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(57) Abstract

Acetaldehyde may be effectively removed from a contaminated methanol stream using a distillation method wherein a solvent stream
comprised of a relatively heavy polar compound such as water or propylene glycol is utilized as an extractive distillation solvent. Following
the separation of the polar compound from the bottoms stream obtained by extractive distillation, the purified methanol may be recycled -
for use as a reaction solvent in an olefin epoxidation process,




unreact ed. propyl ene and propyl ene oxide fromthe crude epoxidation
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t he acet al dehyde produced during epoxidation, acetaldehyde may be
generated” 25 during the, met hanol recovery steps. Normally, it will be
economi cal ly advant ageous to recycle the recovered nethanol for
use in the epoxidation process. Wiile | ow concentrations of
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BACKGROUND OF THE INVENTION
10 In recent years, the production of propylene oxide from propylene
using hydrogen peroxide as an oxidant and a titanium-containing zeolite as
a catalyst has been proposed. Methanol is a particularly preferred reaction
solvent for such purposes, as it tends to promote high catalyst activity and
sefectivity. Epokidation processes of this type are described, for example,
15 in U.S. Pat. Nos. 5,591,875, 4,833,260, 5,621,122, 5,646,314, and
4,824,976, EP Pub. No. 0732327, and Clerici et al., J. Catalysis 7129, 159-
167 (1991), the teachings of which are incorporated herein by reference in
.their entirety.  Although such processes are capable of providing
exceptionally high selectivity to propylene oxide, minor quantities of certain
20  by-products such as acetaldehyde are inevitably formed.

The methanol which is recovered following the separation of
unreacted propylene and propylene oxide from the crude epoxidation
reaction product often is contaminated with acetaldehyde. In addition to the

) - acetaldehyde produced during epoxidation, acetaldehyde may be generated
25 . d_u_rin_g the methanol recovery steps. Normally, it will be economically
_aﬂvantageous té_ recycle the recovered methanol for use in the epoxidation
~process. While low concentrations of acetaldehyde generally may be
present in the epoxidation reaction mixture without deleterious effect on the
epoxidétion, in a continuous process the acetaldehyde will tend to



i ntroduci ng an extractive solvent stream.conprised of a polar substance
sel ected fVOPPOBRSSgr oup consisting of water, glycol s, 4l yp&@@?ﬁ?gf’%@%nd
m xtures thereof to an upper section of said extractive distillation zone,

(c) 15 distilling acetal dehyde overhead fromsaid extractive _
distillation zone, and (d) recovering froma lower section of said
extractive distillation zone a botto stream conpri si ng net hanol

and t he pol ar substance and havin a reduced acet al dehyde
concentration as emu@eﬂ@tmmm&h@m@le’emla@rﬁr@am to an unagceptabple favel. At
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In yet another embodi ment of the invention, the inpure methanol ] .
wetor, and the second’ bottoms ot FUMIAREEE TRESMRB RO aai 1ot
fractional distillati oThisdnvéitRnprelies A RetHRALIEMoVgRictaiReRydd oth an
bot t orrs 10 impure methanol stream comprising (a) introducing the impure methanol
stream into an intermediate section of an extractive distillation zone, (b)
introducing an extractive solvent stream comprised of a polar substance
selected from the group consisting of water, glycols, glycol ethers and
~» mixtures thereof to an upper section of said extractive distillation zone, (c)
15 - distilling acetaldehyde overhead from said extractive distillation zone, and
- (d) recovering from a lower section of said extractive distillation zone a
- bottoms stream comprising methanol and the polar substance and having
a reduced acetaldehyde concentration as compared to the impure methanol
stream.

20 The bottoms stream may thereafter be introduced into an
intermediate section of a fractional distillation zone, the methanol distilied
overhead from said fractiona! distillation zone, and a second bottoms stream
comprising the polar substance recovered from a lower section of said
fractional distillation zone.

25 In another embodiment of the invention, only a portion of the impure
methanol stream is fed to the extractive distillation zone with the remaining
portion being fed directly to the fractional distillation zone in the same
manner as the bottoms stream from the extractive distillation zone.



5 stream conpri sed of the polar substance which is recycled for use as

t he wOom08988t | ve sol vent streamin step (b). PCT/EP98/04695

DESCRI PTI ON OF THE DRAW NG Figure 1, to be explained in nore
detail .hereafter, illustrates in schematic form an enbodi nent of

t he invention. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The i npure nethanol streamtreated in accorddnce wth. the process

of this invention is typically obtained by. subjecting a crude epoxidation
reaction product cont almiepanetherembediment of tiee invemtian, the impiire methanol
fractionation qQr series of fract Il ons wherein st _orall, of
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20 references bkiFhelive solvést staaingirostep (8rction of this application.

