V WO 01/ 30885 PCTI EPOO 10511 CONTI NVOLTS PROCESS FOR CONVERTI NG
POLYTETRAMETHYLENE ETHER 1)1 ESTER TO POLYTETRAMETHYLENE ETHER. GLYCOL.
BACKGROUND OF THE | NVENTI ON Pol y(tetranet hyl ene ether) glycol (E TMEG is
produced popsdsysreri zi ng tetrahydrofuran (THF) in presehCRERPAGHIT 5 -
anhydride, typically acetic anhydride (ACAN), to formthe diacetate 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, 10 the acetate end groups are renoved by subnmtting '
PTMEA to transesterification with an alcohoal, usual I ¥ met hanol, in
presence of SHNH%EW%PE*QF%?%@RMWJNF an CHEFBE | s

conpl et e, thgrakkabiserer doabyStTR b @revEaNDETEaC diigolhe catalyst with
an 15 acid formng a salt which is renoved by filtration. The technol ogy
of transesterification is well known and described in the technical

literature, agchkeiohis Nads rvisRridy - 2499725 Journal of Ameri cal
Soci ety Vol .=707pg- 1842 —and TN & 0Oygi ngs "Unit processes in organic 20

synthesis" pg. 710-715. Since the presence of PTMEA in the PTMEG product,
Cevel of conteFerBRC atshylRhs ERhEET BavBel” TEMRRE, (R R-EOEST Y (ne
transesteri f bgapbbyme2iz iAgotheraicydid fualanf ACED) of frendsenget be gual ity of
the prodyct g bhe.r eagnig, ' AKRULMLLNAL AL FREAY Lo sbhie product.
the diacetate of the polymerized tetrahydrofuran
(PTMEA), which must be converted to the corresponding
dihydroxy product (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 the transesterification is complete, the alkaline
catalyst is removed by reacting the catalyst with an
15 acid forming a salt which is removed by filtration.
The technology of transesterification is well known and
described in the technical literature, as for instance
in US Pat. 2499725, Journal of Americal Society Vol. 70
pg. 1842, and in Groggings “Unit processes in ozxganic
20 synthesis” pg. 710-715.
Since the presence of PITMEA in the PTMEG product, even
in small amount, is not desirable in urethane
applications, high level of conversion, typically above
$9,98%, is to be achieved in the transesterification.
25 Another critical factor affecting the guality of the
product is the presence of alkalinity or of acidity in

the product.
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CWRWON COPY WO 01/ 30885 PCT/ EP40i 30511 The operation in batch of the
transest er ivbp oidogsan and of the neutralization permts adigasediosg control
of the performances in order to assure the production of PTMEG neeting
the critical standards of quality. 5 The operation in batch, however,
requires high and discontinuous consunptions of steam bigger equipnent,

i ncreased manpower. A continuous node of operation is by all neans
desirable, but, conpared to the batch node,' has a | ower 10 degree of
flexibility and consequentl,y ha hi.gher  risk of yielding off spec PTMEG
Consequent |y 11 t iR®T 'ﬁﬁnlﬁfbE%ESnPFnﬁgﬁstrFP§ﬁ§E§¥'FFFF&g?iBHdsysten1

speci al provi§f onse haVR rhDi 228 dnakehni ©s a5 PY=e - ghcd M)l of prefor mances
within 15 the wi de range of operating conditions encountered in the

practice of |PRESYIMAAICEH| AMtFASUER SHBETITHSr BYPSREHL O InEEMBPpear enough
defined in t@gé{gfﬁngggscg{@icgﬂﬂS@ghgg£§§5§9qulf [T describes a process of

reactive 20 distillation where the feed to the alkanolysis, consisting of
PTMEA, an &l kBhel opsdaghorl Ral ivEcheatkdyester, s feqhitrest Heidtopas@ction of a

distillation df?é&(‘!‘in%h'seﬁg%fn‘(pac&%‘}é ?ff %‘:E%’Rggb%geeaz{ N Ji@nkRE, bottom of

