The reaction
solution withdrawn fromthe reaction step is usually at a |level of from 100
to 180C. It is preferred to cool the reggtion solution so that the
tenperature of the solution after being mxed with water 15 becones at nost
30C, preferably dn a lcasd wiede arthd nala?2 (Gt ides £byhée hel kybéwe nar y
phosphoni um i odi de can be precipitated nore efficiently. Wether or not
such cool i ngliysaledqun rdey dasadetsdr mardth idepknidi nthel ponl uthieon t esrpeswdtir e of
the reaction solution and the tenperature 20 and anount of water to be

m xed. Furthdahant @OCertsiores tthe murleciwsitteat imyy, Simply e efisredcmdtavoaly to
carry out the cooling but also to add or prelimnarily incorporate seed
crystal s, whéhebya e sdf fossic ifrgrt girast ignid atdamvaneter a stabilized condition
25 will be large. Further, if at least a part, preferably the mgjority, of
t he produBt et hylWdmn dgiheolidqwlq enosiedr Fwvorfidre theuieRroBion sthep aiw from
the reaction step, for exanple, if ethylene glycol (which nmay contain
water) is rermsvée dgxachatl thheadsiral Seromeahtieatd oirss IWheye godking 40
Wt %

? is required to let the quaternary phosphonium iodide
precipitate. Namely, the solubility of the quaternary
phosphonium iodide in water or ethylene glycol will be

10 smaller as the temperature is lower.
The reaction solution withdrawn from the reaction

step is usually at a level of from 100 to 180°C. It is
preferred to cool the reaction solution so that the
temperature of the solution after being mixed with water
15 becomes at most 30°C, preferably at a level of from 0 to
20°C, whereby the quaternary phosphonium iodide can be
precipitated more efficiently. Whether or not such
cooling is required, is determined depending upon the
temperature of the reaction solution and the temperature
20 and amount of water to be mixed.

Further, to ensure the precipitation, it is
preferred not only to carry out the cooling but also to
add or preliminarily incorporate seed crystals, whereby
the effect for precipitation under a stabilized condition

25 will be large.
Further, if at least a part, preferably the majority,

of the product ethylene glycol is removed from the liquid



foll owed by m xing such a liquid with water, the 5 quaternary phosphoni um

i odi de can be precipitated without necessity to carry out cooling, but it
is still preferred to cool it to a |evel of at nost 40C, whereby the
precipitation can efficiently be carried out. The ampbunt of water to be

m xed, varies depending 10 upon the amount of the quaternary phosphoni um
iodide in the reaction solution, the anmount of ethylene glycol, the anount
of the chloride, cooling or not cooling, ;khe recovery efficiency of the
desired quaternary phosphonium iodide, etc., but if the anbunt is too

smal |, filtrakitomAin et thdeardiddisnl dsepndedheceiddd ency to dissolve
the quaternary phosphoniumchloride tends to deteriorate. On the other

hand, if t he_eaﬂ?m;né Y1 angeicH hypeiita of wdther quat erdasye@hosphoni um
i odide contained in the liquid phase after separating the quaternary

phosphoni um igditdesheGdtendst cdnwdreasesidsua 1y, bd her areast of weser to be
added in one treatnent is suitably determined within a range of at |east

0.1 tinme by vwejldibwednsf eriabing fewdh G 1igoid witeswdyereighd, to the liquid
to be treated. The |iquid phase after separated fromthe solid can 25 be
used agai B agjusdeamdr piasdpHshivie Tebhicde arars Galtpdcipi et edtal yisdut
solution or the catal yst separated from ethylene glycol. In such a case, if
it is used 2Gegeapaatedly asrmatert fasoash) eyt tie toncelll aprofepfed he
guat er nary phosphoni um chloride contained in the water for washing wl|
i ncrease, whaielypdlhe tcanwentIate brodHfat most 40°C, whereby the
precipitation can efficiently be carried out.
The amount of water to be mixed, varies depending
10 upon the amount of the guaternary phosphonium iodide in
the reaction solution, the amount of ethylene glycol, the
amount of the chloride, cooling or not cooling, the
recovery efficiency of the desired quaternary phosphonium
iodide, etc., but if the amount is too small, filtration
15 tends to be difficult, and the efficiency to dissolve the
gquaternary phosphonium chloride tends to deteriorate. On
the other hand, if the amount is too large, the amount of
the quaternary phosphonium iodide contained in the liquid
phase after separating the quaternary phosphonium iodide,
20 tends to increase. Usually, the amount of water to be
added in one treatment is suitably determined within a
range of at least 0.1 time by weight, preferably from 0.1
to 5 times by weight, to the liquid to be treated.
The ligquid phase after separated from the solid can
25 be used again as water for washing the reaction solution,

the catalyst solution or the catalyst separated from

ethylene glycol. In such a case, if it is used



the quaternary phosphonium chloride contained in the 5 quaternary
phosphoni umi odi de to be recovered, will increase, and accordingly, after
it is used for washing fromonce to five tines, it is replaced with fresh
“water for washing. A nethod wherein washing of the reaction solutionis 10
carried out a plurality of times to gradually change to water for washing
havi ng a | ow concentrati on of quaternary phosphonium chloride, nay al so be
carried out wthout any problem In a spgcific enbodiment of this
operation, cooled 15 water or a slurry of quaternary phosphoniumiodide is
prelimnnaril weplatieily w@sselterntbdt eadieaod | oths adotic Mt r £t idheo£atnbyst
solution and water are continuously or batch-w se supplied thereto, and the
m xt ur e t her efyatoMaatyasho solommiumushisdyides dad caineseim tiheraswer wher eby
20 it is possible to recover the precipitate contained therein, by
filtration. Hot eashing ovidelr irocisepss atwhetdiyy etite gt ycadniratiohhefreacti on
sol ution, an operation of separating ethylene glycol by distillation under
reduced presdiliee, 2 amyahe mlarspleshiount . chiderdemayorat sind@ Hepahat ed
together wth ethylene glycol. The precipitate thus obtained by m xing the
reacti on 287 oo o i o spdtaerium siakinde [ yo dodi xgd gvencdd vewigliat er nary
phosphoni um i odi de catal yst having an iodide content of at |east 90 w % and
a chlori de canteargasd#, adnd accordingly, after it is used for washing
from once to five times, it 1is replaced with fresh water
for washing.
A method wherein washing of the reaction solution is
10 carried out a plurality of times to gradually change to
water for washing having a low concentration of
quaternary phosphonium chloride, may also be carried out
without any problem.
In a specific embodiment of this operation, cooled
15 water or a slurry of guaternary phosphonium iodide is
preliminarily put in a vessel, and the reaction solution
or the catalyst solution and water are continuously or
batch-wise supplied thereto, and the mixture thereby
obtained is continuously or batch-wise withdrawn, whereby
20 it is possible to recover the precipitate contained
therein, by filtration.
Further, in order to separate ethylene glycol from
the reaction solution, an operation of separating
ethylene glycol by distillation under reduced pressure,
25 may be carried out. Water may also be separated together

with ethylene glycol.

The precipitate thus obtained by mixing the reaction



most 10 wt % and can effectively be recycled to the 5 reaction step for
reuse. Further, the separated |liquid after separating the precipitate of

t he quaternary phosphonium i odide, contains the chloride i.e. the
*quaternary phosphonium chloride. Such a quaternary phosphoni um chloride can
be 10 converted to a quaternary phosphoniumi odi de, for exanple, by a

nmet hod wherein the separated liquid is subjected to dehal ogenation
treatment with an OH type ani on exchange27resin, followed by neutralization
wi th hydrogen iodide, or chlorine ions are directly exchanged to iodine ions
by 15 an anissiluwxicimangelr esiresubiss ivsnadbye ifodiney adtusye t he  cat al yst
can be regenerated, and the regenerated catal yst thus obtained nay al so be
effectivel y re@dmmmo ahwspharsicin okrdide daralvaisdavimarmapptdide i on of
the present invention, a part 20 of the reaction solution my be

cont i nuous! y asmteandt e¥friat dredst Wi hilravang romhingr idaacrart et of iat
continuously operated, followed by recovery of the uat ernary phosphoni um

i odi de cat al ysist arfd wite anet svast e=f fenrtaieg harke mmpglm u¥R i B de cat al yst
may be recycled to 25 the reactor. In such a case, the anmount of the
reaction S5solifdPH AndF P thr aiiFR- of the catal yst solution, to be

w thdrawn for the recovery of the quaternary, 28 phosphoni um i odi de

catal yst, is not PaFEReul afby sepirebed Howevérafter overirabinegnthe the

chloride and to nmaintain the reaction efficiency at a high.level within a
range precipitate of the quaternary phosphonium iodide,

contains the chloride i.e. the quaternary phosphonium
chloride. Such a guaternary phosphonium chloride can be
10 converted to a quaternary phosphonium iodide, for example,
by a method wherein the separated liquid is subjected to
dehalogenation treatment with an OH type anion exchange
resin, followed by neutralization with hydrogen iodide,
or chlorine ions are directly exchanged to iodine ions by
15 an anion exchange resin substituted by iodine. Thus, the
catalyst can be regenerated, and the regenerated catalyst
thus obtained may also be effectively recycled to the
reaction step for reuse.
In an application of the present invention, a part
20 of the reaction solution may be continuously or
intermittently withdrawn from the reactor which is
continuously operated, followed by recovery of the
quaternary phosphonium iodide catalyst, and the recovered
quaternary phosphonium iodide catalyst may be recycled to
25 the reactor. In such a case, the amount of the reaction
solution and/or the amount of the catalyst solution, to

be withdrawn for the recovery of the quaternary



not to excessively increase the recovery cost of the 5 catalyst, it is
preferred to withdraw the reaction solution continuously or intermttently
for treatnment, when the weight ratio of the chloride to the iodide in the
*reactor becones within a range of from0.01 to 1.0. The anount of

w thdrawal is not particularly limted, but 10 preferably about 0.1 to 100
wt % based on the amobunt of the reaction solution or the anount of the
catal yst solution. EMBODI MENT | N WH CH TBE QUATERNARY PHOSPHONI UM CHLCORI DE
15 I N THE REACTI ON SYSTEM | S CONVERTED TO A QUATERNARY PHOSPHONI UM | QDI DE
AND/ OR BROM B osffidzH unS RECAEERED: AR t REGY GLAED PG tTHE REAGT | T Y&STEM FOR
REUSE The ratio or conposition of the quaternary phosphonium chloride and

i odi de cont aiHmver t hien muder eco 2knavdeche edilonr bmpandi hg ndintpiat er nary
phosphoni um chl ori de and i odide, according to the present invention, varies
dependi ng updihe heeacttian off Thd g ato 4 gdigle level hel phistessrdmge pr oduci ng
et hyl ene glycol, the breeding position, or the subsequent treatnent as
ment i oned belrow 25 gxcepsivelypriosaressorthseeneverdy tdestpret rdvovery
operation). The existing ratio and concentrations of the quaternary
phosphoni Bm 8 @ikt and i olinkeeferre® ve winkdray the beeagirred, are not
particularly Iimted. However, the higher the ratio of the chloride to the
i odi de and t9RlWorie Tt {BHPWT LY Her cHH YT teHel et @ rt Fe e e

vi ewpoi nt of the efficiency of the recaovery operation. o ,
when the weight ratio of the chloride to the iodide in

the reactor becomes within a range of from 0.01 to 1.0.
The amount of withdrawal is not particularly limited, but

10 preferably about 0.1 to 100 wt%, based on the amount of
the reaction solution or the amount of the catalyst

solution.

EMBODIMENT IN WHICH THE QUATERNARY PHOSPHONIUM CHLORIDE
15 IN THE REACTION SYSTEM IS CONVERTED TO A QUATERNARY
PHOSPHONIUM IODIDE AND/OR BROMIDE, WHICH IS RECOVERED AND
RECYCLED TO THE REACTION SYSTEM FOR REUSE
The ratio or composition of the quaternary
phosphonium chloride and iodide contained in the mixture
20 to be treated comprising the quaternary phosphonium
chloride and iodide, according to the present invention,
varies depending upon the ratio of chlorine to iodine in
the process for producing ethylene glycol, the breeding
position, or the subsequent treatment as mentioned below
25 (e.g. the presence or absence of the pre-recovery
operation). The existing ratio and concentrations of the

guaternary phosphonium chloride and iodide in the mixture



5 Nanely, the quaternary phosphoniumchloride to the quaternary phosphonium
iodide in the mxture to be treated is preferably at least 1/20, nore
preferably at |east 1/10, by nolar ratio, and the concentration of the
*quat ernary phosphoniumchloride in the mxture to be 10 treated is
preferably at least 0.1 wt% particularly preferably at least 1 wt% As
specific exanples for application of the present invention, the foll ow ng
respective nethods may be nentioned for2each of the nethod for obtaining
the 15 m xture to be treated and the nmethod for adding the iodide. They
will be sequertd il |yrebesst, bace et pdrtisholddlbel imidesdt odtbwehedr t he
present invention is by no neans restricted to the foll ow ng nethods. 20
APPLI CATI ON EXe\VRLgHeAstlee |rafuia abnttee ningprthide cat atlystjodigarandf the
liquid in the process for producing ethylene glycol is wthdrawn. So | ong
as it is a lithe dcourdgrimmmigpn hef et athylsir plesertie ilvet ber pfooesshet here i s
no particular 25 limtation as to the position at which it is wthdrawn. As
ment i oned abowieswrdient exfttilon ¢Ofidimming Btthe erscoryy odpérami et hyl ene
oxide is a two step reaction 30 conprising a reaction of ethyl ene oxide
with carbén NAmsde the fouatetigs e ehesplhomate chileride tgdrleysis of the
et hyl ene carbonate to formethylene glycol. Accordingly, in a case where
thi s reacti ordyaterayedhrapEmium eja@%/iﬁ% Bt dheldeizrurotetleps in series,

the liquid .
treated is preferably at least 1/20, more preferably at

least 1/10, by molar ratio, and the concentration of the
quaternary phosphonium chloride in the mixture to be

10 treated is preferably at least 0.1 wt%, particularly
preferably at least 1 wt%.