Dependi ng upon the epoxidation conditions and initial fractionation
nmeans enpl oyed, the i npure nethanol streamgenerally will have a
conposi tion conprised of . DE pﬂqudpg TREDRASVING | n percent by
wei ght %/%RL 60 to 90 25

Acet al dehyde 0.01 toFigure 1, to be explained in more detail\krreafter, |Ilustratast|o 40
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FREPLACEMENT SHEET

27 UL 2000 DETAILED DESGRIPTION OF THE INVENTION

The impure methanol stream treated in accordance with the process
of this invention is typically obtained by subjecting a crude epoxidation
. reaction product containing methanol as a solvent to an initial fractionation
or series of fractionations wherein most or all of the unreacted propylene
15 . and the propylene oxide product are first removed by means of distillation
or the like. The crude epoxidation reaction product may be generated by
_ reacting propylene and hydrogen peroxide in a liquid phase comprised of
methanol in the presence of a catalytically effective amount of a titanium-
containing zeolite such as titanium silicalite (TS-1), as described in the
20 references listed in the Background section of this application. Depending
| upon the epoxidation conditions and initial fractionation means employed,
the impure methano! stream generally will have a composition comprised of

- the following components, in percent by weight:

. Methanol 60 to 90
.25 - - Acetaldehyde  0.01to 0.1
Water 51040

Glycols, glycol 0.1 tO. 2 This Sheet Has Been Rep
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4 Q her conponents may, of course, also be present such as
propyl ene, W BWHBne oxi de and reaction by-products and ot RFTERIEPi es;
typically, however, nmethanol will conprise at |east 60 wei ght percent of

t he i mpur e net hanol, stream Any water or other polar substance
present in the 5 feed is taken into consideration in the calculation of
t he anount of pol ar substance to be dupplied to the extractive
distillation. Watever the content of polar substance in the feed,
however, the amount of Qiblearcaeropenenmtsemay, of cosrgsl aisd be presepérsuch as

extractive solvent streamis af |east abqut 25% by weight, based on
t he wei ght of the grgw[pgemxf?&p Ufres r?ﬁé'%wgﬂ'ﬁfoqwts a"ﬂpﬂg%n igpurities;

substance intr Odquﬂcél_l% folefe L idtREAGINAN @bﬁ{ﬂrisbaétil@éhtmeipﬁt percent of the
preferably 40 to 60 wei'ght percent of the inpure nethanol sfreamfeed.

The extractive di dnPUremnesiancd stieamaAny water oe othaiipoias slahylaaoawesm&n thel
distillationgolu I : i h i St j t.hanol .
Chot 11121100 0, B \EUEH i ASREABLARY v Salsih R he A0
condensi ng means Shbstansedo be suppliepto thecextrlotive distilketivn. \Yharves thd-ednteRs!
results, the extra ti\f ion zone should contain at | east

distill
10 theoretical pl &P %hﬁ“%%taf‘ﬁ%ﬂf:' I%'E‘)el feeaér howrevercthi ameush of polas substance

theoretical platesupplied 4 Separatd Saradtivel P istieam js at least Qﬂ)@tﬂt%‘%sqy
limted only by econom c considerations. A single distillation . col’'um

or tower is usual Weighkbased®rihe weightaf therismisamethanok steeams.e Thie @dount

excl uded. 10 1! 2o 13 Btience AEARRSS Jofel e FOBBHE sl zppe
extractive distil Ipaefevably 40 to 60 weight percent of the impure methanol stream feed.

The extractive distillation is suitably carried out in any convenient

- distillation column or tower appropriate for the distillation of methanol. The

- column or tower is equipped with an a_ppi'opriate reflux condensing means

16 - and an 'apbropriate reboiler heating means. For best results, the extractive

-+ distillation zone should contain at least 10 theoretical plates and ordinarily

- will contain 20 to 30 theoretical plates. The maximum number of theoretical

. plates is limited only by economic considerations. A single distillation

- column or tower is usually preferred for economic reasons, but the use of

. 20 muitiple distillation columns to accomplish the same result is not excluded.

The extractive solvent stream supplied to the extractive distillation

zone will be comprised predominantly (e.g., at least 90 percent by weight)

of one or more polar substances hé\)ing' volatilities less than that of

methanol. Suitable polar substances for purposes of this invention include,

25 water, glycols, glycol ethers and mixtures thereof. The term “glycols” refers

to dihydric alcohols 'such as, for example, ethylene glycol, 1,2-propylene

glycol, 1,3-propane diol, 1,4-butanediol, neopentyl glycol, 2-methyl 1,3-

propanediol, 1,3-butanediol, 2,3-butanediol and the like and oligomers

thereof such as diethylene gyicol, tripropylene glycol, and the fike. The term

30 “glycol ethers” refers to mono- and di-ethers of glycols, and glycol oligomers,



zone W || be conprised predominantly (e.g., at |east 90 percent by wei ght)
of one jor mwlg&‘ar suBst ances having volatilities |ess thﬁﬁT’Fﬁ%‘%"‘S’F

met hanol . Sui tabl e pol ar substances for purposes of this invention include,
25 wat er, glycols, glycol ethers and m xtures thereof. The term
"glycol s" refers to di hydric al cohols such as, for exanple,

et hyl ene glycol, 1,2-propyl ene gl ycob, 1, 3-propane diol,

1, 4- but anedi ol , neopentyl glycol, 2-nethyl 1, 3- pr opanedi ol ,

1, 3- but anedi ol , 2wdthhmanoealkyll ethets geoetallyebeing preferrede(e.g., propylenehglyeo¥

