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POLYTETRALETHYLEENE ETHER DI ESTER TO POLYTETRAMETRYLENE ETHER GLYCOL.
BACKGROUND OF THE | NVENTI ON Pol y(tetranet hyl ene ether) glycol (PTMEG is
produced by polynerizing tetrahydrofuran (THF) in presence of an 5

anhydri de‘,"ot‘&lgp |1y acetic anhydride (ACAN), to form thepdraped/miser of the
pol yneri zed tetrahydrofuran (PTMEA), which nust be converted to the
correspondi ng di hydroxy product (PTMEG . As extensively described in the
technical literature, |0 the acetate end groups are renoved by subnmtting
PTMEA to transesterification with an al cohol, usually nethanol, in
presence of an al kaline catalyst. After the transesterification is

conpl ete, tRENEINHPPRe PBACEF§StFOR OMNVERTING I POLYIrRORARETEFradgst With

an 15 aci i I ich is renoved by filtration. The technol ogy
of transesS%%€¢ﬂ£§?F§E§?SEﬁggpgﬁwgﬁﬁnﬂﬁﬂ rFPEBR| GLYGRLt echni call
literature, as for instance in US Pat. 2499725, Journal of Anerical
Society Vol. 70 pg. 1842, and in G oggings-"Unit processes in organic 20
synt hesi s" PACEGROUNBCOFSTHE: INWBNpIONence of PTMEA in the PTMEG product,
even in small anmount, is not desirable in urethane applications, high

| evel of conversion, typically above 99,9% is to be achieved in the

transesteripsbLatltoPragatAReLier AENe % tor ti.ng the quality of
the product ig t he p(esegce of%ﬁqgﬁhiﬁ% é%% 6?@g%§8ifﬁgiﬂrOFﬂEeBroduct. 2
0 APR 2006 by polymerizing tetrahydrofuran (THF) in presence of an

5 anhydride, typically acetic anhydride (ACAN), to form
the diacetate of the polymerized tetrahydrofuran
(PTMEA), which must be converted to the corresponding
dihydroxy éﬁoduct {PTMEG) .

As extensively described in the technical literature,

10 the acetate end groups are removed by submitting PTMEA
to transesterification with an alcohol, usually
methanol, in presence of an alkaline catalyst.

After tbe transesterification is complete, the alkaline
qatalyst is removed by reacting the catalyst with an

15 acid forming a salt which is ;emoVed~by-filtration;'
The technology of transesterification is well known and
described in the téchnical literature,.as for instance
in US Pat. 2499725, Journal of Americal Society Vol. 70
Pg. 1842, and in Groggings -“Unit processes 1in organic

20 synthesis” pg. 710-715. |
Since the presence of PTMEA in the PTMEC'proauct, even
in small amount, is not desirable in urethane
applications, high level of conversion, typically above
99,9%, is to be achieved in the transesterification.

25 Another critical factor effecting the guality of the
product is the presence of alkalinity or of acidity in

the product.
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B continuous mode of operation 1is by all means
desirable, but, compared to the batch mode,” has a lower
degree of flexibility and consequently has a higher
risk of yiélding_off spec PTMEG.

Consequently in the design of a cantinuous
transesterification system special provisions have to
be taken to assure high level of performances within
the wide'range of operating conditions encountered in
the practice of industrial plants.

Such special provisions do not appear enough defined in
the previous art. |

In WO 97/23559 DU PONT describes a process of reéctive
distillation where the feed to the alkanolysis,
consisting of PTMEA, an alkanol and an alkaline
catalys£ is fed to the top section of a distillation
colﬁmn_ while hot vapors of alkancl are fed to the
botrom of the column to sweep any alkanol ester formed
by alkanolysis of PTMEA.

in the above mentioned patent DU PONT states that the
processes described in his previous US Pat 4230892 and
US Pat 4.584.414 fail to assure such high level of
pe:formancés as required in a procsss operating in a

continuous mode of operatiocn.