As specific examples for application of the present
invention, the following respective methods may be
mentioned for each of the method for obtaining the

15 mixture to be treated and the method for adding the
iodide. They will be sequentially described, but it
should be understood that the present invention 1s by no

means restricted to the following methods.

20 APPLICATION EXAMPLE T
As a liquid containing the catalyst, a part of the
liquid in the process for producing ethylene glycol is
withdrawn. So long as it is a liquid containing the
catalyst present in the process, there is no particular
25 limitation as to the position at which it is withdrawn.
As mentioned above, the reaction for forming ethylene

glycol from ethylene oxide is a two step reaction



fromthis production process may be withdrawn fromeither reactor or

wi't hdrawn from both reactors.

outlet of the reactor, in order to increase the recovery 10 rate of t
+ quaternary phosphoniumiodide in the later step, it is preferred that the
concentrations of the quaternary phosphonium chloride and iodide int
m xture to be treated, are high. Accordingly, in such a case, it 1is
preferred to distil off water, ethylene Pycol or 15 ethyl ene carbonate as

the solvent for concentration. The disti

distillation GRigiMind ¥ raddiie SVanataie ML RETM Sehsonised.
the concentration is carried out until the concentration of the

quaternary phasaieR Wy irRdidednylid 2arBoddte tahdeaHd adt@d Bpepaesr at
| east 1/20 tinme by nol of the solvent. Taking the heat resistance of the

quat er nary phosphkamibridlda it teons deyrad iddhylidnd Sglpiseferred to carry

Pref erably,

out this concentration operation by distillation under

may be

In a case where the liquid is withdrawn at the

he

he

| ation may be carried out by a

reduced pressure,

preferably atadBexdizy1400 iTord ddud WRe tHief efldticd i te{perad uset of
from 60 to 210C. The highly concentrated catal yst solution obtained 31 by
concentr agi omyofrdate Jrengindan deal Ui awdys udrss iid addmines, o a guid
quat ernary phosphoni um i odi de and a quaternary phosphoni um chl ori de forned
by chl ori nat ifarnoftHike prapdateerirar orphwesEhawbe adi tdelrawrt herqai ceesisef or 5
produci ng et hyl ene glycol. Here, the catal yst solution

10

15

20

25

reactor or may be withdrawn from both reactors.

In a case where the liquid is withdrawn at the
outlet of the reactor, in order to increase the recovery
rate of the quaternary phosphonium iodide in the later
step, it is preferred that the concentrations of the
quaternary phosphonium chloride and iodide in the mixture
to be treated, are high. Accordingly, in such a case, it
is preferred to distil off water, ethylene glycol or
ethylene carbonate as the solvent for concentration. The
distillation may be carried out by a distillation column,
but a simple evaporator may otherwise be used.
Preferably, the concentration is carried out until the
concentration of the quaternary phosphonium iodide in the
mixture to be treated becomes at least 1/20 time by mol
of the solvent. Taking the heat resistance of the
quaternary phosphonium salt into consideration, it is
preferred to carry out this concentration operation by
distillation under reduced pressure, preferably at most

400 Torr (53.2 Pa), preferably at a temperature of from

60 to 210°C.

The highly concentrated catalyst solution obtained



may be one having the reaction solution taken out of the process and
concentrated, or may be a catalyst solution wthdrawn froma distillation
colum for separating the catalyst solution fromwater, ethylene glycol and
10 et hyl ene carbonate, in the process. As the iodide to be used for
recovering the quaternary phosphoniumi odide, any iodide my be used so
long as it is an ionic conmpound which may be dissociated in water and which
is ion exchangeable with the 15 quaternapy phosphoniumchloride, and it may
be suitably selected by a person skilled in the art. However, from the

vi ewpoi nt of hyhecolalitdtion toakitte yyeqrtiom stlutiomnbwnl &astihkaniosal t
such as a sodiumsalt or a potassium salt, or hydroacid may, for exanple,
be preferred.cé@xabhes iaangeremandi e sphorsimanyod bk dnd oa | gugtesnaty is an
i oni ¢ conpound which can be dissociated in water and which can be ion
exchanged wi tdhadmhaniatreraiaror 1igehoSphoed by ot vy deat HowevErthérom t he
viewpoint of the solubility, toxicity and price, an alkali netal salt such
25 as a sodi ymasnnary Plpsicisyiium siddide sippraferpreekesghEoranount of the

i odide to be added, nay be at |east equivalent to the quaternary

phosphoni am atatidaB2tiptlamtglivrahe Mexeur §heo dedatlvesdt epluk imref erred
range is fromO0.5 to 10 nols, nore preferably from1l to 5 nols, per nol of
t he quat er namap s phohinal g diielergpesent sPLutIen nfakenr ov dE EReat ed.

If the iodide is added nore 5 than necessary, the recovery rate nay be
i ncreased, bu@rocess and concentrated, or may be a catalyst solutidn

withdrawn from a distillation column for separating the
catalyst solution from water, ethylene glycol and

10 ethylene carbonate, in the process.

As the iodide to be used for recovering the
quaternary phosphonium iodide, any iodide may be used so
long as it is an ionic compound which may be dissociated
in water and which is ion exchangeable with the

15 quaternary phosphonium chloride, and it may be suitably
selected by a person skilled in the art. However, from
the viewpoint of the solubility, toxicity, price, etc.,
an alkali metal salt such as a sodium salt or a potassium
salt, or hydroacid may, for example, be preferred.

20 The inorganic iodide may be any iodide so long as it
is an ionic compound which can be dissociated in water
and which can be ion exchanged with the quaternary
phosphonium chloride. However, from the viewpoint of the
solubility, toxicity and price, an alkali metal salt such

25 as a sodium salt or a potassium salt, is preferred.

The amount of the iodide to be added, may be at

least equivalent to the quaternary phosphonium chloride



the excess iodide will be loss. The iodide nmay be added in the formof solid
or' an organic solvent solution or an aqueous solution. However, in an

i ndustrial operation, it is preferably a liquid 10 fromthe vi ewpoint of the
*handl i ng, and accordingly, it is preferably added in the formof an organic
solvent solution or an aqueous solution. In the case of the aqueous
solution, the anount of water nmay be an anount sufficient to dissolve the

i odide, 15 and such an anobunt depends og2the iodide to be used. For

exanple, in a case where potassiumiodide is to be used, the saturated
solubility i presteart iis1 608% mindtura éro gy trsa tadiled As prefiatr riede rpoigassi um

i odi de concentration in the mxture to be treated will be at nost this

| evel . 20 Usual Ifroni 10 .i5s tadddd mol st,hendrreo preff eenalalgueimesn soltd isomolmyvi ng a
concentration of from1l to 60 w% The apparatus for adding the iodide to
the mxture per bwlt cdattde R tee re o e spdrorgfuramh faoride mtesenti sin
preferred to enploy a vessel having a stirring device to 25 accelerate the
i on exchange theaotixdmreByra tiss topatad .onIft hbeqdatiedraiy pldsghowirem
chloride present in the mxture to be treated will be 33 converted to a
quat er nary phégphasiogasagdi déhawiagevgday rafe meacihs tiaaedsedwatiet t oget her
with the quaternary phosphonium.i odide already present in the mxture to be
treated. The themsaicass d ddemidilpiteatlios-is preferably 5 a | ow

tenperature, whereby renmi ning of the_ quaternary _
The iodide may be added in the "form of solid or an

organic solvent solution or an aqueous solution. However,
in an industrial operation, it is preferably a liquid

10 from the viewpoint of the handling, and accordingly, it
is preferably added in the form of an organic solvent
solution or an agueous solution.

In the case of the agueous solution, the amount of
water may be an amount sufficient to dissolve the iodide,

15 and such an amount depends on the iodide to be used. For
example, in a case where potassium iodide is to be used,
the saturated solubility in water is 60%, and water may
be added so that the potassium iodide concentration in
the mixture to be treated will be at most this level.

20 Usually, it is added in the from of an agqueous solution
having a concentration of from 1 to 60 wt%.

The apparatus for adding the iodide to the mixture
to be treated may be a container of any form, but it is
preferred to employ a vessel having a stirring device to

25 accelerate the ion exchange reaction.

By this operation, the quaternary phosphonium

chloride present in the mixture to be treated will be



-

phosphoni umiodide in water will be less. The precipitation is preferably
carried out at a tenperature of fromO to 30C. The precipitated quaternary
phosphoniumiodide will 10 be subjected to filtration for recovery. The
method for the filtration is not particularly limted, and not only usual
filtration by means of a filter, but also centrifugal separation may, for
exanpl e, be used. The quaternary phosphonium i odi de recovered in the 15
formof a solid, nmay sonetinmes contains abpout 10 wt % of the quaternary
phosphoni um chl ori de and the added iodide. At such a concentration, it may
be recycl ed tconvke tadeact iaorusitepriaary ehodpdon iginydadides iwhich widviever, if
necessary, it may be washed with water to increase the 20 purity of the
guat er nary phes plreciiphtiacdidde n beftare togemydr ng thortheeusat addiaary af t er used
for washing contains the quaternary phosphonium i odi de, and nay be used
for next wasphogphioniayn hedidss ed ramadyaterestent dinssdleyenitdteirabmee-ent i oned
iodide to be added to the 25 mxture to be treated. The recovered

quat er nary phespltedi.unThedt depragfuter foexpmpteépibetibasdkvedeifrrablyl ene

gl ycol and as such, may 34 be recycled to the reaction system In the

f or goi ng, 5 an aeHood iteewte neds ree s etidysbywrameiin ing quiattdren ara fersphoni um
chloride is converted to a quaternary phosphonium i odide, which is
recovered. ThheosPhopduat iiodickn ive wedrar e lduteallsssi-n Fheor gani ¢ sol vent.

precipitation is preferably carried out at a temperature
of from 0 to 30°C.
The precipitated quaternary phosphonium iodide will
10 Dbe subjected to filtration for recovery. The method for
the filtration is not particularly limited, and not only
usual filtration by means of a filter, but also
centrifugal separation may, for example, be used.
The quaternary phosphonium iodide recovered in the
15 form of a solid, may sometimes contains about 10 wt$% of
the quaternary phosphonium chloride and the added iodide.
At such a concentration, it may be recycled to the
reaction step for ethylene glycol, as it is. However, if
necessary, it may be washed with water to increase the
20 purity of the quaternary phosphonium iodide, before
recycling for reuse. Water after used for washing
contains the quaternary phosphonium iodide, and may be
used for next washing or may be reused as water to
dissolve the above-mentioned iodide to be added to the
25 mixture to be treated.
The recovered quaternary phosphonium iodide may, for

example, be dissolved in ethylene glycol and as such, may



I'n the follow ng, an enbodinent will be described wherein an operation to
precipitate an inorganic chloride is carried out in an organic solvent,
whereby a quaternary phosphoniumchloride is converted to a quaternary 10
phosphoni um i odi de, which is recovered. In the highly concentrated catal yst
solution obtained, ethylene glycol and/or ethylene carbonate is present as
a solvent. Accordingly, to such a catalyst solution, the inorganic
chloride-precipitating operation 15 of thg present invention rmay be appli ed,
but it is also effective to add anot her organic solvent in which the
solubility obed hedyadieganicc ttid ardade: ifoor reGdeyn.t he addition of the iodide,
is low Further, it is preferred that ethylene glycol and/or ethylene
carbonate in the 120 theghiorgminoentaratetbahingd its twaso | ded ¢ i hed fwliéhetn r enoved
to obtain a solid containing substantially no solvent, which is
re- di ssol ved a muaneirneryo pdarsphaduwe rth 1 ostieteelys ddrereaadadbitdad tay of t he
inorganic chloride may be further decreased so that the precipitation
ef ficiency widuateen2iy mbrompdebniAsn tilve igteganihd cdolivemtedavdieedised@hliere, it
is preferred to have a high ability to dissolve the 35 quaternary
phosphoni 8m s@leragiidre dan hgs carrawdlyidt tal stco irdisgs gingartie sailoregani ¢
chloride. As a preferred solvent, an aliphatic halogenated hydrocarbon, a
ketone, an dincdlie fod hoiwtimid, e amaremeiddaend widd denpmant idrech wheagzgibonat e
may, for exanple, be nentioned.
an operation to precipitate an inorganic chloride is
carried out in an organic solvent, whereby a quaternary
phosphonium chloride is converted to a quaternary
10 phosphonium iodide, which is recovered.
In the highly concentrated catalyst solution
obtained, ethylene glycol and/or ethylene carbonate is
present as a solvent. Accordingly, to such a catalyst
solution, the inorganic chloride-precipitating operation
15 of the present invention may be applied, but it is also
effective to add another organic solvent in which the
solubility of the inorganic chloride formed by the
addition of the iodide, is low. Further, it is preferred
that ethylene glycol and/or ethylene carbonate in the
20 highly concentrated catalyst solution is further removed
to obtain a solid containing substantially no solvent,
which is re-dissolved in another organic solvent, whereby
the solubility of the inorganic chloride may be further
decreased so that the precipitation efficiency will be
25 improved.