such as di et hyl ene | co tnipropyl ene. al yeol . ..and the |ike. The term 3
"gl ycol ethers” r&@@?{yy%w’aﬁds &r@fg?rﬁélrlglat)}hegpﬁ%'sgg)séqgegqrﬁgﬁure °f0
ol i goners, polar substances selected comprise at least 85 weight peréent, more
wi t h nono- al kyl et hers general Ig@bel ng preferred (e.qg., propylene gl ycol

monomet hyl et her ) Preferally gt lepst ¥a weaighlparaentrfitae extrastivheelvent sirsamy dher
pol ar subst agces ?éé@@bﬁﬂ.f&ﬂﬁ@réﬁr%cﬂ%e Eﬁﬂrt%hte §€?< r_;ég{bfuld)%ﬁ%\%ﬁ?mfim%xreme

pref erably at | east wei ght percent o ve SO strea
5 f eed poi nt f anethepokstrearotfeed poinivamd tise peinhathwhith the dverhvesrh strbam

| mpur e met hanol .stre feed point .and the point at. L he
overhead stream conrpnsn%ﬁ%%aqeﬁgggé%w%gm 0%%?’%'@";!%%#@?{&?%50"3-
extractive distil ITié Q¥ill 28 to prevent cdhfaminhfidn %/tRe tSvePhEaE ¥tream by the
contam nation of the overhead stream b extractive sol veqt

stream if so desiex@ctiye spiveabtjeamy éyﬁgam vRrefefabbis thg extractive selvent
L hesvery o o s BRSSO O HERRa s B 20I 4 ABhr Aol B, .
than 5 theoreti call fheataticabplatecbelbw the ioverheadrsiretbne withfitawal peinit andinat tiessam
than 5 theoretical plates above the point where the impure methanol stream
is introduced. Some methanol may be withdrawn overhead together with
acetaldehyde; while it will generally be desirable to minimize the amount of
15 overhéad methanol, one of the advantages of this invention is that such
losses typically represent only a small fraction (e.g., 1% or less) of the total
amount of methanol in the impure methanol stream. |
" The point at Which the impure methanol stream is introduced is an
intermediate section of the extractive distillation zone, preferably from about
20 20% to 50% of the distance, in terms of theoretical plates, from the bottom
to the top of the extractive distillation zone.
A suitable reflux/impure methanol stream feed ratio is important in
_ achieving optimum results and generally will be in the range of from 0.5:1 to
1:1. The pressure under which the extractive distiliation is suitably around
25 atmospheric pressure, e.g., from about 8 up to about 50 psia (as measured
at the top of the exiractive distillation zone). The bottoms (reboiler)
temperature will, of course, vary with the pressure but will typically be within
" the range of 90°C to 120°C. ‘
| o The extractive distillation conditions are selected so as to provide, at
30 a minimum, a bottoms stream having a reduced acetaldehyde level as
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of 15 over head nmet hanol, one of the advantages of this invention is that
such | osses typically represent only a small fraction (e.g., 1% or
| ess) of the total anount of nethanol in the inpure nmethanol
stream The point at which theg npure nmethanol streamis
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acet al dehyde'O t he pé)éwdwk?séﬁgcﬁfr}g ’gg)rqggove at least a por%/ of of the water from the

system so as to maintain a certain concentration of water in the extractive

solvent stream, the following embodiment of thé invention may be practiced.

‘The bottoms product withdrawn from the fractional distillation zone is fed to

- an .intermediate section of a second fractional distillation zone and

15 ‘- fractionally distilled under conditions effective to take the desired amount of

water overhead and to yiéld-a third bottoms stream comprised of the polar

substance which is withdrawn from a bottom section of the second fractional

~ distillation zone. This third bottoms stream may then be recycled for use as

‘the extractive solvent stream.

20 Another desirable embodiment of the present process is to feed only
a portion (e.g., 5 to 30 percent by weight) of the impure methanol streamto

- the extractive distillation zone. The remainder is bypassed directly to the

‘first fractional distillation zone, preferably being introduced to an

intermediate section in the same manner as the first bottoms stream. The

25 second portion of the impure methanol stream and the first bottoms stream

may be fed separately or, if so desired, first combined prior to introducing

into the first fractional distillation zone. This accomplishes the desired

removal of a portion of the acetaldehyde from the impure methanol stream,

but significantly reduces the energy and equipment costs of the process due

© 30 to ability to utilize a smaller capacity extractive distillation zone than would



readlly adj usted if so desired so as to achieve a |ower degree of 5

acet al dehysa somsessal (e.g., 50 to 75%. Wher ePCHEPISMHEBal
i mpur e net hanol stream contains water in addition to methanol and it
is desired to use an extractive solvent stream contai ning a pol ar

substance or m xture of polar substances which is less volatile than

wat er (al though some water may be present asya mxture with the other 10
pol ar substances) and to renove at |east a portion of the water fromthe
systemso as to mbmeﬁdédqoqﬁmmé:emﬁe%@a}é RietRdndidt@am.n the extractive
solvent stream the follow ng enbodi nent the invention may be practiced.
The bottoms product w imdih@ewagoompanying rdrawinga{Figurst i1)| theren is oMlustratetied

and 15 fracti oAmgo Ry o PemlasPrBBie ek ot PRV SN ekt RgR
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bst
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sol vent stream e5| ra i nent e present
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section in t manner as the first bottons stream The 25 second
portion of t! eammel additianally santaip water-salylie asganiesibstansgmsuch as
may be fed se ara f

b1 0TSl o e TS S EEr o potana

acconpl i shes the @osliwater, but with a seduced acetalq@@ydemmentrammaetmthmame
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smal | er capacity sheaactna/bnellﬁsandIthmeaftez@badéhﬁd \and| écovered for chemical

