0050/ 46366 Distillation of ethylene oxide Description 5 The

pr esent i nvergd'ﬁp/ édes to a novel process for distilling et hyl ene
oxi de out of @ m'xture conprising ethylene oxide in a colum by
wi t hdrawi ng pure ethyl ene oxi de overhead or via a side- streamin the

rectifying section of the colum. 10 Et hyl ene oxi de can be prepared by
oxi dati on of Dishjl?ation tdf exhyleng@xidéhe oxi dation generally takes place
in a fixed-bed reactor at from230 to 270[err]C (U I mann's Encycl opedi a
of I ndustri alpeEhethe; try, 5th Ed., Vol. A 10, pages 117 to 135). 15
The ethyl e c?xi ggbp%%%luct ion reactor effluent, which conprises et hyl ene
oxi de, ethyl ene, carbon dioxi de, acetal dehyde and al so | ow boil ers, such

as nethane, iThe; PESFRRE iNVEnRAPR FIFteEE0c2 NRNGly PERESER | tRF dhstyildhRg
oxi de can be etbylapredodtidepons ¢6HranmfixsureOcomnerising ethylenetanigleofin a
et hyl ene oxi delanmd bpiwitHdradingipiren@thylére oxider evethesd rexmowial aokidse

| ow boil ers. gtrekhhih e Recdesysnd stickibhi 62NEhd RHALARII ate in the
chem cal iqy dustry because of its high reactivity. It is used for

exanple for 25.the synthgsi s of ethylen | ycol ,_.ethyl ene glycol ethers
ol oo - Cor EXBISeR PRI cReChe SaRazan. ! SRiqnson of 'S ake LR Rk
the hi gh rea@&vi The fxidatyrengensraldy sakes PlacsH ignpwhbkedtbed feacter
distilling tled& Eroml 23E texi2d0°C s{Hdmann’ §(Encyeldpedipost Indusésiadl Ghemiker
distillationtxgpdbthaEd. wved.sHbi0, pagest @l7teotIBS5)acti on of a source of
ignition. 3§ addition, as mentioned, it can formglycols wth the water

l'ikew se pre teth¥leﬂé.JﬁiﬂFangﬁﬁ§q$qﬁfrEQ8t5§E§¥¥Tﬁeh VeRRidaD dehpig¥kde a
novel pro- 3e ess 0‘5’6’%98“9\7(}1 ig?et ne §X|de out. o g ng?x ure
compri sing - SEPHIPERCTAIe SHABIERYy HEMIBCENIOIG areralarhin andaipene
0X- low boilers, such as methane, is treated with water to remove
ethylene oxide. Ethylene oxide can be isolated in pure form from
20 the resulting mixture of ethylene oxide and water by distilling
the mixture after removal of the low boilers.

Ethylene oxide is a significant intermediate in the chemical in-
dustry because of its high reactivity. It is used for example for

25 the synthesis of ethylene glycol, ethylene glycol ethers, oligo-
or polyethylene glycols or ethanolamines.

On the other hand, the high reactivity of ethylene oxide is a
problem when it comes to distilling the ethylene oxide, since it
30 can decompose explosively under distillation conditions when sub-
jected to the action of a source of ignition. In addition, as
mentioned, it can form glycols with the water likewise present.

It is an object of the present invention to provide a novel pro-

35 cess for distilling ethylene oxide out of a mixture comprising
ethylene oxide wherein the decomposition reaction of ethylene ox-
ide, in particular in its initial stages, is completely sup-
pressed or terminated.