As the organic solvent to be used here, it 1is

preferred to have a high ability to dissolve the



Anong them the al cohol may, for exanple, be ethanol, 1-propanol,
2-propanol, 1-butanol, 2-butanol, 2-nethyl-1- propanol, 1,1-dinethylethanol,

1- pentanol, 2-pentanol, 3- pentanol, 3-nmethyl-I|-butanol, 2-nethyl-I-butanol,
1,1 10 dinethyl-I-propanol, 1-hexanol, 2-hexanol, 3-hexanol, 2-

met hyl -1 - pent anol , 4-net hyl - 2-pentanol, 1-heptanol, 2- heptanol, 3-heptanol,
4- hept anol, 1-octanol, 2-octanol, 2-ethyl-I-hexanol, 1-nonanol, 2-nonanol,
1-decanol, 1- undecanol, 1-dodecanol, 1,6-hexanediol, cyclopentanol, 15

cycl ohexanol , benzyl al cohol or phenethyl™ al cohol. The aliphatic

hal ogenat ed %ﬁ%%gﬁ%f,}op% ¥ohbahiuneXadR! Gnike TRt Rylene ¢k %ﬁdﬁ“ﬁty to

chl orof orm I chl or oet ane 1,1,1-trichloroethane, 1,1

trichloroethgRggolse- @h%hEHBQB%ﬁE%n%hlérng'ChAQerﬁPgﬁgﬁreaosolvent
1,2,3-trichl oropropane, 1,4-dichlorobutane or 1,6- dichlorohexane. The

nitrile may, shog1exagrhe. hQ@o@%%h@@Hih %oca&b@ﬂ'oﬁ'k@tb%e bgﬁyronltrlle
adi ponitrile or benzonitril The am may, for exanple, be 25

di met hyl f or mani-deoar, alﬁgthih@ceb@nhﬁgdeTha ured ceapReewad oray, for exanpl e,
be tetranethylurea or 1, 3- dlnethyllnldazolldln 2-on. The ketone may, for

exanpl e, 36 chepasftentayTeiEby! esbhipheketenaear idaiky! isopropyl ketone.
The carbonate nmay, for exanple, be ethylene carbonate, propyl ene carbonate

or butyl ene car bgaige thisn ! hthedrgbrdito B ohaent fopnexahpl BempaEaethirdisied 5
al one, or two or nore of them may be used in conbination
l-propanol, 2-propanol, l-butanol, 2-butanol, 2-methyl-1-
propanol, 1,l-dimethylethanol, l-pentanol, 2-pentanol, 3-
pentanol, 3-methyl-l-butanol, 2-methyl-1l-butanol, 1,1-

10 dimethyl-l-propanol, l-hexanol, 2-~hexanol, 3-hexanol, 2-
methyl-l-pentanol, 4-methyl-2-pentanocl, l-heptanol, 2-
heptanol, 3-heptanol, 4-heptanol, l-octanol, 2-octanol,
2-ethyl-l-hexanol, l-nonanol, 2-nonanol, l-decanol, 1-
undecanol, l-dodecanol, 1,6-hexanediol, cyclopentanol,

15 cyclohexanol, benzyl alcohol or phenethyl alcohol.

The aliphatic halogenated hydrocarbon may, for
example, be methylene chloride, chloroform, 1,2-
dichloroethane, 1,1,1-trichloroethane, 1,1,2-
trichloroethane, 1,2-dichloropropane, 1,3-dichloropropane,

20 1,2,3-trichloropropane, 1l,4-dichlorobutane or 1,6-
dichlorohexane.

The nitrile may, for example, be acetonitrile,
propionitrile, butyronitrile, adiponitrile or
benzonitrile. The amide may, for example, be

25 dimethylformamide or dimethylacetamide. The urea

compound may, for example, be tetramethylurea or 1,3-

dimethylimidazolidin-2-on. The ketone may, for example,



as a mxture. The anount of the organic solvent to be added, is not
particularly limted, but it is usually from1 to 10 times by weight to the
sum of the quaternary phosphonium chloride and iodide in the m xture to be

10 treated. For exanple, sodiumiodide is soluble in acetone very well, and
such is a good conbination. Further, potassiumiodide is soluble in
et hyl ene glycol very well, and such a conbination is also good. However, in

this 15 case, it is not necessarily requkged that the iodide is conpletely
soluble in the organic solvent. Even if the saturated sol uble anpbunt of the

i odide is vepe Hdone afdetinyaddac 110 Kdtord Kt Pei d4ad the iodide
wll be consunmed by the reaction with the quaternary 20 phosphoni um

chloride, angddiedi sepkbutheBowakle hEftheor RkaGRad,t BeSppharERt the
consunption. Consequently, the anmount beyond the solubility will be reacted

to forman idanr@anite crddendegidgathtiorod gl acd ieridndfe. i odide
and the organic solvent is that there is a 25 difference in the nol

solubility to theorgani srgoventol betteesnd her i tidélenapdbé heséaor gani ¢
chloride to be formed by the reaction of this iodide wwth the quaternary 37
phosphoni gm chilcard ,der Asve with oo rdll nAtdnomaypWeandedrin ed diyb it Pbiycol to
potassi um i odi de may be nentioned as an exanple. The apparatus for adding
the iodide tasd he mixturree. Fhieoaheuhteattedhenyrigand cc aollziensr tef kany form
but Tt 1 added, is not particularly limited, but it is usually
from 1 to 10 times by weight to the sum of the quaternary
phosphonium chloride and iodide in the mixture to be
10 treated.
For example, sodium iodide is soluble in acetone
very well, and such is a good combination. Further,
potassium iodide is soluble in ethylene glycol very well,
and such a combination is also good. However, in this
15 case, 1t i1s not necessarily required that the iodide is
completely soluble in the organic solvent. Even if the
saturated soluble amount of the iodide is very small,
after added to the mixture to be treated, the iodide will
be consumed by the reaction with the quaternary
20 phosphonium chloride, and the dissolution will further
proceed to supplement the consumption. Consequently, the
amount beyond the solubility will be reacted to form an
inorganic chloride. Required for the selection of the
iodide and the organic solvent is that there is a
25 difference in the mol solubility to the organic solvent

between the iodide and the inorganic chloride to be

formed by the reaction of this iodide with the quaternary



preferred to enploy a vessel having a stirring device in order to

accel erate the ion exchange reaction. By this operation, the quaternary
phosphoni um of the quaternary phosphonium chloride present in the m xture
to 10 be treated will be converted to a quaternary phosphoni um i odide,
while chlorine will be precipitated as an inorganic chloride. The
precipitation tenperature is not particularly limted and may be determ ned
in view of the dependency of the inorgapizc chloride on the dissolution 15
tenperature, the boiling point or viscosity of the organic solvent to be
used, and t helspHudiuny adfl dihigle quaisesnahy aplosphimaitimnsalkdutaddsiialdry, the
precipitation is carried out at a normal tenperature of fromO to 50C. The
reaction of tdtshylediedeglvddi tie mpissyinar yi i g osphdre unerctl anedeasi | |
swiftly proceed when the viscosity of the solvent is |ow However, in a
case Wwhere tdre es@ngelt. has a high viscosity, or the solubility of the
iodide is low, it is preferred to prolong the mxing tinme. Preferably, the
reaction will be TearpienarhRss i fof raddbtouthd vdide to ShéonistuBy this
operation, the quaternary phosphonium of the quaternary phosphoni um
chloride Bn thwe ke gardatasbimahtbeana |cataigrirerafednyy fdwm3gout oblf desat a
conversion of at least 90% and at the sane tine, an inorganic chloride

wi |l be precigriafmred e gmeldypia desbshdiaaiie & tor tiang sdeehes et by
filtration. The method for.  the filtration is not 5 particularly limted, and
not only fi|tq¢§qqnpqnpqﬁ§%ﬁgqﬁe the ion exchange reaction. :

By this operation, the quaternary phosphonium of the
gquaternary phosphonium chloride present in the mixture to
10 be treated will be converted to a quaternary phosphonium
iodide, while chlorine will be precipitated as an
inorganic chloride. The precipitation temperature is not
particularly limited and may be determined in view of the
dependency of the inorganic chloride on the dissolution
15 temperature, the boiling point or viscosity of the
organic solvent to be used, and the solubility of the
guaternary phosphonium salt. Usually, the precipitation
is carried out at a normal temperature of from 0 to 50°C.
The reaction of the iodide with the quaternary
20 phosphonium chloride will swiftly proceed when the
viscosity of the solvent is low. However, in a case
where the solvent has a high viscosity, or the solubility
of the iodide is low, it is preferred to prolong the
mixing time. Preferably, the reaction will be completed
25 in from about 1 minute to 3 hours. By this operation,
the quaternary phosphonium of the quaternary phosphonium

chloride in the organic solvent will be converted to the



a usual filter, but also centrifugal separation or the |ike nmay be applied.
In the filtrate after separation of the inorganic chloride by filtration, a
guat ernary phosphoniumiodide 10 as the catalyst is dissolved. Accordingly,
by renoving the organic solvent fromthis filtrate by evaporation, the
guat er nary phosphoni umi odi de and, when added in an excess anount, the
iodide, will be recovered in the form of a solid. Renoval of the organic
solvent may be 15 carried out by a usual 3gvaporator. Such renoval of the
organi ¢ solvent by evaporation is preferably carried out at a tenperature
of at nost 200@Gidd areeessarveraingderof readueeds pragss,urand takitiige tdemdieat
resi stance of the recovered quaternary phosphoniumiodide into 20
consi derati onimes rentirenerhraiowélokhielepwiiltly ef e ipistearenr y phosphoni um
iodide thus recovered is at a level of at |east 90% excluding the i odide
added in an excesthammetimpithtd® Immeian iy ckbdvede , iamdendree@floye, it can
be recycled to the 25 reaction step for reuse, as it is or as dissolved in a
sui t abl e sol dnttracloms 8hkyhetbodl Yool thEofeveratipnefier ablty, the
recovered solid is washed with water to 39 renpve the renaining iodide and
t he sol veht, peeftarealsgilng 1 imeidyasd et ndte qrelactf ot rtteiorf dyy meesyes ¢r such
washing with water, washing water nay be added to the recovered solid to
forma slurry ushiach fiehtase ] ecltsd ®nty fiugalatsemanst icantad il
separation. In such a case,
like may be applied.
In the filtrate after separation of the inorganic
chloride by filtration, a quaternary phosphonium iodide
10 as the catalyst is dissolved. Accordingly, by removing
the organic solvent from this filtrate by evaporation,
the quaternary phosphonium iodide and, when added in an
excess amount, the iodide, will be recovered in the form
of a solid. Removal of the organic solvent may be
15 carried out by a usual evaporator. Such removal of the
organic solvent by evaporation is preferably carried out

at a temperature of at most 200°C, if necessary, under
reduced pressure, taking the heat resistance of the
recovered quaternary phosphonium iodide into

20 consideration, as mentioned above.

The purity of the quaternary phosphonium iodide thus
recovered is at a level of at least 90% excluding the
iodide added in an excess amount and the remaining
solvent, and therefore, it can be recycled to the

25 reaction step for reuse, as it is or as dissolved in a
suitable solvent such as ethylene glycol. However,

preferably, the recovered solid is washed with water to



the anount of washing water to be added is preferably nade to be at nost
tw ce by weight to the recovered solid, taking the dissolution loss in the
washing water into consideration. 10 As another nmethod for renoving the
inorganic chloride in the above process, it is possible that wthout
subjecting the inorganic chloride to filtration, renoval of the solvent is
carried out by a simlar operation, and then, the above-nentioned washi ng
with 15 water is carried out to have thesgnorgani c conpound dissolved in
wat er and renoved. The follow ng process nay be nentioned as anot her

enbodi nent ofrembweptasememanveny dodiZie AREL ILGATISONviEXANPLE florel being
Application Exanple I, a pre-recovery is carried out wherein water is added
to and ni xedrecykladhitghlthe ceacénmatséepcdical yeussol uFoonswhkrei n t he
concentration of a quaternary phosphoniumiodide is at least 1/20 tine 25
by nol to etWpsbaeggiwithl wetewhi oasihd ngowedetr aead beo addiech ta d¢dwecent r at i on,
foll owed by cooling to have the quaternary phosphoniumi odi de sel ectively
preci pi t at edrggovengdr scdver &¢. fleemea sRaravouwhich watebet subsesdded i s
optional, but if it is too small, no adequate precipitation effect can be
obt ai ned, 5 an@iot Béhé&freitdont oirs cenpgddsigady sepagadian | edBt sOch &i @SBy wei ght
of the 5 dissolved quaternary_ phosphoniumiodide. The upper limt of the
amount of wat8e amodatagdedashdngowasgrt itoulsr pflded is preferably

made to be at most twice by weight to the recovered sclid,
taking the dissolution loss in the washing water into
consideration.