15 value, burned as fuel, or sent to waste disposal. The bottoms stream is fed

into an intermediate section of fractionator 6, which may be a conventional

fractional distillation column or tower of appropriate materials and capacity,

and subjected to fractional distillation. The remaining portion of the impure

methanol stream supplied to the purification section described herein via line

20 10 is also fed into an intermediate section of fractionator 6 by way of line 11.

Methanol in purified form is taken overhead via line 7 and may be recycied

for use as a reaction solvent in an olefin epoxidation process. A bottoms

stream comprised of water, which will generally also contain compounds less

volatile under the distillation conditions than methanol, is withdrawn from a

25 lower section of fractionator 6 through line 8. A portion of this bottoms

stream may be returned by means of line 3 for further use as the extractive

. distillation stream in the extractive distillation step of the process. The

- . remaining portion of the bottoms stream is withdrawn through line 9 for

disposal. The amount of the bottoms stream removed in this manner may

30 . .. advantageously be adjusted to compensate for the amount of water



7 be needed to handle the entire inpure nethanol stream

I n the acowonenssBhg drawing (Figure 1) there is illustrat eBCI/EPI8/04695
diagrammatically a representative systemfor carrying out the extractive
distillation process of this invention. Thus, referring to the drawing, the

5 reference nuneral 1 designates the line for feeding a portion of the
| mpur e nmet hanol streamto be treatedg o an extractive distillation
zone 2. Heat may be supplied to the colum or tower conprising the
extractive di stildeHdratedZfm hydrogen pefoxigeas a%o-pro"dtié@ln' tRé olefitt oxidation
supplied as the extractive distillation solvent through I'ine 3 in
the formof an adf@6€8S.stream The aqueous 10 stream may additionally
contain mater-scﬂggéﬁiﬂ%gganic subst ances such as gl ycols, glycol
ethers and the |i bottons stream conprising net hanol and

water, but with a r ed\iEhid mmmedenmmrammma pm'ﬁoartipniofammmxramethano!
t hr ough Iin e acet al deh S. I ved | fo as_an over hea
stream vi a ne 5s itio L Hearcggﬁ/ ec‘gwagﬁoé’(ﬁe%ﬁfﬁ 'ng WPdW%@rﬁ‘%@?"?
val ue, bur ned as dtieim hak the félicwingvesinpoditioresal . The bottons streamis fed
into an internedi ate section of fractionator 6, which may be a conventi onal

fractional distillation colGempenedbwer of approprlaﬂé_!raterlals and

capacity, and subj %Eﬁ%nto fractional disti Ié BI on. The remai ni ng
portion of the inpure anol stream suppli ed to the purification
section described herein deteme 20 10 is also f#8l3into an internedi ate
section of acti onat or b} i ne 11. hanol in purified
formis tak over head VI a 'f(?%%}a??’é(ﬂﬂ may be recycl e(?ﬁﬁh for use as a .
reaction solvent in an ol ef Propgiene @Ricopn process. Aphgttons stream
conprised of water, which wl I enerally also contain conmpounds |ess

vol atile under the distillaPthaf ¥ GPBRSNeRtEn net H&A8P, . is withdrawn from
ooZooms | " S5Ct) 00 O 100 Bk BUSidinf i HOah i ) S EhIBRlod 1
as the extracti vea first distillation column (where extractive distillation is performed) while
15 86.7 parts are bypassed to a second tower (where fractional distillation is
~ performed). | |
- The first distillation tower contains 25 theoretical stages, including the
reboiler. The impure methanol stream (13.3 parts) is fed to the 18th stage
from the top and 6.8 parts by weight of water containing low levels of various
20 - organic impurities are fed to the second stage from the top. An overhead
stream containing acetaldehyde is withdrawn from the top stage and
- condensed in a total condenser. The bulk of the methanol and water is
withdrawn from the bottom stage (reboiler) and fed forward to the second
tower. The first tower is operated at a reflux ratio (reflux to impure methanol
25 feed) of 0.8. The pressure in the column condenser is set at 38 psia and the
column operated with a pressure drop of 0.4 psi per tray such that the
bottom pressure is approximately 50 psia. This results in a bottoms
~ (reboiler) temperature of 112°C and a top (condenser) temperature of 91°C. -
Under these conditions, 75% of the acetaldehyde in the impure
30 methanol stream fed to the first tower is recovered in the overhead distillate



distillation streamin the extractive distillation step of the process. The
remai ni ng wa dv08g8s0f t he bottons streamis withdrawn thr ougCT/ERHBO4696 or

di sposal. The amount of the bottons streamrenoved in this manner may 30
advant ageously be adjusted to conpensate for the anount of water