2 2 0 APR 2004 WD 01130885 PCT/ EPO0/ 10511 However, the statement in VDD APR 2004
97/ 23559 that the alcoholysis by reactive distillation may be perforned

by meanswgfoiegssof the distillation methods and equi prendcpgpa@iasiial |y
known and practiced in the art, S including conventional tray distillation

colums, does not appears to provide by all neans satisfactory results.
in fact inconplete conversions have been achieved when perform ng

al coholysis in a conventional colum with nultiple trays, in case the
global 1o retention time of the liquid reagents in the colum is fairly

|l ow, for instance |less than half an hour. As clearly described in G ogging

"Unit procg%gpes\,é'rq of gani 9t§¥@ﬁ1§§§is'inCh%- 91-;/251%53?%%3@ ;jﬁ]%é gn of a

continuous multistage transesterification reactor equi res € know edge
not only ofaltduhdlherimdyparieestibat ddlssdlofzttibe s BE MRS @AEGidON -and of
ki netics, which determne the speed of _he-- reaction, the retention tine
necessary, Pdhd REGTEequUEnt 130 he fappitac B stté legtitonbr MeRhadseacindt age. 20

| ncase of i t i [ cli . no volve to

equi libri ur%%g t tg %%r?%é%rg%lcfe%nﬁi\%hgréﬁgu%é)g% clgg I 3L/Rf Etg%ﬁ tHe ‘val ues
predi ct abl e rwyl ddieng coonventt Died 1 netdnpdsi of 1 Ul stidhatbeamARQuUiddde
neutralization, the previous art does not 25 offer fully satisfactory

sol utions MY el2@RHF I 0 & FFIHFoudYodd lof mepasat isert 1 i rrvl. 460 796

e E brehoddaases et erddle AR oA RNRL S35 MR Dp IRt N0
achieved when performing alcoholysis in a conventional
column with multiple trays, 1in <case 'the global

10 retention time of the ligquid reagents in the c¢olumn is
fairly low, for instance less than half an hour.

As clearly‘ described in Grogging “Unit processes in
organic synthesis” chapt. 12, thé correct design of a
continuous multistage transesterification reactor

15 requires the knowledge not only of the thermodynamics
but also of the laws of mass. action .and of kinetics,
which determine the speed of the - reaction, tha
retention time necessary, and conseguently the approaéh
to eguilibrium in each stage.

20 In <case of inadequate retention time the reaction does
not evolve to equilibrium, and the performances differ
_substantially from tThe values predictable by the
conventional methods of distillation.

About the neutralization, the previous.. art does not

25 offer fully satisfactory solutions in relation to a
continuous mode of operation.

US Pat 4.460 786 describes & process where the alkaline
catalyst 1is removed by reacting with orthophosphoric
acid in thes eguivalence ratio of from 1.5 to 2.5 : 3.

30 The salt formecd is subsaguently separated from PTMEG by

)



acid in the equivalence ratio of from1.5 to 2.5 : 3. 30 The salt f ordrfb&PR B4
subsequently separated from PTMEG by 3 2 0 APR 2004 WD 01/ 30885

PCT/ EPOO/ 10511 filtration. The process appears in principle ade uate in
case the WOHEA%EA i zation is perfornmed batchw se, but is ng ri sks
in a continuous node of operation, where it 5 may result not easy to
control the addition of reagent aci d within the specified range of

equi valents, in consideration of the fluctuations which occur in the

i ndustrial practice. In case of abnormal operation the PTMEG product will
be 10 contam nated either by an abnormal content of alkali or by an
excess. of acid. DESCRIPTION OF THE INVENTION 15 It is object of this

i nvention aftFaR3&3PBrification process capabl e to produce, on a

cont i nuous f er o) Qf PT eufra d free of
i norganic sgﬁ p% WIE?FH At}é or l|é/Egar ai y Py po ra% t#; d%zgggta e end 20
groups obt aha@drbylpatytmr izl e ridrrat k&amwﬁ,_ comt ai Bi ABtAGANe The

conversion of PTMEA to PTMEG i s made by cat aI£yt| c transesterificatron of
PTMVEA usi ngtl Gisks Ggn alakmtlnup?Lé‘-f eMaBPy oFetIRAIGIt iR t VAASEStidri fying

odi um et P4 €258 B YR Rh sart PP EnE AR BeTE PR ol MR LY
tr{:msesterlBtgatlﬁﬂtzepﬂprttr&es spRENEA dd orflan@e. t f 6w atan®d kanal (|
e rrEthano[:o%‘xsiderationof the fluctuations which occur in the
industrizl practice.
In case of abnermal operation the PTMEG product will be

10 contaminatad either by an abnormal content of alkali or

by an excess cf acid.