the columm to sweep ‘any al kanol "ester forne ofysi's of PTMEA
In the above ieoteasesdmpapewer DU PONT states that the processes descri bed
in his previogs US Pat 4230893 and. US Pa .4.584.4%& fail to assure such
hi continuous mwode of Dperation 1s y all means
igh |l evel of
desirable, but, compared to the batch mode, has a lower
10 degree of flexibility and conseguently has z higher
risk of yielding off spec PTMZG.
Conseguently in the design of a continuous
transesterification system special provisions have to
be taken tc assure high level of performances within
15 the wide range of operating conditions encouniered in
the practice of industrial plants.
Such special provisions do not appear enough defined in
the previcus art.
In WC 97723559 LU PONT describes a process of reactive
20 cdistillaticn where the £eed <o the alkanclysis,
consisting of PTMEA, an alkanol ana an alkaline
catalyst is fed to the top sectiorn of a distillation

colurn while hot vwvapors of alkanol are fed to the

bottcm of the column to sweep any alkancl ester formed

N
L

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 tc assure such high level of
performances as reguired in a process operating in a

30 continuous mode oI operation.
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performances as required in a process operating in a 30 continuous node of
oper at i oWo gh30868 01/ 30885 PCTI EPOO/ 10511 However, the mimadressfs i N WO

97/ 23559 that the alcoholysis by reactive distillation my be perforned

by means of any of the distillation nethods and equi pnment as generally
known and practiced in the art, 5 including conventional tray distillation
colums, does not appears to provide by all neans satisfactory results.
In fact inconpl ete conversions have been achi eved when perform ng

al coholysis in a conventional colum with nultiple trays, in case the

gl obal 10 Ferewtfon there DFatSmeErfti qdrd Wé’ag@ﬂt’§3gﬁ9t héheébl ukheis fairly

low for ia3taRseydRo%) hagadiale alLdiauiactsn chepr by desepithed in G ogging

"Unit processes in organic synthesis" che 127 the correct design of a
cont i nuousbiul re¢aRRge st r anFeselr iticadisghitéatior I®thedsi r esdt he know edge

not only OE\%}%ngﬂé#@ré?fﬁ’&?eqaﬁiy QH&@L%&{ ﬁ;rJ&%cleﬂvﬁnO%Rgag?taCti on and of

ki netics, determ ne e’ spee e reaction, retention tine
necessasy, iandudomsecprerantionhé &ppy odtstiltlrtegmi ldoBumom i doeach s=age. 20
In case of _i nadeqguate retenti on.éei t he.reaction does ]gg% evolve to

equi | i bri uRP an@PYHE herFor RRACEES diF eP s uBStant i 1V IAF6/Y he val ues
predi ct abl eebyltbe nonverti ohatomEtidteds cohvdirsiond athage. Bbent t he

neutrali zaftai on, th_e‘ éevi ous ar.t dogs R%ZSS iof fer fl{rl I Xigggisf actory

sol utions AT FEVET BN P EBHPPnadER of Tofer N VEN.

column with multiple trays, 1in case 'the global

10 retention time of the liquid resagents in the column is
fairly low, for instance less than half an hour.

As clearly described in Grogging "“Unit processes 1in
organic synthesis” chapt. 12, the 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, the
retention time necessary, and consequently the approach
to equilibrium in each stage.

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

Atout the neutralization, the previous art does not

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

US Pat 4.4560 796 describes a process whers the alkaline
catalyst is removed by reacting with orthophosphoric
acid in the equivalence ratio of from 1.5 to 2.5 : 3.

30 The salt formed is subsequently separated from PTMEG by

(93]



US Pat 4.460 796 describes a process where the alkaline catalyst is
renmoved by reacting with orthophosphoric acid in the eq)ui val ence rati o of
from1.5 t 3"@01B08853 30 The salt forned is subsequent |y §56:§P“Z]tﬂﬁla from
PTMEG by 3 WO 01/30885 PCT/ EPOO 10511 filtration. The process appears in
principle adequate in case the neutralization is perfornmed batchw se, but
is not free of risks in a continuo-.zs node of operation, where it 5 may
result not easy to control the addition of reagent acid within the
specified range of equivalents, in consideration of the fluctuations which
occur in the sindustydl practice. In case of abnormal operation the PTMEG
product wll be 10 contam nated either by an abnormal content of alkali or
by an excess &heafraceBESTRLHSONTOPFFRELPARERATINTES it Ga$<oB&éct of this
invention a trapnses ffddichalisoBerPSAGRE S ARMPRLE, LLPIAdULR, Qleed