10 As another method for removing the inorganic
chloride in the above process, it is possible that
without subjecting the inorganic chloride to filtration,
removal of the solvent is carried out by a similar
operation, and then, the above-mentioned washing with

15 water is carried out to have the inorganic compound
dissolved in water and removed.

The following process may be mentioned as another

embodiment of the present invention.

20 APPLICATION EXAMPLE II
In Application Example I, a pre-recovery is carried
out wherein water is added to and mixed with a highly
concentrated catalyst solution wherein the concentration
of a quaternary phosphonium iodide is at least 1/20 time
25 by mol to ethylene glyceol or which is concentrated to
such a concentration, followed by cooling to have the

quaternary phosphonium iodide selectively precipitated



limted, but in order not to increase the treating volune excessively, the
anount is preferably adjusted to be at nost about 5 times by weight to the
di ssol ved quaternary 10 phosphoni um i odi de. The tenperature for this

precipitation operation is preferably | ow, whereby the renaining anount of
t he quaternary phosphoniumiodide in water will be small. The operation is

preferably carried

out at a tenperature of fromO to 30C. 15 In the aqueous

solution remaining after the recovery odpthe precipitated quaternary
phosphoni um i odi de, an unprecipitated quaternary phosphoniumiodide and a
guat er nary phaosiphregiotnereld.or Hdeewi thebampnetsent. wSbeln &n bagadded ssl ution
remai ni ng after the recovery of the 20 quaternary phosphoni um i odi de nay be
used as the ppxtonal,t dute itfr &t 66, taed simaliay nige acmwertta at ed as t he case
requires, and then an iodide is added to carry out the conversion of the
quat er nary pbosgipiitehion efifesctt caa bgusbseiared plroshidhengfidusdiide,isand

preci pitation.

It

is 25 preferred to carry out the concentration so that the

quat er nary phesgissairymtohlesid é¢ deaséntOr.dt itdme vt meighitxtafr &heo be treat ed
prior to addition of the iodide 41 becones to be at least 1 w% fromthe
vi ewpoi nt 5 of dilssolyedy aiugiterneiyi Ghes ot ufthd ofiisteer nhe phpsphéamim
chloride and the recovery efficiency of the quaternary phosphoni um i odide.
5 The type offt fae gaiogat @fhaat@dedo &ed adwed cdifc et A AH@ st hod f or

addition, the method for ) )
limited, but in order not to increase the treating volume

excessively, the amount is preferably adjusted to be at

most about 5 times by weight to the dissolved quaternary

10 phosphonium iodide. The temperature for this

precipitation operation is preferably low, whereby the

remaining amount of the quaternary phosphonium iodide in

water will be small. The operation is preferably carried

out at a temperature of from 0 to 30°C.

15

In the aqueous solution remaining after the recovery

of the precipitated quaternary phosphonium iodide, an

unprecipitated quaternary phosphonium iodide and a

quaternary phosphonium chloride will be present. Such an

aqueous solution remaining after the recovery of the

20 quaternary phosphonium iodide may be used as the mixture

to be treated, and it may be concentrated as the case

requires, and then an iodide is added to carry out the

conversion of the gquaternary phosphonium chloride to a

quaternary phosphonium iodide, and precipitation. It is

25 preferred to carry out the concentration so that the

quaternary phosphonium chloride concentration in the

mixture to be treated prior to addition of the iodide



filtration of the precipitate, the subsequent treatnment, etc. may be the
sane as in the above-nentioned Application Exanple I. 10 However, in this
case, water is already present in the system and the iodide nmay be added
inasolid form whereby the anbunt of water to be used will consequently
be reduced, and the dissolution |oss of the quaternary phosphonium i odide
in waste water can be reduced. 15 Further, after carrying out the
pre-recovery, the inorganic chloride prgcipitation operation can be carried
out by using, as the m xture to be treated, one obtained by evaporating and
renovi ng preberahbky &b beast 3eUstnir @tpr éremalihe ati cwpadntOWh tdfe wat er in
t he aqueous sol ution 20 containing the quaternary phosphonium chl ori de and

i odi de. Nanebpyessdhbnaefifitaeacyo olfe thee gued ersadiys phlospthorniuan or gani ¢
solvent in an amount of from1l to 10 tinmes by weight to the sum of the

quat ernary phbdphédeuanchitbei decoxedyi edifde iemcivhe fiitheucpatermanyr eat ed,
and an iodide is 25 added thereto. The type of the iodide to be added, the
concent r at i ophaspheetihod ibdideddi ti on, the method for filtration of the
precipitate, the subsequent treatment, 42 etc., nay be the sane as in the
above- destri bed fhecéype off Aépiﬂ@éhﬂ@ntExéﬁpﬁﬁded Farchéhe in this process,
it is possible to add an aqueous iodide solution instead of water added to
s preci pi t at eopRengyataerarydpRespREnitem padilddonn the meitdiady fegncent r at ed

catal yst solution, and in such a case,
filtration of the prec1p1tate, the subsequent treatment,

etc. may be the same as in the above-mentioned
Application Example I.

10 However, in this case, water is already present in
the system, and the iodide may be added in a solid form,
whereby the amount of water to be used will conseguently
be reduced, and the dissolution loss of the quaternary
phosphonium iodide in waste water can be reduced.

15 Further, after carrying out the pre-recovery, the
inorganic chloride precipitation operation can be carried
out by using, as the mixture to be treated, one obtained
by evaporating and removing preferably at least 90%, more
preferably at least 99%, of water in the agueous solution

20 containing the qguaternary phosphonium chloride and iodide.
Namely, such a mixture to be treated is dissolved in an
organic solvent in an amount of from 1 to 10 times by
weight to the sum of the quaternary phosphonium chloride
and iodide in the mixture to be treated, and an iodide 1is

25 added thereto. The type of the iodide to be added, the
concentration and method for addition, the method for

filtration of the precipitate, the subsequent treatment,



addition of the iodide in the later stage will be wunnecessary. In either
case, by renoving the organic solvent from 10 the organic solvent solution
after subjecting the precipitate of the inorganic chloride to solid-liquid
separation, it is possible to further recover the quaternary phosphonium
i odi de, which may be re-used together with the previously recovered
quaternary 15 phosphoniumiodide. The follow ng process may be nentioned as
a still another enbodi nent. APPLI CATI ONagEXAMPLE 111 20 In Application
Exanple I, the highly concentrated catalyst solution wherein the
concentrati ortaf. ,t may dneattdrenavameptaes phorihenalsdictele scmtbddgstodd2d) tine to
et hyl ene glycol or which is concentrated to such a concentration, is
further concerft AppddcadricdmtExaamslte I0% 25 of the solvent is distilled off.
In such a case, the residue (the distillation residue) will solidify as it
is cooled. The sulntdidyedin édiidueomesede, washotl peshilld3to saddaswhe anount
of water, whereby the quaternary phosphoniumchloride in the residue may be
el uted to t haquester isiddslearmdldnimrednstiessl iaf swadlerm asib] tde tenperature
of water for washing is preferably Iow, as 5 the dissolution anmount of the
quat er nar§ prrsshimiitahe itdd g tennse Yvathersohmn wves Hi o dg 1in s mal | .
Washing is carried out preferably at a tenperature of fromO to
highly concentrated catalyst solution, and in such a case,
addition of the iodide in the later stage will be
unnecessary.
In either case, by removing the organic solvent from
10 the organic solvent solution after subjecting the
precipitate of the inorganic chloride to solid-liquid
separation, it is possible to further recover the
quaternary phosphonium iodide, which may be re-used
together with the previously recovered quaternary
15 phosphonium iodide.
The following process may be mentioned as a still

another embodiment.

APPLICATION EXAMPLE ITIT

20 In Application Example I, the highly concentrated
catalyst solution wherein the concentration of the
quaternary phosphonium iodide is at least 1/20 time to
ethylene glycol or which is concentrated to such a
concentration, 1s further concentrated, and at least 90%

25 of the solvent is distilled off. In such a case, the
residue (the distillation residue) will solidify as it is

cooled. The solidified residue may be washed with a



30C. The ampunt of the water to be used for washing is 10 not particularly
limted. However, taking the washing efficiency and the |oss of the

guat ernary phosphonium iodide in waste water into consideration, it is
preferably from0.5 to 10 tinmes by weight to the solid residue to be
washed. Water to be used for washing is 1s not required to be pure water,
and it is possible to use recycled water within the process. Further, it may
be repeatedly recycled for use. EspecialBy, an aqueous solution containing
t he quaternary phosphoniumiodide is preferred, since the dissolution |oss
of the quat esmartpadE@e plrasphomifumatedi devharakat ethec aateamsyy be reduced. In
water after washing, the eluted quaternary phosphoni umchloride and a

sl i ght anountphofspdiogsieiny edh 1 oguigtee imarbhep hrespltors may ded delutidd the tresent .
This may be used as a mxture to be treated, and as 25 nentioned above, it
i s concentramedeas silte sk negpviadss, Algadinhenchnai cdisde itheadded to carry
out conversion of the quaternary phosphoniumchloride to the quaternary 44
phosphoni um iteticdatame miesigdiaraticon waRhsad s mrefembly thew corgent rati on
of the quaternary phosphoniumchloride in the mxture to be treated before
addi ng the i ddiedeissplyrisrepaiuptacf] ddm quafemnaant RisRRgEL Wt t he i odi de
to 5 be added, the concentration and nethod for addl tion, the nethod for

filtration offatideridtithia aeten o wrstdmehtvill &a famll ot Washidg be t he

sane as in the above-
1s carried out preferably at a temperature of from 0 to

30°C.
The amount of the water to be used for washing is
10 not particularly limited. However, taking the washing
efficiency and the loss of the quaternary phosphonium
iodide in waste water into consideration, it is
preferably from 0.5 to 10 times by weight to the solid
residue to be washed. Water to be used for washing is
15 not required to be pure water, and it is possible to use
recycled water within the process. Further, it may be
repeatedly recycled for use. Especially, an agqueous
solution containing the quaternary phosphonium iodide is
preferred, since the dissolution loss of the quaternary
20 phosphonium iodide in water can thereby be reduced.

In water after washing, the eluted quaternary
phosphonium chloride and a slight amount of dissolved
quaternary phosphonium iodide will be present.

This may be used as a mixture to be treated, and as

25 mentioned above, it is concentrated as the case requires,
and then an iodide is added to carry out conversion of

the quaternary phosphonium chloride to the quaternary



menti oned process of Application Exanple |I. Also in this case, water is
already present in the 10 system and the iodide may be added in a solid
form whereby the amount of water to be used will be consequently reduced,
and it is possible to reduce the dissolution |loss of the quaternary
phosphoniumiodide in waste water. 15 Further, in the above-nentioned
process wherein the washing operation is carried out, water after washing
is used as a mxture to be treated, and4an iodine is added thereto, the
aqueous iodide solution may be used as water for washing, as a node for
carryi ng out ghvesghrcodiess iasli2le shord gpescipitdtien cagd,sd himm cdnicentase i on of
the aqueous iodide solution to be used, nay be a concentration such that

t he concent r atheorrafcartterdtodimen f i thevalsrteafrtaery wastsptppmiiun  diel dihiede
concentration in the above-nmentioned added and m xed state. 25 The

i norgani ¢ chlior itdee priegiyid dta dre dperattedrbafore EaEdiarg i gtk dundie usisg, as
the m xture to be treated, one obtained by evaporating and renovi ng
preferably atHFedaddst P0%eantr el pred eraisl ytha thasstoDI%e ofodiedertd n this
aqueous sol ution containing the quaternary phosphonium chloride and i odide.
Namel y, thi s he adgesl t ¢hse qonearddra o Imetchadh for ardgbitiiomsoltent in an
amount of from1l 5 to 10 times by weight to the sumof the quaternary
phosphoni um @ft&raddand iilddiatelamh athehg RugERiFEe. tthatsadbsemterdh i odi de

i s added thereto. )
treatment, etc., may be the same as in the above-

mentioned process of Application Example I.
Also in this case, water is already present in the

10 system, and the iodide may be added in a solid form,
whereby the amount of water to be used will be
consequently reduced, and it is possible to reduce the
dissolution loss of the guaternary phosphonium iodide in
waste water.

15 Further, in the above-mentioned process wherein the
washing operation is carried out, water after washing is
used as a mixture to be treated, and an iodine is added
thereto, the agueous iodide solution may be used as water
for washing, as a mode for carrying out the process as

20 shortened. In this case, the concentration of the
aqueous iodide solution to be used, may be a
concentration such that the concentration of the iodine
in water after washing will be the concentration in the
above-mentioned added and mixed state.

25 The inorganic chloride precipitation operation can
be carried out by using, as the mixture to be treated,

one obtained by evaporating and removing preferably at



The type of the iodide to be added, the concentration and nethod for
addition, the method for 10 filtration of the precipitate, the subsequent
treatment, etc. nay be the sane as in the above-described process of

Application Exanple |I. Further, also in this process, an aqueous i odi de
solution may be used instead of water for washing, and in 15 such a case,
addition of the iodide at a later stage will be unnecessary. In either

case, by renoving the organic solvent frg@ the organic solvent solution
after subjecting the precipitate of the inorganic chloride to solid-liquid

20 separati oneddt iFPOTRIRE HrIEdrHBNLIat SR ddg, SRIBtLENAr I PERSPhoni um
i odi de, which may be reused together with the previously recovered

quaternary phasdieNidendtioidifeorfididigly hdli g desonseiHMSbcalRl yst

solution 25 wherein the concentration of the quaternary phosphonium i odide

is at |east HRAAiqe £ thriridy! eaaeghycehier mivwtiuel its geNegRitaided to
such a concentration, nmay be 46 further concentrated, and after distilling

of f at |east { D@hHfolhed sil antordditi S ddllvant Ny e dfeduti @i dedE @dm al
tenperature of at |east 90C, whereby the liquid state can be naintained.