8 generated from hydrogen peroxide as a co-product in the olefin
epoxi dati on pr ocess. Exanple @ Thi s exanpl e
denonstrates the purification of an inpure nethanol 5 streamin

accordance w th tpeoductseThisi nepmtem 10Ph eofi ﬂhpua@etawehydelm the totalsinipas

h the follow ng conpositio

\,\;le S% © W gmeth nol Stl’ﬁ@fl‘h SAfthe amounts in the first towern@egggnlg 0.16% of the
\at er 0.239 k rhead with feSAAIR8NH{Ge.
e methanol and ro?o{f o;fﬁheé\é% r are taken overhead with, . f&e
O her Heavy Conpoilbeteomposition®26the two streams obtaiheddtormp dhe firstytower ghe asf
this methanog str?@@qw 3 parts are fed to a first distillation
colum (wher& ext Re distillation is performed) while 15 86.7 parts

are bypassed to a seco@brhpyment( Wher e Distilhat logyli sti | | agoMomsiwt %)

per fornmed). The first distillation tower contains 25
theoretical stages, indfethaRg! t he re®dil er. The i npur X8t hanol
stream (13. 3 parts) is\{ggto the 18th staggo 42.8
Acetaldehyde 14.6 0.0073
10 Propylene Glycol 0 0.73
Other Heavy 0 2.96
Components :

The bottoms stream from the first tower (20 parts by weight) is fed to

the second distillation tower together with the 86.7 parts of the initial impure
15 methano! stream which bypasses the first tower.

The second distillation tower contains 20 theoretical stages (inciuding
reboiler). The feed streams are introduced at the 4th stage from the top. An
overhead stream of purified metﬁanol (86.8 parts) is withdrawn from the top
stagé and condensed in a total condenser. The balance of the water and

20 heavy components is withdrawn from the bottom stage (reboiler). Of this
bottoms stream, 13.3 parts are fed to the first distillation tower for reuse as
the extractive solvent stream and the remainder is removed for disposal as
waste. .

The second tower operates at a reflux ratio (reflux to feed) of 0.44.

25 The pressure in the column condenser is 160 psia and the column operated
with a pressure drop of 0.5 ps: per tray such that the bottom pressure is 170
psia. This results in a bottoms (reboiler) temperature of 187°C and a top
(condenser) temperature of 144°C.

Under the above-described conditions, 99.9% of the methanol in the

30 feed to the second tower is recovered in the overhead distillate stream. The
compositions of the two streams withdrawn from the second tower are as



fromthe top and 6.8 parts by weight of water containing IowIeveI? gf
vari ous 20WO 998988ni c i npurities are fed to the second st ad&¥Foh® R top.

An over head stream cont ai ni ng acet al dehyde is withdrawn fromthe ‘top
stage and condensed jn a total condenser. The bul k of the methanol
and water is w thdrawn fromthe bottom stage (reboiler) and fed
forward to the second tower. The firstOtower is operated at a refl ux
ratio (reflux to ir’rPure nmet hanol 25 feed) of 0.8. The pressure in the
col urm condenser followst at 38 psia and the colum operated with a

pressure drop of 0.4 p ay such%gl@égtr@ﬁg@ " bgt, ure is
approxi mately 50 psia.%—iﬂqﬁ@%@ults inE : \grusl ﬂﬁlﬁé’.@
tenperature of 112[err Methanola top (condeng®6) tenperature of0.48 [err]C
Under these conditions,, 75% of the acetal dfg)éde in the irrpur&f&
. rthead
9

met hanol stream fed toW&ETfirst tower is overed in the o

distillate 5 Acetaldehyde 0.0046
product. This represents 10% of the acetal dehyde in the total | npure
nmet hanol stream O thé&rapyenreslyeolihe firs@ tower feed, onl 1.TR16% of the

met hanol and 0. 23% of elRkg(y are taken qyer head with the %c%taal dehyde.
The conpositions of th ’i@ﬁ%am; obtained fromthe first tower are as 5
fol | ows: %&Sﬁ%% Distillate (w.%

Bottonms(w . % Met hanol _ 58. 3 .

53.5 Wat elr . . . 18.2 - 42.8

Acet al dehyde 1hedistillate (overhead) stregmgpay be recycled for use as a source
10 of methanol in a propylene epoxidation process of the type described in EP

Pub. No. 0732327 (correspond_i_ng to U.S. Ser. No. 08/404,657, filed March
15, 1995). ' '



10 Propyl ene G ycol 0 . 0.73

O her Heavwo 99/08985 0 2.96 PCT/ERS8#9&Nt S
The bottonms streamfromthe first tower (20 parts by weight) is fed to
the second distillation tower together with the 86.7 parts of the initial

| mpure 15 met hanol st ream whi ch bypasses the first tower.