conti nuous rmode of ~operation, PTM/-G free of PTMEA, neutral and free of

i norgani ¢ sal p§. rRENEALW & deaténddpar hpge acpobyewat iwing h Witiea€etidt e end 20

groups obt ai ned by . J Zl = ]ereLquu ;0 i g . The
conver si on?of mﬁﬁ‘NEig?%%/%EZGJal%g Pgdgb’gg/?%ata“yﬁdgg ?%rgnges e%%ilycati on of
PTMEA usi ng aa€idt owithial kemol speprefest abbygerethiarmjuivasentansest eri fying
e AN A ZealhEhhe T e R OB Qg RE LA dg, Riglerably

industrial practice.
In case of abncrmal speration the PTMEG product will be
10 centaminated either by an abnormal content of alkali or

by an excess cf acid.

DESCRIPTION OF THE INVENTION

15 It is object of this invention a transesterification
process capable to prcduce, ©on a continuous mode of
operation, PIMZG free of PTMEA, neutral and free of
inorganic salts.

PTMEA will be ordinarily a polymer with diacetate end

20 groups obtained by polymerizing THF in a medium
containing ACAN.

The conversion of PTMEA to PTMEG is made by catalytic
transesterification of PTMEA using & C; to C4 alkanol,
preferably methanol, as transesterifying agent and an

25 alkali methal oxide, hydroxide or methoxide, preferably
sodium methylate, as cazalyst.

Typically the feed to the transesterification comprises
PTMEA from 40 to 560% by wt, alkanol (i.e.: methanol)
Zrom 60 tc 40% by wt, cztalyst {(i.e.: sodium methylate)

30 from 500 tc 1000 ppm bazed on PTMEA.



Typically the feed to the transesterification conprises PTMEA from40 to
60% by wwomhbsmol (i.e.: nmethanol) =nom 60 to 40% bypawxpros/sdsed yst (i.e.:
sodium nmethylate) 30 from 500 tc 1000 ppm based on ?TMEA. 4 WO 01/ 30885
PCT/ EPOO/ 10511 In the process of this invention the transesterification
is performed in two reactors in series operating at nearly atnospheric
pressure and at a tenperature close to the boiling point of the 5

al kanol , characterized by the follow ng steps: a) introducing the feed to

the first stage qf the ngggs nul tistaged,reactor, The first.reactor
conprises a sequence of stages 10 desi gneé to provi e’ adequa ‘e retention

time fol |l onethriyestarhf gbatefdn cientpedifstrmed atinontvo a)t@acfhESglmbal
retention tinme in the grst react ref erabl 'y
about 2 holt¥ o5 BFTFEEEYEPT ngS T m%memgvgfh%aases?uﬁ%earﬁ react or
vapors of a ka:nﬁdpea‘laduﬁé tdosast o othal kegidlingor gedntn of he:he

transesterifjcation ; del i ver ng ars of al kanol and of al kanol
20 esterd t%“%ﬁ{’oaIZeSf‘FB FeeT Bﬁ ‘g%]r]éféngvérﬁgﬁds the azeotrope of

al kanol ester and at bottons al kanol with a |l ow content of al kanol ester,
to be recycled to the process; -feeding to the | ast stage of the f|rst

reactor 252Vapdi$refufied al"—R%n(’;Iee§eﬁ7% athel &trtheshbefeord of*said

azeotropi ¢ gpliim,ARd s¥apes Srfct@et hanol fromthe second reactor, to sweep
the major part of the al kanol
The first reactor comprises =z sequencg of stages

10 designed to provide adequate retention time followed by
a nigh efficient distillation trays. The global
retention time in the first reactcr is from 1.0 to 4

hours, preferably about 2 hours.