Water is addeatb tierteings o} lvesiethtbywd toolduig 4O fhomubtearris, whereby it
is possible to precipitate the quaternary phosphoniumi odi de. O herw se,
t he above- nemhaspdtbrcone ettirat etk raasd dielindy dre the mixture to be

treated, and an iodide is added thereto.

The type of the iodide to be added, the
concentration and method for addition, the method for

10 filtration of the precipitate, the subsequent treatment,
etc. may be the same as in the above-described process of
Application Example I.

Further, also in this process, an agueous iodide

solution may be used instead of water for washing, and in
15 such a case, addition of the iodide at a later stage will
be unnecessary.

In either case, by removing the organic solvent from
the organic solvent solution after subjecting the
precipitate of the inorganic chloride to solid-liquid

20 separation, it is possible to further recover the
quaternary phosphonium iodide, which may be reused
together with the previously recovered quaternary
phosphonium iodide.

Further, a highly concentrated catalyst solution

25 wherein the concentration of the guaternary phosphonium

iodide is at least 1/20 time to the ethylene glycol or

which is concentrated to such a concentration, may be



continuously supplied alone or together with water to the already existing
cool water or slurry, to carry out 1o precipitation. Also in this case, in
t he agueous solution remaining after separation and recovery of the

preci pitated quaternary phosphoniumiodide, an unprecipitated quaternary
phosphoni um i odi de and chloride wll be present. 15 This may be used as a
m xture to be treated, and as nentioned above, after concentrating it as
the case requires, an iodide nay be add % to carry out conversion of the
quat ernary phosphoni um chloride to the quaternary phosphoniun1iodide and

preci pitati Oé@HF%ﬂe EBnc@ tt%%e‘&asﬁndt e GanGent gtlll%% %fftf; *Af‘th g"}ﬂ oY of

phosphoni um orrde In to be "tréatéd prror

{he- 1 odi do | sopr eeral yosobl ea%}qﬁe Pt 200 Lhe Y e s0f e 4 adi e to be

added, the ¢oncentration an or a

filtrat th t th | . be th
Ghe o it HEREEBEURECRE Boy LEAsEe sl o TAsEFPEarNEN L LuREl BEREEADS Thus.
al so in thi SCSﬁS%e g@&g\ftfalie%' rmgé’egrf?e&&déﬁ £ 8r§¥8t e%l?@%&“ﬁg' odi de

may be added n as orm ere he annun ed is
I d d t t th

bhosphont fim FEALAEE, Houers Water%@é“ BPeaBReht 1R PoREbE0RE mmde 1o

carry out thgr%g(ﬂS?LtBrtgc%Sﬁ% Ara TN tx‘iﬁ%%épthdn%xﬂd SQOPAES] Pl 158 an

aqueous i odi
the above-mentioned concentrated residue may be

continuously supplied alone or together with water to the
already existing cool water or slurry, to carry out

10 precipitation. Also in this case, in the aqueous
solution remaining after separation and recovery of the
precipitated quaternary phosphonium iodide, an
unprecipitated quaternary phosphonium iodide and chloride
will be present.

15 This may be used as a mixture to be treated, and as
mentioned above, after concentrating it as the case
requires, an iodide may be added to carry out conversion
of the quaternary phosphonium chloride to the quaternary
phosphonium iodide, and precipitation.

20 Also in this case, the concentration of the
quaternary phosphonium chloride in the mixture to be
treated prior to the addition of the lodide is preferably
at least 1 wt%, and the type of the iodide to be added,
the concentration and method for addition, the method for

25 filtration of the precipitate, the subsequent treatment,
etc. may be the same as in the above-described process of

Application Example I.



solution as heated, instead of water. The inorganic chloride precipitation
operation may 10 be carried out by using, as the mxture to be treated,

one obtained by evaporating and renoving preferably at |east 90% nore
preferably at |east 99% of water in this aqueous solution containing the
guat ernary phosphonium chloride and iodide. Nanely, such a m xture to be 15
treated is dissolved in an organic solvent in an anobunt of froml1l to 10
times by weight to the sumof the quateffpary phosphoni um chloride and
iodide in the mxture to be treated, and an iodide is added thereto. The

type of the iodideuls0 ke sadded tHilRe RGeCongaty ald QN @b {t0rin

addition, the nethod for filtration of the precipitate, the subsequent

treatnment, ehe. siBYehS bhe $aBEidgide hhAe dBOUEdEsGhH BedNrieresymof
Application Exanple I. Also in this process, it is possible to use an 25

aqueous i odi gaegebyt kbl histatdodf wakker toahbd UBeIUGR @oneRS@endddi tion of
an iodide in the later stage will be unnecessary. 48 1In all enbodi nents,

it is also pessgubke,tandpphy Bhesplesedh LB¥ENLIFORKEO URE cGuhAlEr Nary
phosphoni um chloride and iodide still remaining in the separated liquid

after sofidphbgphdnsepariatide oh thetenangar canhber irddusdd.eci pitated by
adding an iodide. Nanely, it is also possible to repeatedly carry out
ggggﬁggn of the Iroditther,ard emoda tof ddireyi ragates auv ik dadd lad he
shortened, it is also possible to use an aqueous iodide
solution as heated, instead of water.
The inorganic chloride precipitation operation may
10 be carried out by using, as the mixture to be treated,
one obtained by evaporating and removing preferably at
least 90%, more preferably at least 99%, of water in this
aqueous solution containing the quaternary phosphonium
chloride and iodide. Namely, such a mixture to be
15 treated is dissolved in an organic solvenﬁ in an amount
of from 1 to 10 times by weight to the sum of the
guaternary phosphonium chloride and iodide in the mixture
to be treated, and an iodide is added thereto.
The type of the iodide to be added, the
20 concentration and method for addition, the method for
filtration of the precipitate, the subsequent treatment,
etc. may be the same as in the above-described process of
Application Example I.
Also in this process, it is possible to use an
25 aqueous iodide solution instead of water, and in such a

case, addition of an iodide in the later stage will be

unnecessary.



recovery rate is reached. In the application of the present invention, at 10
| east a part of the reaction solution and/or the catalyst solution is
continuously or intermttently withdrawn from the reaction process which is
continuously operated, and after carrying out concentration and/or
pre-recovery as the case requires, conversion of the quaternary 15
phosphonium chloride to a quaternary phosphonium i odide and recovery of the
qguat ernary phosphonium i odide, are carrjgd out, and the recovered

guat ernary phosphoni um iodide catalyst may be recycled to the reactor. In

such a case, thammuntenmfodierreaction selyd poidi theapfl gatiad yst
solution withdrawn to recover the quaternary phosphoniumi odide is not

parti cul arl yplriegiehed i ndenedenh, to ther devatieenaayniphospHug ineacti lwtiefd i ci ency
at a high level by renoving the quaternary phosphoniumchloride wthin a
range not toaedcessiivdel ytiiddr e iiegcdst ther sparae adeddvegriyd off tidre
catalyst, it is preferred to continuously or intermttently wthdraw the
reaction sokutliids ldog/idr separeatiany oif shleutinomrofaori c rcddiardrie when 49 t he
wei ght ratio of the quaternary phosphoniumchloride to the iodide in the
react or bgcopeeciptiltated tagngeldihg famomodide .t oNam8lyThetamsuafisbor t he
withdrawal is not particularly limted, but it is preferably wthin a range
5 of from abpetssdblet ¢ol@@pste¥ediasedrory e adolidicnf dthehea dastiidmm
solution or the catalyst solution in the respective system
and removal of the inorganic chloride until the desired
recovery rate is reached.
In the application of the present invention, at
10 least a part of the reaction solution and/or the catalyst
solution is continuously or intermittently withdrawn from
the reaction process which is continuously operated, and
after carrying out concentration and/or pre-recovery as
the case requires, conversion of the quaternary
15 phosphonium chloride to a quaternary phosphonium iodide
and recovery of the gquaternary phosphonium iodide, are
carried out, and the recovered guaternary phosphonium
iodide catalyst may be recycled to the reactor. In such
a case, the amount of the reaction solution and/or the
20 catalyst solution withdrawn to recover the guaternary
phosphonium iodide is not particularly limited. However,
in order to maintain the reaction efficiency at a high
level by removing the quaternary phosphonium chloride
within a range not to excessively increase the cost for
25 the recovery of the catalyst, it is preferred to

continuously or intermittently withdraw the reaction

solution and/or the catalyst solution for treatment when



EXAMPLES 10 Now, the present invention will be described in further detai
with reference to Exanples. However, it should be understood that the
present invention is by no neans restricted to such Exanpl es. EXAMPLE 1-1
15 Into a first reactor pressurized to 2.0 MPa by carbon dioxide for a
retention time of 1 hour at 100C, 5 parts by weight/hr of

tri butyl net hyl phosphoniumiodide as a catalyst, 0.8 part by weight/hr of
pot assi um carbonate, and 78 parts by wegght/hr of the starting nmaterial 20
et hyl ene oxi de aqueous solution (60 wt%, were supplied to obtain a

reacti on sol uhieored@ir irsiti@ eifhwheneuasadonat elaableihiydrerch P yicd ( EQ) .
This solution was transferred inits entire amount to a second reactor for
a retention torehef iddice Snundsr regurtess ex arfe) Wi tVHaM 2D rnge tefrper at ure
of 150C to have the contained ethylene carbonate hydrolyzed to obtain 66.5
parts by wei dghtohr0 .@¥1 tan laqueoTiesalmotinan fofr ehkywénadghwedl iscawttai ni ng
the 50 <catalyst. The obtained reaction solution was distilled by a vacuum
di still ati onpeodturmulsendiyng imibsEd orhutenperist wree fefrald40 Grinidier aa yamessur e of
11 kPa (80 mtg) to obtain a 5 dehydrated liquid fromthe bottom and the
liquid was foir thhrem stdgjuacted tte d 0tacthim évegest atrortlopemated af tIOC under
a pressure of 8 kPa (60 mHg) to evaporate the majority of ethylene glycol
and to recoverat3igar tsolution or the catalyst solution in the

respective system.

EXAMPLES

10 Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no
means restricted to such Examples.
EXAMPLE 1-1

15 Into a first reactor pressurized to 2.0 MPa by
carbon dioxide for a retention time of 1 hour at 100°C, 5
parts by weight/hr of tributylmethylphosphonium iodide as
a catalyst, 0.8 part by weight/hr of potassium carbonate,
and 78 parts by weight/hr of the starting material

20 ethylene oxide aqueous solution (60 wt%), were supplied
to obtain a reaction solution comprising ethylene
carbonate and ethylene glycol (EG). This solution was
transferred in its entire amount to a second reactor for
a retention time of 2 hours under a pressure of 0.5 MPa

25 at a temperature of 150°C to have the contained ethylene
carbonate hydrolyzed to obtain 66.5 parts by weight/hr of

an aqueous solution of ethylene glycol, containing the



by wei ght/hr of a catalyst solution having the catal yst 10 concentrated,
fr'omthe bottom of the evaporator. The recovered catalyst solution was
recycled as a catalyst to the first reactor for reuse. The conposition of
catal yst solution after the continuous operation for 1 year was as

-t he

foll ows:
50wt %

15 Conposition of the Catalyst Solution Ethylene glycol: about
| odi de (quaternary phosphonium i odide): about 33 wt% Chloride

(quat ernary phosphoni um chl oride): abouts§ W% 20 Potassium carbonate:

about 2 wt %

After the above conposition was reached, the operation was

changed so thataaypart of this catalyst solution was withdrawn at a rate of
0.02 part by weight/hr. The w thdrawn catal yst solution (hereinafter 25
referred to as "wiHehditaanirdddwehd )orwaso lsupipdn edhd alisstifllesh iwessel , and
under conditions of 3 Torr (400 Pa) and 128C, about 93 wt % of et hyl ene

gl ycol
of ethylene glycol

cont aivaediumn diilse 131 atiicguics Iwarsy hervined .a Hoe Hang tiethpefrtagrurteh e fr enoval

(hereinafter referred to as "concentrated liquid A') was

mai nt ai ned atl498€, uaddraa3preSspotassi UM kodi deoamuBEqUSts sbkHihoA was
added, and the m xture was cooled to 20C wth stirring and m xi ng,

wher eupons i t dehydreftted @ istudid fricor thehdupttofhe amot ads Umguddi desadded here
equinolar to the chloride in the concentrated |liquid A,

was

10

15

20

25

further subjected to a vacuum evaporator operated at
140°C under a pressure of 8 kPa (60 mmHg) to evaporate
the majority of ethylene glycol and to recover 13 parts
by weight/hr of a catalyst solution having the catalyst
concentrated, from the bottom of the evaporator. The
recovered catalyst solution was recycled as a catalyst to
the first reactor for reuse. The composition of the
catalyst solution after the continuous operation for 1
year was as follows:
Composition of the Catalyst Solution