40 We have found that this object is achieved by a process for dis-
tilling ethylene oxide out of a mixture comprising ethylene oxide
in a column at an absolute pressure of from 2 to 10 bar and a
temperature of from 20 to 180°C by withdrawing pure ethylene oxide
in the liquid or gaseous state overhead or via a sidestream in

45 the rectifying section of the column, which comprises feeding the
mixture through a plurality of successive zones of structured
sheet-metal packing or dumped beds of packing elements, at least




ide,-in particular inits initial stages, is conpletely sup- pressed or
ter m nat ed. %5%/ found that this object is achieved by a process for
di s- tilling ethyl'ene oxide out of a njxture conprising ethylene oxide

fn a colum at an_absol ute pressure of f2om2 to 10 bar and a tenperature
of from 20 t On¢8ef rhich penep: helreaunestedr tocanextinawisbidng $ysteme vidaqui d
or gaseous swhtichowxckipud solvent avlsichessr masciblelivithe ethglédeiongdeedsi on
of the col umfedwih€d I one¢s) f £AsH Aitlside thé XdoMend RE0H86n dad | tHed prky- Of
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2 one of which zones is gonnected to an extinguishing systemvia
which a I unJeg'Bﬁz}éﬂ\f the mAxture e digtihled KMt taomykhe Synthegdsi nt o
the zone(s) Pfofthylenaioxide anduinclaslesowater asevgllesgs ethylene |dxide.in

t he col um | Exemplesicsf fukther Ppedsitdlel ynghedientairin tthibecdsstartd @thgQres
fromthe syniehesgsycol Ololdgbybenplend dayasd)sCaLdias del, cbudl 4 !fordalde-

ethyl ene @f $gde or RHER1ZEnhe! Lﬁr}]&‘%{etﬂgﬁ |ble ingredients in this case
are et hyl - ene glycol, oligo(ethylene glycol)s, aldehydes, such as

formal de- 10 _hyde or acet al dehyde, and met hane. However, it is also
possible to PVeX helthigc 8d80opossile hPoAPPLY $he)Priogepfeofi thig 1iavEBn of
m xtures whi &ionpeaithe disipildatier-of mixfures whicle besidsangthylemehansl
gl ycol s, nondde, dirnclude rfior- etample mathanod, oglyeslks, ®ond( Gibr rdr Erder]

al kyl ') et hasolthghoPsmine orPmBhe+ abF Yai (2 -0} Xd1kvA ye@hRRoarindd .ed conpri ses,
I n each case based on its weight, from 10 to 90% by wei ght, preferably

30 to 70% | +f _ethylene oxide and from90.to 10% wei ght, pre-
20 ferably fopgrth A‘?Qi&’g%ﬁ‘&"%’F ht© Sf%\ké?é?.le‘srh%m?ﬁ%%ﬁﬁ% TRy=3 case t her
conpri se, i nP25ER S ¥edghtn fxam JO &1t 903 B wpiahtyopraferablkidgnto
preferably 0708 Byowgialti.gof, ebhylane loxidegayd ofrom P toml0% weight, pre-
20 ferably from 70 to 30% by weight, of water. The mixture may fur-
ther comprise, in each case based on its weight, from 0 to 10% by
weight, preferably 0 to 5% by weight, of ethylene glycol and from
0 to 10% by weight, preferably 0 to 5% by weight, of acetalde-
hyde. It will be appreciated that the sum of the ingredients of
25 the mixture is 100% by weight in each case.

According to the invention, the novel process is carried out in a
column, preferably having a rectifying section. Suitable columns
include customary, known distillation columns as described for

30 example in Ullmann’s Encyclopedia of Industrial Chemistry, 5th
ed., vol. B3, pages 4-82 to 4-94, or in Klaus Sattler, Thermische
Trennverfahren: Grundlagen, Auslegung, Apparate, Verlag Chemie,
1988, pages 25 to 27.

35 The columns have on their inside a plurality of successive zones
of structured sheet-metal packing or dumped beds of packing ele-
ments. It is a central consideration that the particular way in
which the mixture to be distilled is fed through these zones
makes it possible to achieve excellent distillative separation

40 and also to counteract the decomposition of ethylene oxide. It
can be of advantage in this connection to provide, on the inside
of the column, additional zones of structured sheet-metal packing
or dumped packing which act as decomposition barriers only.