15 b) recovering from the overheads of the first reactor
vapors of alkanol and of the ester of alkanol formed in

the transesterification ;

c) delivering said vapors of alkanol and of alkanol
20 esters to an azeotropic column to separate overheads
the azeotrope of alkanol ester and at bottoms alkanol
with a low content of alkanol ester, to be recycled to

the process;

Hh

a) feeding to the last stage of the first reactor
25 vapors of the alkanol separated at the bottoms of said
azeotrcopic column and vapors of methanol from <the

second reactor, toc sweep the major part o

I

the alkanol
ester formed by transesterification in the first

reactor;



ester fornmed by transesterification in the first reactor; 30 5 Wc)

01/ 30885 PCR@?E%B%%OSll e) feeding the liquid effluent fromthe | ast stage
of the fir reactor to the first stage of the second MRaTEPSY Mg
reactor. The second reactor conprises a sequence of stages 5 designed to
assure adequate retention tinme, in conbination with high efficient
distillation trays. The global retention tine in the second reactor is of
from 0.5 to 3 hours, preferably about 1.0 hour. 10 f) recovering fromthe
over heads of the second reactor vapors of al kanol w th residual anount of

al kancl ester d0 be&ekaansfeid edcuod tder Juret stagecrd lashesthgstofeactcr. 15
g) feeding to the | ast st age of the second reactcr vapors of fresh al kancl

and vapors of Ql%aholSh eCHEYF ¥ oSt he % f |F@9E fAforhthe Second

transesterifiG@hjggth@eanregwaﬂpratlon followi ng the neutralization step.
20 h) adding to the liquid effluent of the last stage of the second
reactor a m xtthe GPCPABsIFRHGEET aciFPaRESdf 2 sGarLfR ghoSphaseag®nobasi c to

neutral ize § hesdasiied Calal Yomsurthergellig: PhosRhokd ©:a01 s 1 nypqui val ent
proportion to the ‘basic catal yst of from2.6 to 25 3.4, oreferably of

3 to 3, and whesoinkéigadiumh Wspﬁé%@%n@lbaﬂblafslq n*equsvaﬂe&nt
proportion to §18ba0q8hEnC AR ¥ile Qb 2nbOsELOB L kB,4:0Q BEEESLADIY of 2

0.5 to 3 hours, preferably about 1.2 hour.

10 f) recovering from the coverheads of the second
reactor vapors o©f alkanol with residual amountc of
alkancl ester to be transferred to the last stage of

the first reactcer.

15 g) feeding to the last stage of the second reacter
vapors of fresh alkancl and vapors of alkanol recovery
from the effluent from the transesterificaticen in an

evaporation following the neutralization step.

20 h) adding to the liquid effluent of the last stage of
the second reactor a mixture cof rhosphoric acid and of
sodium phosphate monobasic 1o neuzralize the basic
catalysz, where the phosphoric acid is in eguivalent
proportion to the tasic catalyst of 3 to from 2.6 to

25 3.4, vopreferably of 3 to 3, and where the scdium
rhosphate mcnobasic is in equivalent proportion to *he
basic catalyst ¢f 2 to from 1.0 to 4.0 preferably of 2
to 2.

30 i) feeding the neutralization effluent to a



30 i) feeding the neutralization effluent
PCT/ EPOO/

filtration unit.
evaporator to renove vapors of al kanol
the second reactor as per point Q)

whi
above.

toa 6 W 01130885

wdethbsssCr ystal lizer. j) feeding the crystalli 3’?@}%{0}1@#” to a

5 k) feeding the effluent fromthe fi

to an
ch are fed to the |ast stage of
10 The enbodi nents of this

i nvention are schematically

traces of ACAN, ACCH and of non

stream of recovered nethano

represented in Fig. 1. TMEA containing only
15 converted THE is mxed (line 1) with a
wi th reduced net hyl acetate content (line 2)

and with a styssahldzerransesterification
of sodium nethylate dissolved in nethanol
(l'ine 4) the upper stage of the first

react or

catal yst,
(line 3).
(R1).

preferably consisting
20 The m xture enters
In the first reactor

(R-1) PTMEAI)N s Medeing tbactrywstallipstrha{dllueor ntaga PTMEG anton

met hyl acet at e.

In order to
un . ..
sequence 25 0f 'stages conprising stages of

N favour the conversion the m xture fl ows

in a

retention followed by high

efficient distillation trays.

Vapors of nethanol

fromthe second reactor

(R2) (-ine
bottons of

10

15

20

25

(0) Andtromyhe pahoiler (B 1), (1ine 10} are ded,
er .
evaporator 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 RACAN, ACOH and of non

converted THF is mixed {line 1) with a stream of

recovered methanol with reduced methylacetate content

(lire 2) and with a stream of <transesterification

catalyst, preferably consisting of sodium methylate

dissolved in methanol {(line 3).

enters (line 4)

(R-1).