Ethylene glycol: about 59 wt%

Iodide (guaternary phosphonium iodide): about 33 wt$%

Chloride (quaternary phosphonium chloride) :

about 6 wt%

Potassium carbonate: about 2 wt%

After the above composition was reached, the
operation was changed so that a part of this catalyst
solution was withdrawn at a rate of 0.02 part by
weight/hr. The withdrawn catalyst solution (hereinafter
referred to as “withdrawn liquid A”) was supplied to a

flush vessel, and under conditions of 3 Torr (400 Pa) and

128°C, about 93 wt% of ethylene glycol contained in the



and the amount of water used was equal weight to the 10 concentrated |iquid

A" The precipitate was separated by a vacuumfilter and

anal yzed, whereby

the conposition of this precipitate was as follows. This indicates that it
was possible to efficiently separate 90 wt % of the iodide and chloride in

is the withdrawn liquid A as the quaternary phosphoni um
Conposition of Precipitate Water: about 18 wt % Ethyl ene
20 | odi de (quaternary phosphoni um i odi deky about 80 wt %

i odi de cat al yst.
glycol : about 2 w%
Chl ori de

(quat ernary phosphoni um chl oride): about 2 wt% Potassium carbonate: at nost

1 W% This Ariepiid watse neaowldsol ved in et hyl ene gl ycol

25 and recycled to

the reactor. Thus, the operation was continued while recovery and recycling
of the catal yst vEre Toyuiddbutry tvihersdyovdl 52f evdsy passidpleycdd conti nue
the operation efficiently wthout a problemof a decrease in the reaction
ef ficiency i nhdreipradtess fafreprestiust iaen “oforstdntimateed glimold & EXAPLE 1-2

In Exanple 1-1, instead of the potassiumiodide aqueous

solution, distilled

wat er in the meammamadtata95°Che aadneent watedoltiageidmAioddslecaddecdtous t he

concentrat ed

5

10

solution was added, and the mixture was cooled to 20°C
with stirring and mixing, whereupon it was left to stand
for 1 hour. The potassium iodide added here was
equimolar to the chloride in the concentrated ligquid A,
and the amount of water used was equal weight to the
concentrated liquid A.

The precipitate was separated by a vacuum filter and
analyzed, whereby the composition of this precipitate was
as follows. This indicates that it was possible to

efficiently separate 90 wt% of the iodide and chloride in

15 the withdrawn ligquid A, as the quaternary phosphonium

iodide catalyst.
Composition of Precipitate
Water:
Ethylene glycol:

20 Iodide (guaternary phosphonium iodide):

about 18 wt%
about 2 wt%

about 80 wt$%

Chloride (quaternary phosphonium chloride):

about 2 wt%

Potassium carbonate: at most 1 wt%

This precipitate was dissolved in ethylene glycol

25 and recycled to the reactor.

Thus, the operation was continued while recovery and

recycling of the catalyst were carried out, whereby it



liquid A after separation and renoval of ethylene glycol, 10 and a simlar
operation was carried out to have a solid precipitated. The precipitate was
separated and anal yzed, whereby it was confirmed that this precipitate
contained 94 wt% of the iodide and about 13 W% of the chloride in the 15
withdrawn liquid A, and it was possible to efficiently separate the
quat ernary phosphonium i odi de catalyst from the chloride. In the liquid
separated fromthe precipitate (hereinafper referred to as "separated
liquid A"), about 20 6 wt% of the iodide and about 87 wt % of the chloride
in the w t hdwawn plisgtibd eA twecontiisse \wie. opersitdlona e ffdpdrattadd, | 1 qui d A,
potassiumiodide in an anmount of 1.2 tines by nol to the chloride in the
liquid was addethont at perofodem off & Seane¥issqueouhes alastdtdmn and the m xture
25 was left to stand still at 20C for 1 hour. The precipitate was separated
and anal yzedefifhedenyry tinnddhe eooidessedarh@roducthion priectpivlames it was
possible to 53 efficiently separate 50 wt % of the chloride in the
wi t hdrawn | i gdivéoA.as the quaternary phosphoniumiodi de catalyst. EXAMPLE
1-3 5 The separated liquid A obtained in Exanple 1-2 was distilled, and 50
wt % of wat er EXAMPAE de@arated liquid A was distilled off for concentration.
To such a concentrated liquid, potassiumiodide in an anount of 1.2
In Example 1-1, instead of the potassium iodide
aqueous solution, distilled water in the same amount as
the concentrated liquid A, was added to the concentrated
liquid A after separation and removal of ethylene glycol,
10 and a similar operation was carried out to have a solid
precipitated.
The precipitate was separated and analyzed, whereby
it was confirmed that this precipitate contained 94 wt%
of the iodide and about 13 wt% of the chloride in the
15 withdrawn liquid A, and it was possible to efficiently
separate the quaternary phosphonium iodide catalyst from
the chloride.
In the liquid separated from the precipitate
(hereinafter referred to as "“separated liquid A”), about
20 6 wt% of the iodide and about 87 wt% of the chloride in
the withdrawn liquid A were dissolved. To such a
separated liquid A, potassium iodide in an amount of 1.2
times by mol to the chloride in the liquid was added in

the form of a 50 wt% aqueous solution, and the mixture

25 was left to stand still at 20°C for 1 hour. The
precipitate was separated and analyzed, whereby it was

confirmed that in this precipitate, it was possible to



times by nmol to the chloride in the liquid was added in 10 the formof a 50
W% aqueous solution, and the nmixture was left to stand still at 20C for 1
hour. The precipitate was separated and anal yzed, whereby it was confirned
that in this precipitate, it was possible to efficiently separate about 75
wt % of the chloride in the 15 withdrawn liquid A as the quaternary
phosphoni um i odi de catalyst. EXAMPLE 2-1 Into a first reactor pressurized
to 2.0 MPa by carbon dioxide for a retegsgion tine of 1 hour at 100C, 5 20
parts by weight/hr of tributyl nmethyl phosphonium i odide as a catalyst, 0.8
part by wei gaffhciehtpygt aspruateabbowatepof &he C¢Blparite Wy wkieght/ hr of a
starting material ethylene oxide aqueous solution (60 W%, were supplied
to obtain awithdrawn 3ohutidoA esnphesimgtetrhpirgnehosphondtm drdliZle et hyl ene
glycol (EG . This solution was in its entire anount transferred to a
second reactoathdysa.retention tinme of 2 hours, under a pressure of 0.5 MPa
at a 54 tenperature of 150C to have the contained ethylene carbonate
hydrol yzed t BX8MPREN168.5 parts by weight/hr of an aqueous sol ution of
et hyl ene glycol, containing the catalyst. 5 The obtained reaction solution
was distidled byThe vepaumatdcstliilduald én obglaimedati na Bxarmdia tlerdaevast ur e of
140C under a pressure of 11 kPa (80 nmHg) to obtain a dehydrated liquid
fromthe botdéﬁpi&hgdph@ndiégiut 6f water in the separated liquid A

was distilled off for concentration. To such a

concentrated liquid, potassium iodide in an amount of 1.2

times by mol to the chloride in the liquid was added in

10 the form of a 50 wt% aqueous solution, and the mixture

-was left to stand still at 20°C for 1 hour. The
precipitate was separated and analyzed, whereby it was
confirmed that in this precipitate, it was possible to
efficiently separate about 75 wt% of the chloride in the
15 withdrawn liquid A as the quaternary phosphonium iodide
catalyst.
EXAMPLE 2-1
Into a first reactor pressurized to 2.0 MPa by
carbon dioxide for a retention time of 1 hour at 100°C, 5
20 parts by weight/hr of tributylmethylphosphonium iodide as
a catalyst, 0.8 part by weight/hr of potassium carbonate,
and 78 parts by weight/hr of a starting material ethylene
oxide aqueous solution (60 wt%), were supplied to obtain
a reaction solution comprising ethylene carbonate and
25 ethylene glycol (EG). This solution was in its entire
amount transferred to a second reactor for a retention

time of 2 hours, under a pressure of 0.5 MPa at a



further subjected to a vacuum evaporator operated at 10 140C under a
pressure of 8 kPa (60 mmHg) to evaporate the majority of ethylene glycol
and to recover 13 parts by weight/hr of the catalyst solution having the
catal yst concentrated, fromthe bottom of the evaporator. The recovered
catal yst solution was recycled as a catalyst to 15 the first reactor for
reuse. The conposition of the catalyst solution after a continuous
operation for 1 year, was as follows. Cggposition of the Catalyst Sol ution
Et hyl ene gl ycol : about 59 wt% 20 |odide (quaternary phosphoni um i odi de):
about 33 wt %tnipertdtderd qifatieratar y op haseh ahieu wotitlhdhiede et hatieuie 6 Wt %

Pot assi um car bonate: about 2 wt% After the above conposition was reached,
the 25 oper atdagrbomss e Hardyedl vwaed M Qbtpmim of . § ar oatky yweighko/ht ioh was
wi thdrawn at a rate of 0.02 part by weight/hr. The w thdrawn catal yst

sol ution (heragi rafuenuss o nefian eat terlasleng tdhidreodn, |¢eptaining walse suppl i ed
to a flush vessel, and about 93 wt % of ethylene glycol contained in the
liqui d was raehaldysmder conditions of 3 Torr (400 Pa) and 128C. The liquid

after renoval of 5 ethyl e_ne%glycol (hereinafter referred to as "concentrated
product AS) was rEiatebrrined OSTCheR SRderionm wae dhseliliedupy as the

concentrated product_ A was added, and the mxture was cooled to 20C with
stirring and ¥AcYWy distillation column at a bottom temperature of

140°C under a pressure of 11 kPa (80 mmHg) to obtain a
dehydrated liquid from the bottom, and the liquid was
further subjected to a vacuum evaporator operated at
10 140°C under a pressure of 8 kPa (60 mmHg) to evaporate
the majority of ethylene glycol and to recover 13 parts
by weight/hr of the catalyst solution having the catalyst
concentrated, from the bottom of the evaporator. The
recovered catalyst solution was recycled as a catalyst to
15 the first reactor for reuse. The composition of the
catalyst solution after a continuous operation for 1 year,
was as follows.
Composition of the Catalyst Solution
Ethylene glycol: about 59 wt$%
20 Iodide (quaternary phosphonium jodide) : abou£ 33 wt%
Chloride (quaternary phosphonium chloride):
about 6 wt%
Potassium carbonate: about 2 wt%
After the above composition was reached, the
25 operation was changed so that a part of this catalyst
solution was withdrawn at a rate of 0.02 part by

weight/hr. The withdrawn catalyst solution (hereinafter



whereupon it was left to stand still for 1 hour. 10 The precipitate
(RHereinafter referred to as "precipitate A') was separated by a vacuum
separator, and the obtained filtrate (hereinafter referred to as "filtrate
A") was anal yzed, whereby the conmposition of this filtrate A was as follows
and was one containing 15 about 80 wt % of the chloride in the w thdrawn
liquid AL Conposition of Filtrate A Water: about 78 w % Et hyl ene gl ycol
about 7 wt% |odide (quaternary phosphongsm i odide): about 1 wt% 20

Chl ori de (quaternary phosphoni um chloride): about 10 wt % Potassi um

carbonat e: 4retff¥rr@d ttre agt Herl thadmwrt He qaiicl & "pr ewispistugipd i&dvas anal yzed,
wher eby the conposition of the precipitate A 25 was as follows, and this
was one cont dilmising valssel 98 ng wbaft t1943e vitddiode dthyvtliemealgdwsodi t hdrawn i quid
A. Conposition of Precipitate A 56 Wter: about 16 wt% Ethylene glycol
about 1 wt % cloodiadaedyuat ehearly phos pleeningmovedi de)de ralyond 86 oo fICH or i de
(quat ernary phosphoniumchloride): 5 about 2 w % Potassium carbonate: at
most 1 wt % Watrer (@9d éehyleewe 1§18J€ol Tomthigqedd i af tde férdval eofA were

renoved by nmeans of an evaporator operated at
5 ethylene glycol (hereinafter referred to as “concentrated

product A”) was maintained at 95°C, and water in the same
amount as the concentrated product A was added, and the
mixture was cooled to 20°C with stirring and mixing,
whereupon it was left to stand still for 1 hour.

10 The precipitate (hereinafter referred to as
“precipitate A”) was separated by a vacuum separator, and
the obtained filtrate (hereinafter referred to as
“filtrate A”) was analyzed, whereby the composition of
this filtrate A was as follows and was one containing

15 about 80 wt% of the chloride in the withdrawn ligquid A.
Composition of Filtrate A

Water: about 78 wt%
Ethylene glycol: about 7 wt%
Iodide (quaternary phosphonium iodide): about 1 wt$%
20 Chloride (quaternary phosphonium chloride):

about 10 wt%

Potassium carbonate: 4 wt%
" On the other hand, the above precipitate A was
analyzed, whereby the composition of the precipitate A

25 was as follows, and this was one containing about 98 wt%

of the iodide in the above withdrawn liquid A.