DESCRIPTION OF THE INVENTION

It is obiject of this invention a transesterification
process capable to produce, on a continuous mode of
operation, PTMEG £free of PTMEZ, neutral and free of
inorganic salts. .
PTMEA will be ordinarily a polymer with diacetate end
20 groups obtained by polymerizing THF in- a medium
contgining ACAN.

The conversion of PTMEA to PTMEG is made by catalytic
transesterificatlon of PTMEA using a T, to C4 alkanol,

preferably methanol, as transesterifying agent and an

=
(v

alkali methal oxide, hydroxide or methoxide, preferably
socdium methylate, as catalyst.

Typically the Ifeed to the Transesteriiication comprises
PTMEA from 40 to 60% by wt, alkanol {i.=.: methansl)
from 60 to 40% by wt, catalyst {(i.e.: sodium methylate)

30 Ifrom 500 to 1000 ppm based on PTMEA.



from60 to 40% by wt, catalyst (i.e

sodi um net hyl at e)

30 from 500 Z8 APR 2004

1000 ppm based on PTMEA. 4 2 0 APR 2004 WD 01/ 30885 PCT/ EP00110511 In the
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30 5 2 0 APR 2404 WO 01/30885 PCT/ EP00/ 10511 e} feeding the liquid eff§ aehidlt
fromthe |last stage of the first reactor to the first stage of the second
mul ti staged reactor. The second reactor conprises a sequence of stages 5
desi gnedvVO®13888%re adequate retention tinme, in conbi nat PERERDPI/IOSH gh
efficient distillation trays. The global retention tinme in the second
reactor is of from 0.5 to 3 hours, preferably about 1.0 hour. 10 f)
recovering fromthe overheads of the second reactor vapors of al kanol with
resi dual amount of al kanol ester to be transferred to the |ast stage of

the first reactor. 15 g) feeding to the |l ast stage of the second reactor

vapors of fresh al kanol and vapors of al kanal regoveﬁ% fromt hefeffl uent
fromthe teanseseedihigcabieodiauidaffidy¥gpor AFPBNTFSI LBFF NG PHE ©

neutralization step. 20_h) adding iqui g efffuen of skhenlgast stage
of the set8fid f%a%t of S5 it ﬁircg %}ft‘gpt#c%gs&o#c%aci d and of sodium

phosphat e gpAQRagiaG el Medcl.i ze the basic catalyst, where the phosphoric
acid is in equivalent proportion to the basic catalyst of 3 .to from2.6 to

25 3.7, pfaker ablopngf IeR6LIT aRERREFESt e SKHWMCShSsphatEé3FSnobasic is
in equivalent propprtion to basig, st al yst--ati8nto fim 1. Q40 4.0
pr ef er abl yd(?fSlﬁmte%oz_kgo ia)s%“grgedi ng&%ﬁ% neutralization effluent to a
combination with high efficient distillation trays. The
global retention time in the second reactor is cf from

0.5 £to 3 hours, preferabiy about 1.0 hour.

10 £} recovering from the overheads of the second
reactor vépbrs of alkanol with residual amount of
alkanol ester to bpe transferred to the last stage of

+he first reactor.

15 g} feeding to the last stage of the second reactor
vapors of fresh alkanol and vapors of alkanol recovery
from the effluent from the transesterification in an

evaporation following the neutralization step.