The mixture the upper stags of the

first reactor

In the first reactor {(R~-1) PTMEA is made to react with

methanol forming PTMEG and methylacetate. In order to

favour the conversion the mixture flows in a seguence

of stages comprising stages of retention followed by
high efficient distillation trays.
Japors oI methanol

9

second reactor

(B-1)

(R-2) ({line

and from the zrebciler (1ine 10} are fed at the

bottoms of the reactor.

Said vapors remove the methylacetate formed iIn the

at the
n



30 Said vapors renove the nethylacetate forned in the 7 WO 01/30885

PCT/ EPOQ 1 ctor, yielding overhead vapors consi st of a mxture
of net hanol %&B%?hyl acetate, which is conveyed (line g’flil&gwgﬂﬂézeot rooi c
colum (T-1). The azeotropic colum (T-1) separates overheads a 5

met hyl acet at e- met hanol azeotrope, which is disposed for further
reprocessing (line 7) and at bottons a stream of nethanol with reduced

nmet hyl acetate content (line 6) which is recycled partly to the feed (line
2) and partly to the reboiler of the first reactor (line 8). 10 A
conversion cf TRACYSESs YhAHIO, PE¥eER¢A®YE@PeRSt heonFistdngreaét o2. The

conversion 1 Ardfier 9" akeaboy { Nondeconthy eachor, (Rifley where the

effluent fromthe first reactor (line 11 |s subj ected to stripping with
hot 15 met hanotonvegyeds (LEnaed)lZxp ahn%%@otfn@ecotommydiadét ate In the

se_cond react or.ﬁgg 2) etotggogfgnvec_rosh@ ép;l v%rgpggﬁggl %Q,\% ?Qovg 99. 990,

whi ch grants t equalty t he oduc ution frcmthe
second react orme(ﬂhyi@cks)aj:e—ﬂ@:rfalnew & veqardpe(| | mhecki4z)s t:b.stploeedeﬂdbr alizer

preparation vessel wi_t h sphoric acid (line 22)
and sodi um phosph tg'l ¢ ﬁ@erg)rgﬁﬁgl P79 ﬁr’ré’ezs‘) aﬁeg’t E&Pi“ie? r'ﬁ%?%‘?e (l'ine
16) and the bubk mteftkE'ENEGdlsmlnﬁduﬁéd(ﬁ\ekﬂQ/lla&)etEl:QV\tcBr&@tCr(yshal tj zer (CR-1)
where 25 the saJts forned 62%he ne trallzatlon are made to grow to a

filtrable size’M4He &Fysrteglylcl p@f‘ft Yier? ($hef%9%) ‘HH-B&s 2'hrdtgh a

partly to the reboiler of the first reactor (lire 8).
10 A conversion c¢f no: less than 99% is achieved n the
first reactor.
The conversion 1is further improved in the s=ccnd
reactcr (R-2); where the effluent from the first
reactor (line 11) Is subjected to stripping with hot
I£ methanol vapors (line 12) almost free of methylacetaze.
In the second reactor (R-2) the conversion is driven to
vaiues of above 32.99%, which grants the quality of the
?TMEG product.
The PTMEG sclution frem the second reactor (line 13),
20 Zlcw in part (line 14) to the neutralizer preparation
vessel (D-1), where is mixed with phosghoric acid {line
22) and sodium phosphate moncbasic (line 23).
The neutralizer mixture (line 16) and the bulk of PTMEG
solution (line 15) flow %to a crystallizer (CR-1) where
25 the salts formed in the neutralization are made to grow
to a filtrable size.
The crystallizer effluernt (line 17) flows through a
filter (FL~1) which separates the salts (line 21).
The filtered PTMEG solution (line 1218) is mixed with