The second distillation tower contains 20 theeretical stages (including
reboiler). The feed streanms are introduced at" the 4th stage fromthe top.
An over heafedlagpm of purified nethanol (86.8 parts) is w thdrawn
fromthe top stage and condensed in a total condenser. The bal ance
of the water and 20 ‘heavyA cagthed eftemovingaeetaldelyde from am impwesmathanal e

(reboiler). O thi ons stream 13.3 parts are fed to the first
distillation tomer&feoarmrcgn?égg{sgt the extractive sol vent stream and

the remainder is renoved for(a)i spiatreducing the tmpunasmeﬂwanol stream into e
second tower operates at a reflux ref | 44, 25 The

atio )
pressure in the col umm condenser Pge"ﬂ?@“ €iSg W&i ?ﬁ@ Pewg'a@l*%twone
with a pressure drop of 0.5 @y piﬂfroi:lﬁém%%‘ﬁcé‘)(tﬁlﬂﬂlegaﬁlelh‘?%ﬁ@ahpéﬁﬁﬁﬁ%@d bf

170 psia. This results in a bott reboiler) tenperature o
187[err]C and a top (cond@pglar'fulpsetam s&lemddmmﬂlﬁmup@,onmstmg of

feed to the second tover s recovinih FRoPRaNcbrngE? 434 frixled Herddtinte
The conposi tions of the tawuppersection dflshichextractive disiillation xofet ovner
are as (c) distilling acetaldehyde overhe:—.l'ag from said extractive
distillation zone; and
(d) recovering from a lower section of said extractive
distillation zone a bottoms stream comprising methanol -
and the polar substance and having a reduced
acetaldehyde concentration as compared to the impure
methanol stream.
2. The method of claim 1 wherein the amount of the extractive
solvent stream introduced into said extractive distillation zone is at least 25
weight percent of the impure methanol stream.
3. The method of claim 1 wherein the polar substance is selected
from the group consisting of water, propylene glycol and mixtures thereof
4. The method of claim 1 comprising the additional steps of
- introducing the bottoms stream into an intermediate section of a fractional
distillation zone, distilling methanol overhead from said fractional distillation
zone, and recovering a second bottoms stream comprising the polar
substance from a lower section of said fractional distillation zone.
5. The method of claim 4 comprising the additional steps of
recycling at least a portion of the second bottoms stream to the extractive
- distillation zone for use as the extractive solvent stream.

0 |||\\ \\I\I \\ \Il\




fol |l ows: Conponent
Met hanol woO 99708985 92.6
7.25 91.0 5
0 Propyl ene G ycol
O her Heavy 0

Distillate (m.% Bottonms(w . %
0.48 PCT/EPIS(RASS '
Acet al dehyde 0. 0046
0 1.72
6.8 Conponent s

The distillate (overhead) stream may be recy@l ed for use as a source 10
in a propyl ene epoxidation process of the type described in EP

of net hanol

Pub. No. 0732327 (corrgsporthégmethdd Sof Sfaim No.wRérkeitDatbieast f 50%d dfbtien

15, 1995).

1. A nethod of ameh)gdwéhanraehmetha@m %trearﬁm!@ﬂlmcneﬂﬁmaésmr%m{C)

7. (8)
+ i T el et Pl ol 8BS EtERst 68 7
weigh} peraerltoﬂtha impure mathaaotsmraol vent stream conprised

conpri sing
an

Zone;

of

8. A method of removing acetaldehyde from an impure methanol

stream comprised of at least 60 weight percent methanol, said method

comprising the steps of

(a)

(b)

(c)

(d)

introducing the impure methanol stream into an
extractive distillation zone; . '
introducing an extractive solvent stream comprised of
at least 85 weight percent of a polar substance
selected from the group consisting of water, propylene
glycol and mixtures thereof into an upper section of
said extractive distillation zone, wherein the amount of
the extractive solvent stream introduced is at least 25
weight percent of the impure methanol stream;
distilling at least 50% of the acetaldehyde in the impure
methanol stream overhead from said extractive
distillation zone; and

fecovering from a lower section of said extractive
distillation zone a bottoms stream comprising methanol
and the polar substance and having a reduced
acetaldehyde concentration as compared to the impure
methanol stream.

9. The method of claim 8 wherein the impure methanol stream

is recovered from an epoxidation process wherein propylene is reacted with

hydrogen peroxide using a titanium-containing zeolite as catalyst and

- methanol as a solvent.

10. The method of claim 8 wherein the impure methano! stream
is comprised of 60-80 weight % methanol, 0.01 - 0.1 weight % acetaldehyde,

) O



a pol ar subst ance sel ected from the group consisting of
wat er, gl ywe 99/08885ycol ethers and mi xtures thereof into  PCI/EP98/04695

an upper section of said extractive distillation zone; (c)
distilling acetal dehyde overhead from said extractive

distillation zone; and ' (d) recovering froma | ower section of
said extractive distillattBon zone a bottons stream
conpr.i si ng met hanol and the pol ar substance and havi ng
a reduced and 5-40we|ghtalcwheérdehyde concentration as conpared tolthe
| mpur e net hano] stre e nethod of claim
1rr\p/\/nere| n the amount of1the Eﬁf‘%ﬁﬂ‘?é é'%ﬂ@(@@éhﬁ%?%tﬂféhﬁ%@cﬁlﬁd

et hanol "ot roam  SONERt &b R i 7R SWHBE erbf G el lS, B

subst ance i s sel ecste@Brfir om t he group consi sting of water, propylene glycol
and m xtures thereof 4. The et ha Lm,l conpri.sing th

addi ti onal steps of i ntT%ducAﬁ'@e‘Pﬂ‘goﬂEﬁ’PBYfﬂgEP?@{%HVHF(?%EBPHPBP%EWF&%‘O'
section of a fractétpstgh dd,mpﬂsliﬂgat ion zone, distilling methanol overhead
fromsaid fractional distillation zone, and recovering a second bottons
stream conprising the pol ar (ﬁ)bst'@ﬁf@éuﬁmnﬁaﬁsévmﬂﬁécﬂ #e dmpiige gmethanol