20 h) adding ta the liquid effluent of the last stage of
the second reactor a mixture of phosphoric acid and of
sodium phosphate monocbasic to neutralize the basic
catalyst, where the phosphoric acid is in equivalent
proportion to the basic cataiyst of 3 to from 2.6 to

25 3.4, preferably of 3 tc 3, and where the sodium

phosphate monobasic is in squivalent proportion to the

basic catalvst of 2 to Zrom 1.0 ts 4.0 preferably of 2
to 2.
30 1) feeding the neutralizatiocn effluent Lo a



6 2 0 APR 2004 WO 01! 30885 crystallizer. PCT/EPOQ 10511 j ) feeding 2 RB&PR 200i
crystallizer effluent to a filtration unit. 5 k) feeding the effluent from
the filtrabonsosg® an evaporator to renove vapors of al kage]l_ Yg I; are fed
to the last stage of the second reactor as per point abov E éﬁo

enbodi nents of this invention are schematically represented in Fig. 1.

TMEA containing only traces of ACAN, ACOH and of non 15 converted THE is

m xed (line 1) with a stream of recovered nmethanol with reduced

nmet hyl acetate content (line 2) and with a stream of transesterification
catal yst, preferably 'consisting of sodiumnethylate dissolved in nethanol

(line 3). Qé)r}]'g]@amﬁgfe enters (line 4) the upper stage of the first
reactor (R-1). In the first reactor (R 1) PTMEA is made to react with
met hanol form ng PTMEG and net hyl acet ate. In order to favour the

conver si on the xtyre fI WS in a quenc of stages conprising stages
of retentioh foln%‘:t'ﬁ\gﬂ“%y Ri éjﬁyéf:P Féﬁf é?‘ PPR&L |t8natr<§fgﬂsngr§/5b8?s of

met hanol frgmthe second reactor (R-2) (line 9) and fromthe reboiler
(E-1) (line 10) are fed at the
5

k) feeding the efiluent ifrom the filtration to an
evaporater to remove vapors of alkanol which are fed to

the last stage of the second reactor as per point g)

above.

The embodiments of this invention are schematically

represented in Fig. 1.

TMEA containing only traces of ACAN, ACOH and of non
15 converted THF is mixed (line 1) with a stream of
recovered methanol with reduced methylacetate content
{line 2) and with & stream of transesterification
catalyst, preferably consisting of sodium methylate
dissolved in methanol (lins 3).
.20 The mixture enters (line 4) the upper stage of the
first reactor (R-1).
In the.fi:St reacter {R-1) PTMEA is made to react with
methanol forming PTMEG and methylacetate., In order to
favour the conversion the mixture flows in a sequence
25 of stages comprising stages oif retention followed by
high efficient distillation trays.
Vapors of methanol from the sscond reactor {(R-2) (line
9} and from the reboiler (E-1) (line 10)} are fed at the
bettoms of the resacior.

30 Saild wvapors removs the methylacetate formed in the



bottons of the reactor. 30 Said vapors renove the nethylacetate for med DiARR 2004
the 7 2 0 APR 2004 reactor, vyielding over head vapors consisting of a

m xture of nethanol and nethyl acetate, which is conveyed (line 5) to an
azeotropic colum (T-1). The azeotropic colum (T-1) separates overheads a

i i i further
5 nethyl acet at e- met hanol azeotrope, which is disposed for _
reprocgssi n l.Line "1) an t bottons a stream of nethanol with reduced

met hyl acet 51%@ EGfrent (i B)9 vHiehead r etape el pal(frr#yst'g)ug higfied (line
2) and pagllkye et rebaqj t irst_reactor ine 8). . .
cénversignhéfx#gﬁlre}gfs thgﬁné%yﬁls rall?hl eved'SH et r‘«_é%le@@r.lfrﬂe
conver si oncsveyetdherl ingrovead ian Ta!'t%oft%%ll% Croqglﬁf;nor”(_@pz_) ; Wperga the .
effluent fromthe first reactor (line 11) is subjected t'o stripping w

hot 15 met ARRol RO 5OR 1 ¢ nece2ymal modt-1fr eesapfa net diy| aeftat@aqd n 4 he