30 fresh methancl {line 1%), the latter at a rate



filter (FL-1) which separates the salts (line 21) The filtered PTMEG

sol -, | i orw@bi3oess18) is nmixed with 30 fresh nethanol (k’{:ﬁ/ﬁrél)msut he latter

at arate 8 WO 01/30885 PCT/ EPOQ 10511 equivalent to e anount of

met hanol 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

sonme residual .nmethapol which may be renoved y vaporizatiqn under vacuum
or by stripgi#hg3*ePth &°d t'hfoa XQE i°ferte’ §§‘99Tﬁ§a§g$anf%ﬁgefgor8‘f t he process
obj ect of thtsyilavenhtOnorapeesdidt 13s Thachseani rheheveeaetiden oFyst em of
stages providin retention tinme_followed by high efficient distillation
trays assurgg ta%éoééﬁ?é%e?fgﬁ’f““cfmﬁ?bh conversion within the w de range of
fluctuati onsaiQf M068%S Makisallcesan MULIratRY OGEUN )i RhdreORtHenuous made of
operaticn. 20 2) The use of two nultistaged reactors of which the first
one usi g a¥ik [fpgiergereti tin WReHIGEIc R A nfl ird R Jalteari®® est er and

the second anenparenstof glkagnel alnost free of al kanol ester, increases
substantially 25 the effici enc¥‘ of the continuous operation. 3) The use of
a tampon syBtemeddRsesti nfFdt &hRi xBURROrafophdEPhdt i ciaciBIMESd sodi um

phosphat e rE%H%%%ﬂfﬁg some residual methanol which may be removed
by vaporization under vacuum or by stripping with aid

16 of an inert gas.

The advantages of the process object of this invention

are.

15 1) The use in the reaction system of stages providing
retention time followed by high efficient distillation
trays assures the achievement cf high conversion within
the wide range of fluctuations c¢f process variables,
which may occur in a continuous made of operaticn.

20
2) The use of two multistaged reactors of which <the
first one using as stripping medium alkanol containing
some alkanol ester and the second cne vapors of alkancl
almost free o0f alkanol ester, increases substantially

25 the efficiency of the continuous operation.

3 The use of a tampon system consisting of a mixture
of phosphoric acid and sodium phosphate monobasic
assures an efficient removal of the alkaline catalyst

30 with no risk of 1leaving residual acidity in the



assures an efficient renoval of the al kaline catalyst 30 with no risk of

| eavi ng reslv%#@s 8%1‘? dity in the 9 WO 01/30885 PCT! EPO4l 1051 | product. In
fact, being't 15nobasi ¢ salt of phosphoric acid, coREF/EPIp/I1
phosphoric acid, alnost insoluble in nmethanol and in PTMEG any excess of
it fed to the 5 neutralization is rencved by filtration. EXAMPLE 1 A 50%
by wei ght solution in nethanol of PTMEA with 10 nunber average nol ecul ar
wei ght of 10:0 was prepared and fed to a transesterificaticn apparatus
simlar to that shown in FIG 1. Sodium nethylate was added to the

sol :~-tion at pxddrlce.of 800 ppm based on PTMEA. 15 The tenperature of the
reaction in each reactor was kept in the range from65C to 70C. A

resi dence ti metoff3EBoutte2PHotPe HARCRADVA Rl tt E AhiosakRc¥eace®kd: cont ai ni ng
3 stages of rel@ptden apd Gondliglorlikat bRt raysnodh I eakdensee tifp of about
1 hour 20 was providéd in t%e second reactor containing 2 stages of
retention and RRtESCK| 1280 o tTRES, T veperss off méthdrdl tw@ndthe

met hyl acet at e | £3vi.Rg ag & headsnthe fﬂyfsftilrc?Q-E{é)r(. were processed into an
azeotropi c colum vvitﬁ t heoretical trays recovering 25 at bottons a
stream of nethanol wi th about 100 ppm of nethylacetate recycled in the
process, and separating overheads A of net hyl acet at e- net hanol
azeotrope. Vapor of fresh nmethanol Tegtrvele-t to the anount

A 50% by weight soclution in methanol of PTMEA with
10 number average mclecular weight of 1080 was prepared
and fed to a transssterificzticn apparatus similar to
that shown in FIG. 1.
Sodium methylate was added to the solution at a rate of
80C ppm based on PTMEA.
15 The <temperature of the reaction in each reactor was
kept in the range from 65°C to 70°C.
A residence time of about 2 hours was provided the
first reactor, containing 3 staces of retention and 6
distillation *“rays. A residence =ime of about 1 hour
20 was provided in the second reactcr containing 2 stages
cf retention and 4 distillation trays.
The vapors of methanol and methylacetate leaving
overheads the £irst reactor were processed into zn
azeotropic column with 30 thezoretical trays recovering
25 at bottoms a stream of methanol with about 100 ppm of
methylacetate recycied in the process, and separating
overheads a stream of methylacetate-methanol azeotrope.
Vapor of fresh methanol (equivalenc tc the amount
cf methylacetate-methancl azeotrope) and vapors of