1oL onar st eps. of Fonyat 1 ngFipalnty BpAAe sdi B Blaf SR 00

streamto the extractive distill adistatiomzorfeyr use as the extractive

sol vent stream (b) introducing an extractive solvent stream comprised of
a polar substance selected from the group consisting of
water, glycols, glycol ethers and mixtures thereof into
an upper section of said extractive distillation zone;

(c) distilling acetaldehyde overhead from said extractive
distillation zone;

(d) recovering from a lower section of said extractive
distillation zone a first bottoms stream comprising
methanol and the polar substance and having a
reduced acetaldehyde concentration as compared to

- the impure methanol stream;

(e) Introducing the first boftoms stream and a second

portion of the impure methanol stream into an
- intermediate section of a fractional distillation zone;

4] distilling a purified methanol stream overhead from said
fractional distillation zone; and

(9) recovering from a lower section of the fractional
distillation zone a second bottoms stream comprised of
the polar substance and having a reduced- methanol

concentration as compared to the first bottoms stream.

* C L M S *



12 6. The nethod of claim 1 wherein at |east 50%, E}‘E $)a695
acét al dehyW@ PR8%8fe | npure nethanol streamis distilled overhead I n step
7. The net hod of claim 1 wherein nethanol conprises at Ieast '
vei ght percent -of the inpure methanol stream 8. A met hod of
enovi ng acet al dehyde from an i npure mnet hano+ stream conprised of at |east
60 wei ght percent nethanol, said nethod corrp"rsi ng the steps of
(a) introducing the inpure str

th |
extractive distillatiod zoné‘q;E method ‘of ca'"t ﬂ? Wﬁﬁﬁ"?)(ﬁﬁé?ﬂﬁ apostion ofithee

sol vent stream CO'%BEbﬁ(?ﬂoﬂéms stream is recycled for us@lad hasixtraetiV® seNenPSIrESM!
of a pol ar substanc ected fromthe group consisting

of water, propyl emestep (b). gl ycol and mi xtures thereof into an
upper section of

wher ei n th;a arount of 14- The methodsoafic(iiaiexii@&{e}%ﬁﬁﬁﬁ%%f‘ri&oﬁr@g}h&éﬁgﬁve

introduced is at Is@ffnt Sfeam introduced into sald extfatld disfitiontzodle ik ieagr25e
nmet hanol stream ) _distil ﬂ-. at |l east 50% of the

acet al dehyde in t tweightpgreent of(the first portlon of evimpianetbapeksirednar head from
said extractive 15, The me hcﬂi hﬁi Wﬁe?é?ﬁﬁ'\e fildtiportion of the impure?)

recovering froma-l ower Section o act|

distillation zone meﬂbrahbbstseawhnsiruncﬁrtqnﬁbs:etgemtd:tyrwetght of the impure methanol
and the pol ar substance and having a reduced

acet al dehyde concé&2¥% on as conpared to the | mpur e

met hanol stream 16)-  ThHEReldertisin $2 Whardinwhethahb! édifipfigas aBleast

met hanol streamis recovered from an epoxi dation process vvherel n propyl ene
is reacted with hﬁﬂwgmtp@r@nt@éth%m@:rg roethanpLsiredAt ai ni ng zeolite as

\(/:\ﬂfa?la?/?]t t ﬁgdl ggwgnﬁlet harol Sﬂ#%?ﬁén’tlhlog gf)%ar"ﬂ"ggg %}FSB%FS@Q\A%@EB% 'sz eahsol
0.01 - 0.1 wei.ght sélested flodetinedgroup consisting of water, propylene glycol and mrxtures
‘ thereof.
18. The method of claim 12 wherein at least 50% of the
acetaldehyde in the first portion of the impure methanol stream is distilled
.. overhead in step (c).
19. The method of claim 12 wherein the impure methanol stream
is additionally comprised of water, the extractive solvent stream is comprised
of at least one polar substance other than water, and the second bottoms .
stream is subjected to an additional fractional distillation to remove water
ovérhead and to obtain a third bottoms stream comprised of the polar
substance which is recycled for use as the extractive solvent stream in step
(c). o
20. The method of claim 12 wherein the polar substance or mixture
of polar substances comprises at least 85 weight percent of the extractive
solvent stream.
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13 and 5-46 wei ght % wat er. 11. The nethod of claim@8 wherein the
anount of WRSUEEBFactive sol vent streamis from 40 to 60 wdGREHREnt of

t he i mpure net hanol stream 1 A nmet hod of renoving acet al dehyde
froman inpure nethanol stream conpl’i'si ng (a) introducing a
first portion of the.inpure nethanol : streaminto an

i nternedi ate section of an extractive distillation zone;