R the conversion is driven to values of above 99.99%
\?\ﬁ?%ﬂdgi :ﬁﬁ%?bﬁga&%laitteym& ht&'ﬁ’éi Fﬁ%iﬁ%‘ﬁucfblq?he JFSI'I\/E@hQOIS@tﬂ; ofrlazf romthe
second reagtieehkhi NerdiSdoce£Didd owhnppart (Jine 4% the neutralizer
preparation vessel (%ﬁ?ewhlerée i s m xe )W(J[ri] p%%s ﬂ%EPE‘Sa& FfYI§HR 22)

i ' I : i - hori c
d sodi un?phaspitiere nonoblasiredikiede mddhy llate tRard | Soth@Ent t QQIBQO_S@) _
:(r:]i dsi S ortéo osphoric acid and the sodi um phosphate rrpnobfaS| C is either
of the ZSWErbEEh attEYCI6A t headitydr b® e ther nfedte ndatinal | 2Br dr&kture

(line 16) gadiiberBukkof BIVEG, 89|thogiggkn%e%g%01|??i%%‘%)qrystal|izer

(C%GD Whe.igeconversion of not less than 99% is achieved in the
first reactor.
The conversion 1is further improved in the second
reactor (R-2); where the effluent from the first
reactor (line 11} is subjected to stripping with hot

15 methanol vapors (line 12) almost free of methylacetate.

In the second reactor (R-2) the conversion is driven to
values of above 99.99%, which grants the quality of the
PTMEG product.

The PTMEG solution from the second reactor (line 13},

20 flow in part (line 14) to the neutralizer preparation
vessel (D-1), where is mixed with phosphoric acid (line
22) and sodium phosphate monobasic {line 23). In

particular, the phosphoric acid is orthophosphoric acid
and the sodium phosphate monobasic is either of the
25 monohydrate or of the dihydrate form.
The neutralizer mixture (line 16) and the bulk of PTMEG
solution (line 15) flow to a crystallizer (CR-1) where
the salts formed in the neutralization are made to grow
to a filtrable size.
30 The crystallizer effluent (line 17) flows through a
filter (FL-1) which separates the salts (line 21).
The filtered PTMEG solution {line 18) is mixed with

fresh methanol {(line 19), the latter at a rate



the salts formed in the neutralization are made to grow to a filtrablld APR 2004
size. 30 The crystallizer effluent (line 17) flows through a filter (FL-1)
whi ch semeool/mssst he salts (line 21). The filtered PTMEG se@l-4igpabudsii Ne 18)

is mxed with fresh nethanol (line 19), the latter at a rate 8 20 APR 2004
WO 01/ 30885 PCT/ EPOO/ 10511 equi valent to the anmpbunt of nethanol reacted to
form nethylacetate or present as such in the overheads of the azeotropic
colum (T-1). Said mxture flows to an evaporator (EV-1) where the 5 bulk

of nethanol is vaporized and fed (line 12) to the second reactor (R-2)_

The effluent fromthe evaporator (EV-1) is PTMEG containing sone residual

met hanol whighi velyerbe tenmred ahguvapardf ze¢iwmaehdeeagbaedumaor £bymst ri ppi ng

with aid 10 of an inert gas. The deant aglreﬁ:iof t?rﬁ process ocgérec; of this
i nvention &S 9ot He® uSE BT IFRE YT 58t i° y5t efrf*6f Osvteég‘&a o¥f di ng
retention tﬂH? %}g%}%pycgi% effigient distillation trays assures the

0 -

achi evenent g conversion wthin the wide range of fluctuations of
process vardabd esixtwhaiecH Itpys oteurmn nerapondiauodEvVmade wife opekhei on.' 20

2) The Lzlose ggl‘imgf nglegfig}uoagegsr%%%tc)?:riszed()fan%lfcehdt eine 12) to the

second reactor (R-2).

The effluent from the evaporator (EV-1}) is PTMEG
containing some residual methanol which may be removed
by vaporization under vacuum or by stripping with aid

10 c¢f an 1nert gas.

The advantages of the process object of this invention

are:

i5 1) The use in the reaction system of stages providing
retention time followed by high efficient distillation
trays assures the achievement cf high-cenversion within
the wide range of fluctuations of process variables,
‘which may occur in a continucus made of operation.

20
2) The use of two multistaged reactors oi which the
first one using as- stripping medium alkanol containing
some alkanol ester and the second one vapors of alkanol
almost free of alkanol ester, increases substantially

25 the =2fficiency of the continucus operation.