30 methanol Zrom the final vaporizer of PTMEG were

10



cf nmet hyl acet at e- net hanol azeotrope) and vapors of 30 methanol fromthe
final va I of PTMEG were 10 WO 01/ 30885 PCT/ EP sed as
strippi ngq{n% %?n at the second reactor. A m xture of %%Q%Eq%q sgi acid and of
sodi um phosphat e nonobasic was added to the effluent of the second

reactor in equivalent proportion to sodiumnethylate of 5 respectively 3 :
3 and 2 : 2. The resulting m xture was processed into a crystallizer

having a retention time of about 2 hours. Follow ng the crystallizer, the
mass was filtered to renove the phosphate salts. 10 The bul k of the

met hanol cont ai neddi as tdter ifoplihermeldiyn educhewascomimmesdtiomr.an evapor at or .
After 2 days of tcontl %I’a'%l Qn %bourt 100 K of FETI\/E havi ng nunber
aver age mol el 5 g'n‘»u‘ntpocfS GOC ge praoﬁluced S Sectroscopl c
anal ysi s OfmdrhxhaBINEGlam‘ odddéd slowele t rea"rfluenvercsﬁ Oﬂhma$armmpll ete.

Furt hernore the PTIVEG rod ct was charact cid a d base nunber

ri

of 0 ny of H&&9-Pér lﬁre 2 tbgro??’étél?r}etrﬂ as lu}éd&?‘iﬂﬁ Sfosphat e i ons.
11 WO 01y 30885 RETHEPEE 10531%:1&36& M. | 1111111 MIIT 1111 III Il HMs 1) A
transesterification gr ocess for converting, conti nuous node of

oper ation, Yie igsast Pgd”"td’cﬂeyf"@tsraﬁ%ﬁﬁﬁeéjné“éf’hérC’(ﬁ*hﬁ?ﬁb“te& t he

correspondifing a retention time of about 2 hours.

Following the crystallizer, the mass was filtered to
remove The phosphate salts.

10 The bulk of the methanol contained in the filterad
product was removed in an evaporator.
After 2 days of continuous operation about 100 Kg of
PTMEG having number average molecular weight of 1000
was produced.

15 Infrared spectroscopic analysis of the PTMEG product
showed theat conversion was complete.
Furthermore the PTMEG product was characterized by an
acid and base number of 0 mg of KOH per gr, and to be

free from ash, sodium and phosphate ions.
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pol yt etranet hyl ene et her glycol (PTMEG using two 5 reactors in series and
characterized by the following steps: a) introducing the feed conprising
PTMEA and aﬁ'ooé’g‘f“éscti ve amount of C to C4 al kanol plus BRIUVBROUAMSHE et al
oxi de, hydroxi de or al koxide catalyst to the 10 first stage of the first
mul ti staged reactor, said first reactor conprising a sequence of stages
designed to provide adequate retention tine followed by a high efficient
distillation trays. b) recovering fromthe overheads of the first reactor

15 vapors of al kanol and of the ester of al kanolcuﬂmnmﬂl"
transesterifi¢gairmg. c) delivering said vapors ”gmi m’ al kanol
esters to an &zeotropic columm to separate overheads the" azeotrope of

al kanol ester and at bottons al kanol 20 with a | ow content of al kanol

ester, to be rgcychedrafdcdieipiesessh fhockesding dvieReshgstestage of the
first reactor vapors of the al kanol separated at the bottons of said