(b) introducing an extractive solvent stream conprised of
a pol ar substance selected fromthe group consisting of
wat er, glycols, glycol ethers and m xtures thereof into

an upper section of said extractive distillation zone; (c)
distilling acetal dehyde overhead from said extractive :

distillation zone; (d) recovering froma | ower section of
said extractive distillation zone a first bottons stream
conpri si ng nmet hanol and the pol ar substance and having a
reduced acet al dehyde concentration as conpared to t he

i mpur e net hanol stream (e) introducing the first bottons

strean1and a second
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o
_ X
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portion of the inpure methanol streaminto an

‘intermedi ate section of a fractional distillation zone; ()
distilling a purified methanol stream overhead from said

fractional distillation zone; and (g) recovering froma | ower
section of the fractional C ~distillation zone a second
bottons stream conprised of 3 t he pol ar substance and

havi ng a reduced net hanol concentratlon as conpar ed to

the first bottons stre

13, The method of ¢l allYsb %meé.%maedlmggpf g'epWFPB?P'O‘Ihet impure sgthanol

bott ons stream i SsreamGs e@d&uehansse:rﬂgnséwoﬁmtléasttdnéqad@d dsHstafdd 8fHEritRat ep
(b). 14. The nethod of claim 12 wherein the anount of the extractive

sol vent stream i nWadefucanrd ithe oserand bettemst steami ist subiectednta @me additional -

| east 25 wei ght Praétidhal B%Qﬁév}/ﬁm th'r éﬂmBQE:Hté’ﬂf é{aearld%%lﬁﬁﬂeé A oRihE™

15. The nethod o erein-the I'on of nmpure

met hanol st r53am |stréamrct5npusaﬂof)ﬁ'lecmlar bubswncgihwhnrh is Inecyclewfm' usH dauthed
stream s&r cl aj m 12 erein nethanol conprises at

| east 60 wei ght pm% Vecﬁ° RA0HD $18P (Aol st ream 17. The

met hod of claim 12 wherein the pol ar subst ance i s sel ected fromthe group

consisting of water, propyl ene %@'s%)r'zrpﬁgﬂl 8}: THE DRAWING

Figure 1, to be explamed in more detaal hereafter illustrates in.
schematnc form an embodnment of the mventlon

10  DETALLED DESC'RIPTION OF THE INVENTION -
The impure methanol stream treated in aceordance with the proeees
of this invention is typically obtained by subjecting a crude epoxidation .
. reaction product éontaining methanol asa solif_ent 1o an initial fractionation
or series of fractionations .\.N_herein most or al} of the unreacted propylene
15 and the propylene oxide prod'uct ate first removed by means of distillation
- or the fike. The crude epoxxdatron reactron product may be generated by
reacting propylene and hydrogen peroxxde in a liquid phase compnsed of - -
methanol in the presence of a catalytically effect_we amount of a titanium-
containing zeolite such as fitanium silicalite (TS-1), as described in the
20 'referen_ces listed in the' B'acl;g‘reund sectien of this applicetien. -' Depending - '
upon the epoxidation conditions and initial fracﬁonation means employed,
the impure methanol stream genemily will have a combpeition comprised of
the following componenis,.in percent by weight:

_ Methanol 60 to 90
25 Acetaldehyde  0.0110 0.1
Water 5to 40

Glycols, glycol 0.1t02
ethers, other
heavy impurities

REPLACEMENT SHEET
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"t her eof. 18. The nethod of claim 12 wherein at least 50% of the
~acetaldehyde in the first portion of the inpure nmethanol streamis
. distilled overhead in step (c). 19. The nethod of claim 12 wherein

‘the inpure nmethanol streamis additionally conprised of water, the
extractive solvent streamis conprised of at |east one polar substance

ot her than water, and the second bottons streamis subjected to an

addi tional fractional distillation to renovwd water overhead and to obtain a
third bottonms stream conprised of the polar substance which is recycled for
use as the extractiveldol v&Re ethadhof glaimeh2 werein at leasp@ potlien @fithed of

cl ai m 12 wher el o S MRS UHEAATE Fodidd 8} UEE 8@ BhPEaRI I Sream

conprises at |eas ercen the extractive s stream
REPLACEMENT SHEE step (b).

27 JUL 2000 14.  The method of claim 12 wherein the amount of the extractive

solvent stream introduced into said extractive distillation zone is at least 25
weight percent of the first portion of the impure methanol siream.

15.  The method of claim 12 wherein the first portion of the impure
methanol stream is from 5 to 30 percent by weight of the impure rﬁethanol
stream.

16. The method of claim 12 wherein methanol comprises at least
60 weight percent of the impure methanol stream.

17. The method of claim 12 wherein the polar substance is
selected from the group consisting of water, propylene glycol, and mixtures
thereof.

18. The method of claim 12 wherein at least 50% of the
acetaldehyde in the first portion of the impure methanol stream is distilled
overhead in step (c).

19. The method of claim 12 wherein the impure methanol stream
is additionally comprised of water, the extractive solvent stream is comprised
of at least one polar substance other than water, and the second bottoms
stream is subjected to an additional fractional distillation to remove water
overhead and to obtain a third bottoms stream comprised of the polar
substance which is recycled for use as the extractive solvent stream in step
(v).

20. The method of claim 12 wherein the polar substance or mixture
of polar substances comprises at least 85 weight percent of the extractive

solvent stream.
M O

REPLACEMENT SHEET