Composition of Precipitate A



140C. Along with the renoval of water and ethylene 10 glycol, the pressure
was reduced, and finally, 5 Torr (660 Pa) was nmaintained for 30 minutes. By
this operation, the amount of water and ethyl ene glycol contained in the
distillation residue becane at nost 10 W% To the residue after thus
removi ng water and 15 ethyl ene glycol, acetone in the sane anount by wei ght
was added. Then, the obtained liquid was transferred to a vessel equipped
with a stirrer, and sodiumiodide in an sgnount of 1.2 tines by nol to the
contai ned chloride was added in the formof a solid, followed by stirring
at 20 room tenperi@ter: for 1 hour. The precipitate fornmedabputt hibswitfor gani c
chloride precipitation operation was separated by a vacuumfilter and

anal yzed, wherebyEthylens salweel pitate, sodi um chloride cebpespdnuitdg to at

| east 98 wt % of the chloride in the filtrate A, was 25 present. On the ot her
hand, the filtratkodideai @k grnary okosplonivui todidal at Bbauth8Pewhéf t er
referred to as "filtrate B") was introduced into an evaporator operated 57
under 5 Torr (660CHIride 1{DG terrpryhespheniyn ghlonkdehts of acetone and
ethylene glycol in the filtrate B were evaporated, and the obtained solid
was mxed5with water in the same anount by wei ght and wadhedt BowWtdwed 5 by
solid-liquid separation by a vacuumfilter. The obtained solid (hereinafter
referred to as "sPFEEY\RRTOWRAF§Zzed and found to ha®k PRELT &l W&Hi ng

conposition. Conposition_of Solid B ) . .
Water and ethylene glycol contained in the filtrate

A were removed by means of an evaporator operated at
140°C. Along with the removal of water and ethylene

10 glycol, the pressure was reduced, and finally, 5 Torr
(660 Pa) was maintained for 30 minutes. By this
operation, the amount of water and ethylene glycol
contained in the distillation residue became at most 10
wt%. To the residue after thus removing water and

15 ethylene glycol, acetone in the same amount by weight was
added. Then, the obtained liquid was transferred to a
vessel equipped with a stirrer, and sodium iodide in an
amount of 1.2 times by mol to the contained chloride was
added in the form of a solid, followed by stirring at

20 room temperature for 1 hour. The precipitate formed by
this inorganic chloride precipitation operation was
separated by a vacuum filter and analyzed, whereby in
this precipitate, sodium chloride corresponding to at
least 98 wt% of the chloride in the filtrate A, was

25 present. On the other hand, the filtrate obtained by
this solid-liquid separation (hereinafter referred to as

“filtrate B”) was introduced into an evaporator operated



Water: about 17 wt% 10 Ethylene glycol: at npst 1 w% |odide (quaternary
phosphoni um i odi de) : about 81 wt% Chloride (quaternary phosphoni um
chloride): at nost 1 wt% Sodium i odide: about 1 wt% 15 One having this
solid B and the above precipitate A conbined, contains about 98 wt % of the
iodide and the <chloride in the withdrawmn liquid A as the quaternary
phosphoni um i odi de, which was dissolved in ethylene glycol in the sane
amount by weight and recycled to the 20s7eactor for reuse. Thus, while
recovery and recycling of the catalyst were carried out, the operation was
conti nued, whadeby5i Torwag 6pos®ah| ett 410601 i ané shbsoprtatildy efliciently
wi thout a problemof a decrease in the reaction 25 efficiency in the process
for produci ngmetthgkepné gigtone aBEXARPhEl2ng blyErdnpie thel fitlgrate B
concentrated product A after 58 separation and renoval of ethylene glycol,
n- but anol i nwerkeeyaperatednt abf whegkbtadtedddod igs was oviged widdl vent for
di ssolution. This solution was transferred to a vessel equipped with a
stirrer, andwpbessshuiheodiade amoSnNtheYswed gyl andaweshedas fold omedr i de
contained in the _|iquid, was added, followed by m xing at room tenperature
for 2 hours. bYheopidcilprtdte seRaraépanabyd abyaswaac fdmtian -t eFhand
obtained soclid (hereinafter referred to as “solid B”) was
analyzed and found to have the following composition.
Composition of Solid B
Water: about 17 wt%
10 Ethylene glycol: at most 1 wt$%
Iodide (quaternary phosphonium iodide): about 81 wt%
Chloride (guaternary phosphonium chloride):
at most 1 wt%
Sodium iodide: about 1 wt%
15 One having this solid B and the above precipitate A
combined, contains about 98 wt% of the iodide and the
chloride in the withdrawn liquid A, as the qQuaternary
phosphonium iodide, which was dissolved in ethylene
glycol in the same amount by weight and recycled to the
20 reactor for reuse.
Thus, while recovery and recycling of the catalyst
were carried out, the operation was continued, whereby it
was possible to continue the operation efficiently
without a problem of a decrease in the reaction
25 efficiency in the process for producing ethylene glycol.

EXAMPLE 2-2

In Example 2-1, to the concentrated product A after



anal yzed, whereby in this precipitate, potassiumchloride 10 correspondi ng
to at least 95 wmt% of the chloride contained in the concentrated product A,
was present. On the other hand, the filtrate was introduced into an
evapor at or operated under 5 Torr (660 Pa) at 110C, and substantially all
anounts of butanol and ethylene i5 glycol in the filtrate were evaporated.
The obtained solid was m xed with water in the sane anmount by wei ght and
washed, followed by solid-liquid separatb®n by a vacuumfilter. The
obtai ned solid was anal yzed and found to have the follow ng conposition,
and it was osepa@atdenaimdngenioval 9F withtvdenehd livedilde rafiittar Ichiror i de i n
the withdrawn liquid Ain the formof the quaternary phosphonium i odide.
Conposi tion GheSsking \Wacant yowe 1pdtwiwns 28dechdsere gingegliic Zaolvént odi de
(quaternary phosphonium i odide) : about 80 wt% Chloride (quaternary
phosphoni um éRirodiigeplusdoznt. nBhisiselw-iPot Wwasi tnahededredatomast about 1
W% This solid was dissolved in ethylene glycol in the same anount by
wei ght and r ¥eygsledd ey ippedr widioe Selrrermegsd PPhess v |iedigtovigry and
recycling of the catalyst were carried out, the operation was continued,
whereby it ®R€ Fe85si Biodafo BOWith @ tthe shdicatiiden comftadingst |ip the

liquid, was added, followed by mixing at room temperature

for 2 hours.

The precipitate was separated by a vacuum filter and
analyzed, whereby in this precipitate, potassium chloride
10 corresponding to at least 95 wt% of the chloride
contained in the concentrated product A, was present.

On the other hand, the filtrate was introduced into
an evaporator operated under 5 Torr (660 Pa) at 110°C,
and substantially all amounts of butanol and ethylene

15 glycol in the filtrate were evaporated. The obtained
solid was mixed with water in the same amount by weight
and washed, followed by solid-liquid separation by a
vacuum filter. The obtained solid was analyzed and found
to have the following composition, and it was one

20 containing about 95 wt% of the iodide and the chloride in
the withdrawn liquid A in the form of the quaternary
phosphonium iodide.

Composition of Solid

Water: about 18 wt%
25 Ethylene glycol: 2 wt%
TIodide (gquaternary phosphonium iodide): about 80 wt$%

Chloride (guaternary phosphonium chloride):



W thout a problem of a decrease in the reaction io efficiency in the process
f 6r produci ng ethyl ene glycol. COWARATIVE EXAMPLE 1 In Exanple 1-1, 100 g
of the dehydrated reaction solution was withdrawn fromthe bottom of the
vacuum distillation colum. The ratio of ethylene glycol to the 15 catal yst
contained therein was 87% Water in the same anount by wei ght was added
thereto, and the m xture was cooled to OC, but no precipitate was forned.
EXAMPLE 1-4 To the filtrate obtained in Eganple 1-2, potassium 20 iodide in
an anount of 1 tinme by nol to the chloride in the liquid, was added in the
formof a 50 w % aqueous solution, and the m xture was lagf masd slt awtdb stil |
at 20C for 1 hour. The precipitate was separated and anal yzed. As a
result, it was cEdtiassidin hieedidet his precipitate, a2smpstwaboposdi bité to
effectively separate about 87 wt% of the chloride in the filtrate, as the

| NDUSTRI AL APPLI CABI LI TY According to the present invention, in a process
for produci s@men aaRtedy deiighdt iansl raerrled &p dilg/ | merctelf yEof such as
et hyl ene glycol, or an al kyl ene carbonate 5 such as ethyl ene carbonat e,

whi ch conpri §&!'S€acting an al kyl ene oxi de such as ethyl ene oxide with

wat er or carbon dioxide, in the presence of carbon dioxide, by
Thus, while recovery and recycling of the catalyst

were carried out, the operation was continued, whereby it
was possible to continue the operation efficiently
without a problem of a decrease in the reaction
10 efficiency in the process for producing ethylene glycol.
COMPARATIVE EXAMPLE 1
In Example 1-1, 100 g of the dehydrated reaction
solution was withdrawn from the bottom of the vacuum
distillation column. The ratio of ethylene glycol to the
15 catalyst contained therein was 87%. Water in the same
amount by weight was added thereto, and the mixture was
cooled to 0°C, but no precipitate was formed.
EXAMPLE 1-4
To the filtrate obtained in Example 1-2, potassium
20 iodide in an amount of 1 time by mol to the chloride in
the ligquid, was added in the form of a 50 wt% aqueous
solution, and the mixture was left to stand still at 20°C
for 1 hour. The precipitate was separated and analyzed.
As a result, it was confirmed that in this precipitate,
25 1t was possible to effectively separate about 87 wt% of
the chloride in the filtrate, as the quaternary

phosphonium iodide catalyst.



means of a quaternary phosphoni umiodi de and/or brom de <catalyst, it is
pdssible to efficiently recover the 10 quaternary phosphoni um i odi de or

brom de catal yst from the reaction systemand to recycle it for use, or it
is possible to convert the quaternary phosphoniumchloride fornmed in the
reaction system efficiently to a quaternary phosphoni um i odi de and/ or

brom de, which can 15 be recycled to the reaction systemfor reuse. Thus,

it is possible to prevent accunul ation iem the system of the quaternary
phosphoni um chl ori de having a |ow catalytic activity and at the sane tine
to convert i tINDUSTRLAL eAPRLYCHBDEPHONI um i odi de and/ or brom de having a 20
hi gh catalytic activity and to recycle it for use, whereby it is possible
to maintain the catabydingatdi theypremsenheisyshenvat anhaghrbegebt &od to
carry out the reaction to formthe al kyl ene derivative constantly and
effectively averdecimngamperliylefe tdepiv@biThe present amvahkybeneés based on
Japanese Patent Application No. 2003-031391 (filed on February 7, 2003), 61
Japanese Pat enty?ppl sech i ah dohy O0S-978498, (97 | @@ abky Mrehcaobonrgod) and
Japanese Patent Application No. 2003- 088281 (filed on March 27, 2003), and
their entisret$esh 29 cchaybeneierTberatey Veieh cpemorsPes APaMBING . a1 process

for producing an al kyl ene_derivative, which _ _
alkylene oxide such as ethylene oxide with water or

carbon dioxide, in the presence of carbon dioxide, by
means of a quaternary phosphonium iodide and/or bromide
catalyst, it is possible to efficiently recover the

10 quaternary phosphonium iodide or bromide catalyst from
the reaction system and to recycle it for use, or it is
possible to convert the quaternary phosphonium chloride
formed in the reaction system, efficiently to a
quaternary phosphonium iodide and/or bromide, which can

15 be recycled to the reaction system for reuse. Thus, it
is possible to prevent accumulation in the system of the
quaternary phosphonium chloride having a low catalytic
activity and at the same time to convert it to a
quaternary phosphonium iodide and/or bromide having a

20 high catalytic activity and to recycle it for use,
whereby it is possible to maintain the catalytic activity
in the system at a high level and to carry out the
reaction to form the alkylene derivative constantly and
effectively over a long period of time.

25

The present invention is based on Japanese Patent

Application No. 2003-031391 (filed on February 7, 2003),



conprises a reaction step of reacting an al kylene oxide wth water in the
prresence of carbon dioxi de by nmeans of 5 a quaternary phosphoni um i odi de or
brom de catalyst to forman al kyl ene glycol, characterized in that from at

| east a part of the reaction solution and/or the catalyst solution, the

al kyl ene glycol is renoved so that the nolar ratio of the al kyl ene gl ycol
to the catal yst 10 becones at nost 20 tines, followed by mxing with water
to recover the catalyst. 2. The process atcording to Claim1l, characterized
in that the nolar ratio of the al kylene glycol to the catalyst is nade to
be at nost tJiepeneke PatEne propddsstdeocondi.n@ 003 -O781W8L (drilxd cimar act eri zed
in that the operation tenperature at the tine of mxing wth water to
recover the tatraly2t0,i 2043 )Inestd Iz@arkseT ke temndc dep ldcedridimdia.o 20038 one of
Clains 1 to 3, characterized in that the anount of water to be mxed is 20
at | east 0.1 088281y fidieghton Brsed &7 .t 2003dt.alayst theilye entdgmtdresd. 5. The
process according to any one of Clainms 1 to 4, <characterized in that after
m Xi ng wi t h waeeheredyi dnaliufedd byvegafsriemes.s carried out to separate the
25 catalyst, which is recycled to the reaction step. 6. The process
according to Claim5, wherein the liquid separated by the solid-liquid
separation is recycled and 63 used as water for washing the catal yst. 7.
The process according to any one of Clains 1 to 6,



characterized in that the al kylene oxide is ethylene oxide. 5 8. A nethod
for regenerating a catalyst, characterized in that a mxture conprising a
guat ernary phosphonium chloride and a quaternary phosphoni um i odi de and/ or
brom de, obtained froma reaction step of reacting an al kyl ene oxi de
containing a chlorinated conpound as an 10 inpurity, with water in the
presence of carbon dioxide by neans of a quaternary phosphoni um i odi de

and/ or bromide as a catalyst, to form aneéal kyl ene glycol, is mxed with an
i odi de and/ or brom de to have the quaternary phosphoni um chl oride converted
to a quaternary 15 phosphoni um i odi de and/fers brom de, which is precipitated
in water. 9. A nethod for regenerating a catalyst, characterized in that a

m xture conpri si g prauaderiar Yorpddsphani amm a b ben ¢l edarnit &t et ertnbety
phosphoni um i odi de and/ or 20 brom de, obtained fromthe reaction step of
reacting an dngy eses oxixkaat idn cardw o fli meadeity araakkpleme guader nary
phosphoni um i odi de and/or brom de as a catalyst, to forman al kyl ene
carbonat e, i sviilxechtvert hiranthe dboesamckt ovf brarbae dvohede bhengams eohary
phosphonium 25 chloride converted to a quaternary phosphoni um i odi de

and/ or br éni de,quitiemary phespheriwd iodide cor Momilhe emtébyistctording to
Claim8 or 9, characterized 64 in that the m xture conprising a quaternary

phosphoni um fhimoran e Hedl eneuak e dar yCheapteni 408 | bdi deatantronr at

least a part of the reaction solution and/or the catalyst
solution, the alkylene glycol is removed so that the
molar ratio of the alkylene glycol to the catalyst

10 becomes at most 20 times, followed by mixing with water
to recover the catalyst.