azeotropi c colagntianduyap@osieof et h@ReFatiwm 25thee FE68 reator, to
the firat redstarerzfhe e R e et Y CSr L RE I Eat” stage of |
12 WO 01/ 30885 RGTteEPOD: OB kel | kkhek| VElydod | | \WTMEG) | | héinde 4 st react or
to the first stage9f 40 88¢00%anduLALPIA%GY LE3E] OkneSFhd1 85600 d react or
conprising a
steps:
a) inzroducing the feed comprising PTMEA and an
effective amount of C. to C; alkanocl plus an alkali
metal oxide, hydroxide or alkoxide catalyst to the
10 first stage of the first multistaged reactor, said
first reactor comprising a sequence of stages
designed to provide adequate retention time followed
by a high efficient distillation trays.
b) recovering from the overheads of the first reactor
15 vapors of alkanocl and of the ester of alkanol fcrmed
in the transesterification.
c) delivering said vapors of alkanol and of alkanol
esters to an azeotropic column to separate overheads
the azeotrope of alkanol ester and at bottoms alkanol
20 with a low content of alkanol ester, to bs recycled
to the process.
d) feeding tc the last stage of the first reactor
vapors of the alkanol separated at the bottoms cf
said azeotropic ceolumn and vapors of methanol from
25 the second reactor, to sweep the major part o the
alkanol ester formed by <transesterification in the
first reactor.

e) feeding the liquid effluent from the last stage of

12



sequence of stages designed to assure adequate retention time, in

conbi naty,@pbkdsh high efficient 5 distillation trayspcfredoggayering from
t he overheads of the second reactor vapors of al kanol with residual anount

of al kanol ester to be tra”ﬂlﬂlﬂﬁmllg E“Iast stage of the first
reactor. 10 g) feeding to the ; laief [0f t he second reactor vapors of
fresh al kanol and vapors of al kanol recovery fromthe effluent fromthe

transesterification in an evaporation following the neutralization step.
15 h) adding to the liquid effluent of,the |ast stage of__the, second
reactor a m Xtr&*oit pﬂ%%cptl%ritco a@fed %’h‘élshC o?t%%edi%mg%h%sﬁﬁ%?%d nonobasic to
neutralize the dasiagedcatatyst, ssher eetbed phespharicempeidinhg & n equi val ent
proportion to the basic catal gst of 3 to from2.6 to 20 3.4 greferably of
3 to 3, and WHFIhe FodiSTAFCHhopHIEhoishadseurs i AIEGERVRAI ent

proportion tperddie RASE mLat gh YebmOinZt fch fwOfh 1nOgh Ocfsciept ef erably of 2
to 2. i) feeding the neutralization effluent to a 25 crystallizer. feeding
the cry8tal | fEerikfFqig@ntreySa filtration unit. k) feeding the effluent

fromthe fight Lati @y iy 33 onC¥RROLAE Phedds MR \W2RBAE @kaatkanol which are
fed 30 to the |ast st'age of the second reactor as per point 13 WO
01/ 30885 PCT?Ep@@ilgglplkanol with residual amount of alkanol

ester to be transferred to the 1last stage of the

first reactor.

10 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.

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

20 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 to 4.0,
preferably of 2 to 2.

i) feeding the neutralization effluent to a

25 crystallizer,

1) feeding the crystallizer effluent to a filtration
unit.

k) feeding the eifluent from the filtration to an
evapcrator to remove vapors of alkancl which are fed

30 to the last stage of the second reactor as per point



g) above. | I111lt 111111111212121121111111 2. A process of claim1l where the
gl obal retention tine in the first reactor is of from1l.0 to 4 hours, 5
preferably BOMP85 hours. 3. A process of claim1l where PEEERfloaesal
retention tinme in the second reactor is of from0.5 to 3 hours,

preferably about 1.0 hour. 10 4. A process of preceding clains where said
al kanol is nethanol. 5. A process of preceding clains where said catal yst

15 i s sodi um net hoxi de. 6. A process of claim1l sub.
phosphoric acid is orthoahesphoric acid and the so “ gﬁﬁ ”u“
monobasi ¢ is eitderpvetel he nonohydrate or of sor m 14

2. A process of claim 1 where the global retention
time in the first reactor is of from 1.0 to 4 hours,

5 preferably about 2 hours.

3. A process cf claim 1 where the globzl retention
time in the second reactor is of from 0.5 to 3 hours,
preferably about 1.0 hour.

10
g. A process of preceding claims whers said alkanol

is methanol.

5. A process of preceding claims where said catalyst

15 is scdium methoxide.

6. A process of claim 1 sub. nh) where the phosphcric
acid is orthopresphoric acid and the sodium phosphate
monobasic is either of the monohydrate or of the

20 dihydrate form.