3} The ussz c¢f a tampon system consisting of 2 mirxture

Hhy

o phosphoric acid and sodium phosphate monobzsic
assures an efficient removal o¢f the alkaline catalyst

30 with ne risk of leaving residual acidity in :he



first one using as- stripping. medium al kanol containing some al kanof 8 APR 2004
ester and the second one vapors of al kanol alnost free of al kanol .ester.,

increase&Tﬁﬁgﬁhgntially 25 the efficiency of the continqqﬁﬁﬁggﬁ@ﬁgion. 3)
0% |

The use oOr a tanpon systemconsisting of a m xture of ph cid and
sodi um phosphat e nonobasi ¢ assures an efficient renoval of the al kaline
catalyst 30 with no risk of leaving residual acidity in the 9 2 0 APR 200
WO 01/ 30885 PCT/ EPO0O/ 10511 product. In fact, being the nonobasic salt of
phosphoric acid, <contrary to phosphoric acid, alnost insoluble in

met hanol and in PTMEG any excess of it fed to the 5 neutralization is
renmoved by fi%ération. EXAMPLE 1 A 50% by wei ght solution in nmethanol of
PTMEA wi t h PA% huhber average nol ecul ar wei ght of 1090 was prepared and

fed to a trapsegteri fjeiald oth&aPRBRALES i8I Riallar 40 pidihahownathdFI G 1.
Sodi um et hyl ate was added to the solution at a rate of 800 ppm based on
PTMEA. 15 Thenteaper atar e polostie ricactd@ifli n 2HRIST eakt Bl MRS k&Pt in the

range from 65C to 70C. resi ti of out ur royided the
first react®Ff "2BR aFﬁFﬁélg stages o%gﬁefgﬁggg% gﬁdq%' g?%?icfa?y%n trays.
A residencentipea0f zabouh 1shedmno?8dwes providedohn the 'second reactor

containing 2 stages of retention and 4 distillation trays.

EXAMPLE 1

A 50% by weight solution in methanol of PTMER with
10 number average molecular weight of 1090 was prepared
and Zfed ﬁo é transesterification apparatus similar to
that shown in FIG. 1.
Sodium methylate was added to the solution at a rate of
800 ppm based on PTMEA.
15 The temﬁerature of the reaction in each reactor was
* kept in the range from €5°C to 70°C.
L residence time of about 2 hours was provided the
first reactor, containing 3 stages of retention and .6
distillation trays. A residence time of about 1 hour
20 was provided in the ‘second rsactor containing 2 stages
of retention and 4 distillation trays.
The vépors of methanol and methylacetate leaving
overheads ths= first rsactor were processed 1into an
azeotropic column with 30 thsoretical trays recovering
25 at bottoms & stream of mathanol with about 100 ppm of
methylacetate recycled in ths procass, and separating
overheads a stream ci mathylacetate-methancl zzeotrcpe.
Vapor of fresh methanol {egquivalent to the amount

of methvl

-

o}

cetata-methanol azeotrope) and vapors of

30 methanol from the final vaperizer oif PTMEG were

10



The vapors of nethanol and nethyl acetate | eaving overheads the first?( APR 2004
reactor were processed into an azeotropic colum with 30 theoretical trays

recoveri ngfq/kssPot tons a stream of nmethanol with about /ﬂg)mlggn
met hyl acetate recycled in the process, and separating overheads a stream

of net hyl acet at e- net hanol azeotrope. Vapor of fresh nethanol (equivalent to
t he anobunt of nethyl acet at e- net hanol azeotrope) and vapors of 30 net hanol
fromthe -final vaporizer of PTMEG were 10 2 0 APR 2004 WD 01/ 30885
PCT/ EPOO/ 10511 used as stripping nediumat the second reactor. A m xture of
phosphoric acid and of sodi um phosphate nonobasic was added to the

effluent of the sgcond _reactaor. in equival ent . prqQpartion_to.sodi um
U 3 L.laé:._._.g.)l}{i; ma.%:g_%éi:auz'ftr%h bB\.OEu ?rg\,_%(}