2. The process according to Claim 1, characterized in
that the molar ratio of the alkylene glycol to the
catalyst is made to be at most twice.

15 3. The process according to Claim 1 or 2, characterized
in that the operation temperature at the time of mixing
with water to recover the catalyst is at most 30°C.

4. The process according to any one of Claims 1 to 3,
characterized in that the amount of water to be mixed is

20 at least 0.1 time by weight, based on the catalyst to be
recovered.

5. The process according to any one of Claims 1 to 4,
characterized in that after mixing with water, solid-
liquid separation is carried out to separate the

25 catalyst, which is recycled to the reaction step.

6. The process according to Claim 5, wherein the ligquid

separated by the solid-liquid separation is recycled and



brom de, is a reaction solution withdrawn fromthe above reaction step, or
a residue after distilling water and/or 5 at |least a part of the al kyl ene
derivative as the desired product, fromsuch a reaction solution. 11. The
“met hod according to daim8 or 9, characterized in that the m xture
conprising a quaternary phosphonium chloride and a quaternary phosphoni um
i odi de and/or 10 brom de, is an aqueous sol ution obtained by m xing the
reaction solution withdrawn fromthe abové3reaction step or the residue
after distilling off water and/or at least a part of the al kyl ene
derivative asiddie dleiatedt Faduedishinomisaicdateaesct i on sol ution, with water
to let the is catalyst precipitate as solid, and separating the

preci pi t at ed Tat @hestordéesslhes amtdhiody aor airdi nghd cofarglaims of fbadys 8 to
11, characterized in that the precipitated quaternary phosphonium i odi de
and/ or bronm dhdsateoovarddirantha®) tleryecllad dre tdreidbove edagiema step. 13.
A nethod for regenerating a catalyst, characterized in that an iodide
and/ or brom deide.added to a mixture conprising a quaternary phosphoni um
chloride and a quaternary phosphoni um iodide and/or brom de, obtained 25
fromthe Peadti ot giedhast frasaciegrperntaing lematad Rt comzaali el zed

chl orinated conpound as an inpurity, with water in the presence of carbon
di oxi de by meghstRFt @£ G5 XS FRYE HHES phOH AR T Y P RORPRAN BB de as a

catalyst, to let chlorine derived fromthe quaternary._,
y chlorlée and a gquaternary phosphonium {galde and/or

bromide, obtained from a reaction step of reacting an
alkylene oxide containing a chlorinated compound as an

10 impurity, with water in the presence of carbon dioxide by
means of a quaternary phosphonium iodide and/or bromide
as a catalyst, to form an alkylene glycol, is mixed with
an iodide and/or bromide to have the quaternary
phosphonium chloride converted to a quaternary

15 phosphonium iodide and/or bromide, which is precipitated
in water.
9. A method for regenerating a catalyst, characterized
in that a mixture comprising a quaternary phosphonium
chloride and a quaternary phosphonium iodide and/or

20 bromide, obtained from the reaction step of reacting an
alkylene oxide with carbon dioxide by means of a
quaternary phosphonium iodide and/or bromide as a
catalyst, to form an alkylene carbonate, is mixed with an
iodide and/or bromide to have the quaternary phosphonium

25 chloride converted to a quaternary phosphonium iodide
and/or bromide, which is precipitated in water.

10. The method according to Claim 8 or 9, characterized



phosphoni um chl ori de precipitate as an inorganic chloride in an organic
sélvent, thereby to recover the quaternary 5 phosphoni um i odi de and/ or

brom de. 14. A nmethod for regenerating a catal yst, characterized in that an
i odide and/or bromde is added. to a mi xture conprising a quaternary
phosphoni um chl ori de and a quaternary phosphoni umi odi de and/ or brom de,
obtained 10 fromthe reaction step of reacting an al kyl ene oxide with

carbon di oxi de by neans of a quaternary pldasphoni um i odide and/or brom de
as a catalyst to forman al kylene carbonate, to let chlorine derived from

t he quaternarin HHsSpeniviRQIdOrdsho I L Pid adnea esrvdiry NeHGaphén Chhor i de 15
in an organi c solvent thereby to recover the quaternary phosphonium i odi de
and/ or brom athldihdelhendred hach ety nshdspKadrad um 13odidd andhet act eri zed

in that the m xture conprising a quaternary phosphonium chloride and a

guat er nary phasphicis uns cdickeaanicddro rs Z0u i e wiie; hdisavanyf oore  difie t dleodel | owi ng
(a) to (c): (a) Aliquid or solid obtained by adding water to the reaction
sol uti on wi t htratrid e @aboveresiatie onf stepdistol b boy pratée aheé/cat al yst
and dehydrating an aqueous solution after separating the precipitated

cat al yst, 525 gth)lemdt quiphnl bltike cbiky kenk Wendd hijvewaerthe destesfidue
after distilling off water and/or at |east a part of the al kyl ene
derivative aPudiBiGfesifea prsducd T BB 3Nk EdEti on sol uti on wit hdrawn

fromthe reaction step, to precipitate the catalyst as solid, and
dehydr at i ng ant - The method according to Claim 8 or 9, characterized

in that the mixture comprising a quaternary phosphonium
chloride and a gquaternary phosphonium iodide and/or

10 bromide, is an agueous solution obtained by mixing the
reaction solution withdrawn from the above reaction step
or the residue after distilling off water and/or at least
a part of the alkylene derivative as the desired product
from such a reaction solution, with water to let the

15 catalyst precipitate as solid, and separating the
precipitated catalyst.
12. The method according to any one of Claims 8 to 11,
characterized in that the precipitated quaternary
phosphonium iodide and/or bromide is recovered and

20 recycled to the above reaction step.
13. A method for regenerating a catalyst, characterized
in that an iodide and/or bromide is added to a mixture
comprising a quaternary phosphonium chloride and a
quaternary phosphonium iodide and/or bromide, obtained

25 from the reaction step of reacting an alkylene oxide
containing a chlorinated compound as an impurity, with

water in the presence of carbon dioxide by means of a



aqueous solution after separating the precipitated catalyst, 5 (c) Aliquid
obt ai ned by dissolving the liquid or saolid obtained by the dehydration in
(a) or (b), in an organic solvent. 16. The nmethod according to Claim 13 or
14, characterized in that the m xture conprising a quaternary phosphoni um
10 chloride and a quaternary phosphoni um i odi de and/or brom de, is either
one of the followng (d) and (e): (d) Aliquid obtained by diluting the
reaction solution withdrawn fromthe reaggion step, with an organic

solvent, 15 (e) A residue after distilling off water and/or at |east a part
of the al kyl epg A8 Mat ipth Sshdmiamdesddieb a‘H&’/CB&CtbxchanfHé hes rgacti on
solution withdrawn fromthe  above reaction step, or 1 qui d obt ai ned by

di ssol vi ng %géaleygtewwelé@&m&rﬂ@ld‘eﬁq}é@nﬁmrz%ﬂg dee 784 d
according to any one of Clains 13 to 16, characterized |n that t

recover ed qQuaRIIESh iU QSIGNI Al 46 @ is lﬁmm&&g{aﬁai@wﬁ&dﬂ@ t he

above reaction step. 18. A process for producing an al kyl ene derivati ve,
which 25 conpf isseorydreactdayaitep tﬂ‘feﬂeﬂﬁﬂtﬂdlgféﬂb\aéﬂ(y&wﬁqwﬁélﬁlaﬁﬁd

carbon di oxi de by nmeans of a quaternary phosphonium i odide and/ or brom de
as a cat abystphasghomiwan adddderend/or dardminkt e, characterized in that an
i odide and/or bromde is added to a m xture conprising a quaternary
phosphoni um 14. A method for regenerating a catalyst, characterized
in that an iodide and/or bromide is added to a mixture
comprising a quaternary phosphonium chloride and a
quaternary phosphonium iodide and/or bromide, obtained
10 from the reaction step of reacting an alkylene oxide with
carbon dioxide by means of a quaternary phosphonium
iodide and/or bromide as a catalyst to form an alkylene
carbonate, to let chlorine derived from the quaternary
phosphonium chloride precipitate as an inorganic chloride
15 1in an organic solvent thereby to recover the quaternary
phosphonium iodide and/or bromide.
15. The method according to Claim 13 or 14, characterized
in that the mixture comprising a quaternary phosphonium
chloride and a quaternary phosphonium iodide and/or
20 bromide, is any one of the following (a) to (c):

(a) A liquid or solid obtained by adding water to the
reaction solution withdrawn from the above reaction stép
to precipitate the catalyst and dehydrating an aqueous
solution after separating the precipitated catalyst,

25 (b) A liguid or solid obtained by adding water to a

residue after distilling off water and/or at least a part

of the alkylene derivative as the desired product from



chl oride and a quaternary phosphoni umi odi de and/or brom de, obtained from
t he reaction step, to have the 5 quaternary phosphoni um chl ori de converted
to a quaternary phosphonium i odi de and/or brom de, which is precipitated
in water, and recovered and recycled to the reaction step. 19. A process
for producing an al kyl ene derivative, which 10 conprises a reaction step of
reacting an al kyl ene oxi de and carbon dioxide by neans of a quaternary
phosphoni um i odi de and/or brom de as a cgkal yst to forman al kyl ene
carbonate, characterized in that an iodide and/or bromde is added to a

m xture conpriyl N & Gl ESRLY SNSRI MM 15 Ghl Qld dee f8di & add gy nary

phosphoni um i odi de and/or ~ brom de, obtained fromthe reaction step, to |et

chlorine derdyegd-ddam e qiad eFded iy PNasPhadi 1 AR Pradde aRdechpidat e as

an inorganic chloride in an organic ‘solvent, whereby the quaternary

phosphoni um igagiia; angd Bit Zéh i ord €l esdifarLEUE ML Fhebd BEYEdsgto the
reaction step.
catalyst,

5 (c) A liquid obtained by dissolving the liquid or
solid obtained by the dehydration in (a) or (b), in an
organic solvent.

16. The method according to Claim 13 or 14, characterized
in that the mixture comprising a quaternary phosphonium

10 chloride and a quaternary phosphonium iodide and/or
bromide, 1s either one of the following (d) and (e):

(d) A liguid obtained by diluting the reaction
solution withdrawn from the reaction step, with an
organic solvent,

15 (e) A residue after distilling off water and/or at
least a part of the alkylene derivative as the desired
product from the reaction solution withdrawn from the
above reaction step, or a liquid obtained by dissolving
such a residue in an organic solvent.

20 17. The method according to any one of Claims 13 to 16,
characterized in that the recovered quaternary
phosphonium iodide and/or bromide is recycled to the
above reaction step.

18. A process for producing an alkylene derivative, which

25 comprises a reaction step of reacting an alkylene oxide

and carbon dioxide by means of a quaternary phosphonium

iodide and/or bromide as a catalyst to form an alkylene



10

15

20
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carbonate, characterized in that an iodide and/or bromide
is added to a mixture comprising a quaternary phosphonium
chloride and a quaternary phosphonium iodide and/or
bromide, obtained from the reaction step, to have the
quaternary phosphonium chloride converted to a quaternary
phosphonium iodide and/or bromide, which is precipitated
in water, and recovered and recycled to the reaction
step.

19. A process for producing an alkylene derivative, which
comprises a reaction step of reacting an alkylene oxide
and carbon dioxide by means of a quaternary phosphonium
iodide and/or bromide as a catalyst to form an alkylene
carbonate, characterized in that an iodide and/or bromide
is added to a mixture comprising a quaternary phosphonium
chloride and a quaternary phosphonium iodide and/or
bromide, obtained from the reaction step, to let chlorine
derived from the quaternary phosphonium chloride
precipitate as an inorganic chloride in an organic
solvent, whereby the gquaternary phosphonium iodide and/or

bromide is recovered and recycled to the reaction step.