nmet hylate of 5 ressepcecatlve y € reésal ting mxture was
processed i nf omaxenyst A i Zessphayidigazitetend i @0 bbaeual paheighad dours.
Followi ng the crystallizer, the mass was filtered to _renove the phosphate
salts. 10 THEHRRICEE tHe mBEREAol teontRE néd filvenRe PTI tered SVBHIct was

renoved in aﬂﬂeaeawpr%%%%uféggén@ Eflgygﬁpéi&pmi t%gg%ingg%rt%%ea t 100 Kg

of PTMEG having nunber average no ar” wei gh S produced. 15
| nfrar edsspeedswsecopr€ianal ysi sared 2 he PTMEG product  showed t hat

conversi on was conplete. Furthernore the PTMEG product was characterized by
an acid andbases FithbErd oPl OF WS Of2 KOMF Pt Tfd  Wit? to Ve sHalee F5Om ash,

sodium and phasphate [ONSition time of about 2 hours.

Following the crvstallizer, tnhne mass was filtered to
remove the phosphate salts.

10 The bulk o¢f th2 mnethancl centained in the filtered
product Qé;'rem0ved in an evaporaior.
After 2 days of continuous operation about 10C Kg of
PTMEG having number averags molecular weight cf 1000
was produced.

13 Infra:ed spectroscopic analysis of the PTMEG product
showad that conversicn was complete.

urthermors the 2?TMEG product wasz characterized by an

acid and base numbsr of 0 mg of KCH per gr, and to be

fres from ash, sodium and phosphate ions.



41 2 0 APR 2004 CLAIMS 1) A transesterification process for convertihgAPRMIN
a continuous node of operation, the diester of polytetranethylene ether
(PTMEA) to the corresponding polytetranethyl ene ether glycol (PTMEG using
two reactors in series and characterized by the following steps: a)

i ntroduci ng the feed conprising PTMEA and an effective amount of Cl1 to C4
al kanol plus_an alkali netal oxide, hydroxide or al koxide catalyst to the
first sta%’éawsthe first nultistaged reactor, said first nultistaged
reactor conprising a sequence of stages designed to provide adequate
retentionyiimen folbheues by s el il difeld | laddwrdimays; 4 a
recovering fromthe overheads of the first nultistaged reactor vapors of

al kanol and of cemelnuaiter Jrodf karftf fPRRIPRGIPVhe thihsest &R it9Tat itn; c)
delivering sallgoyya\f@glsdngth h kaRnol o @ngh- of (B0l ¢+ ESERES LOrAlsEEROtAPPI C
colum to separat’e overheads the azeotrope of al kanol ester and at bottons
al kanol vmd'; h apdwkeormmethydeng| kaidieest 1yced belPTHRES| edSEHIt hebwo
process; f eedi -he {_ st fi r: L tista Saclor
vapors of the g‘%‘%ﬁ%’{&s%gar% eldessatggtghgg%%%%g%ﬂ% dsam?%l g%o??%}o%c cogfurm
and vapors ?fstrqmanol fromthe second nmultistaged reactor, to sweep the
maj or part of the alkanol ester fornmed b transesterifi I,on 1n;t first
mul ti staged red tor?‘n‘éﬁoélécelﬁgng tHe I?aﬁlxd ecfofnipﬁelrslflg?romt 2 aé{s s'?%be of

effective amount of C, to €, alkancl plus an alkali
metal oxide, hydroxide or alkoxide catalyst to the
first stage of the first multistaged reactor, said
first multistaged reactor comprising a seguence of
stages designed to provide adequate retention time
followed by a high efficient distillation trays;

b) recovering from the overheads of the first
multistaged reactor vapors of alkanol and of the
ester of alkanol formed in the transesterification;

<) delivering said vapors of alkanol and of alkanol
esters to an azeotropic column to separate overheads

the azeotrope of alkancl ester and at bottoms

alkanol with a low content of alkanol ester, to be
recycled to the process;

d) feeding to the 1last stage of the first
multistaged reactor vapors of the alkanocl separated
at the bottoms of said azeotropic column and vapors
of methanol from the second multistaged reactor, to
sweep the major part of the alkanol ester formed by
transesterification in the first multistaged reactor;

e) feeding the liquid effluent from the last stage of
the first multistaged reactor to the first stage of
the second multistaged reactor, said second
multistaged reactor comprising a seguence of stages
designed to assure adeqguate retention time, in

combination with high efficient distillation trays;

12



s
the first nultistaged reactor to the first stage of the second nul t7 B#PR&N;
reactor, said second nultistaged reactor conprising a sequence of stages
designed to assure adequate retention time, in conbination with high
efficient distillation trays; 12 2 0 APR 2004 f) recovering fromthe

over heads of the second nultistaged reactor vapors of al kanol with

resi dual anmpount of al kanol ester to be transferred to the |ast stage of

the first nulgjstagedov£ALiPr; redmf e@dieng dedthandast ost agaeof ddwersecond
mul tistaged reactor vapors of fresh al kanol and vapors of al kanol

recovery fromthe efmilukshadacbm rRactpranseaReFsfi caf i omrlikprnml evapdiati on

followng the neutralization step. . h) din e liguid effluent of the
| ast stage of the Iéee’sé(l)éaa%ul t7S gaéd rggct oglggﬁlggturgggfe% ph(gsophotrbiec acid
and of sodi um phosphakgsferekasi ot oceutIaktzesthgebasifc oaial ysirstwhere
the phosphoric acid is in equivalent proportion to the basic catalyst of
3 to from2.6 to 3.WulpieiageshipacsPra to 3, and where the sodi um phosphate

monobasi ¢ i S N equly@LeNt. Proporiign Loadhe,basie caLahyStulefsdaden from
1.0t 4.0, pre#grab#y %fr% t_fo 2; 1) %e]edi?lég the neutralizati%n eEf;fI%ent to
a crystallizer; )rémadimgrageescrfstiakbhzeikaidl waem vapoasf pEt rakamnl

unit; k) feeding the effluent fromthe filtrati to an evaporator_to
renove vapors of al kK&Ffi®Whi ch TFE® the e?21uent trom the

transesterification in an evaporation following the
neutralization step;

h) adding to the liguid effluent of the last stage
of the second multistaged reactor a mixture of
phosphoric acid and of sodium phosphate monobasic
teoc neutralize the  basic catalyst, where the
phosphoric acid is in equivalent proportion to the
basic catalyst of 3 to from 2.6 to 3.4, preferably
of 3 to 3, and where the sodium phosphate monobasic
is in equivalent proportion to the basic catalyst

of 2 to from 1.0 t 4.0, preferably of 2 to 2;

i) feeding the neutralization effluent to a crystallizer;

3) feeding the crystallizer effluent to a filtration
unit;

k) feeding the effluent from the filtration to an

evaporator to remove vapors of alkanol which are
fed to the last stage of the second multistaged
reactor as per point g) above;

said two reactors 1n series operating at nearly

atmospheric pressure and at a temperature close to the boiling

point of the alkanol.

2. A process of <claim 1 where the global retention

time in the first multistaged reactor is of from 1.0 to 4 hours,

13



fed to the |ast stage of the second nultistaged reactor as per poing JdPR 200
above; said two reactors in series operating at nearly atnospheric
pressure and at a tenperature close to the boiling point of the al kanol.

2. A process of claim1 where the global retention time in the first

mul tistaged reactor is of from1.0 to 4 hours, 13 20APR2004 preferably

about ZPfg)ggrsab@ Docessuet.claim 1l where the global retention tinme in
the second nultistaged reactor is of from0.5 to 3 hours, preferably
about 1.0 hour. 4. A process of preceding clainms where said al kanol is
met hanol. 5. A process of preceding clains where said catal yst i s sodium
met hoxide. 62 prpreresef ofladmilnihesgbthf) ghhlrt FaeephbpHerie Hritde is

PP IOSRaR | RS Yia ol 4 RIOTRUR! 8. 6008 30hGutS, SLAAEasly the

about 1.0 hour.

4. A process of preceding claims where said alkanol 1is

methanol.

5. A process of preceding c¢laims where said catalyst is sodium

methoxide.

6. A process of claim 1 sub. h) where the phosphoric acid
is orthophosphoric acid and the sodium phosphate monobasic is

either of the monohydrate or of the dihydrate form.
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