45 Suitable packing elements include for example the well known Ras-
chig rings, Pall rings or Bialecki rings in metal or ceramic.




0 t‘o? 10% by weight, preferably 0 to 5% by wei ght, of acetal de- hyde. 1t
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-of t he colit}?rm a gY %gﬁe zoranéls ?ls‘f otfctsa'lsgam%heet nmet al packi ng or
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packi ng el e spreifite Fwifasranpee atha wérnckureth skeet-metahippakings,
Pal | rings orzoBealresges rimgenenalkefrdm A00Ceoal®00 m2, prefefdily 4£&d3m6125 to

3 Sui t abl 59t m@ ¢t bRl Dncohe T Vf RAGKENESt-Gietall FS&\kﬁ?g lgmen and
comerci al{g avail abl e for exanpl e under the de5| gna I ons Gerrpak

(Aitsch, In Sul zer

terthur, Swi &zheeP?E f‘m >§i52‘erl gﬁgka}ﬁ’\% %cg&nrg()'zo&am%es in gen-
U | mann's En(?f@llo Egrall Q(ﬁ? 100p m? 'orbalsﬁ R@Pn‘l’&?d“BPlfl'é]Ee dumpegd~pagkiRfer s
I n Processi nggo®&d Environnetal Technol ogy, Verl ag Chem e, Weinheim
1995, pages 25 to 27. As well as these zones, the distillation colum

i ncl udes caostpr@ferably the distillation is carried out in a column having a
plurality of zones of structured sheet—-metal packing.

With particular advantage the novel process is carried out in a
column having from 2 to 20, preferably 3 to 15, in particular 4

25 to 8 and most preferably from 4 to 6 of these structured sheet-
metal packing zones. '

The height of the individual packlng zones ranges from 1 to 15 m,
preferably from 3 to 8 m.

30
The sheet-metal packing or dumped-packing zones are connected to
one or more extinguishing systems disposed outside the column.

The extinguishing system, in general an extinguishant-filled con-

35 tainer which may additionally include [lacuna] small amount of an
inert gas, for example nitrogen, is connected to the column by
means of pipework and conventional measuring and control means.
In effect the extinguishant can be passed into the column by
means of pumps, for example after the opening of valves. In a

40 preferred embodiment of the process of this invention, the ex-
tinguishing systems are disposed above the abovementioned zones.
In this way the hydrostatic pressure of the extinguishant is uti-
lized in the process of extinguishment.

| 45 The customary collector and distributor systems present in the
column can be utilized with advantage to ensure the optimum dis-




10 ary col l ector and distributor systens. The specific surface area of
a structured packi ng zone ranges in general from 100 to 1000
mMerr], prefe‘ﬁaﬁf}fﬁ%ﬁ] 125 to 750 merr], based on one niferr] of the
sheet - et al packing zone. 15 The spedflc surface area of a

dunped- packi #gibuhton ofydde exyinguishastain fthemctd@mho 1000 nferr], based
on one nB of the dunped- packi ng zone. 20 Preferably the distil I ation is

carried out isniBaBDé Ui il ma?hgﬁaﬁks ar@liiéﬁiéé’dﬂlcﬁoﬁﬁé ﬁiséﬂﬂi@pbﬁﬁﬁd
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sheet - net al packi ng or dunped-packi ng zones are connected to one or nore
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lﬂg\é\e/g;; on.18 'OeoQéto 4 Baxngbkabeﬂ&bﬁ»'%&%ﬁ aiacodg'tsz%ed?é{&ESi‘é:r%ga y, prefer-
ext i ngui shant lé E’feém 0.2 17 tldi) rn’v% E:aggz. d‘g g% r# 4§h°fhe
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utilized wit RP25E¥RGt2RRes Gf6A5 1R Paniedopti fmn ¢bout 5 to 60 seconds, pre-
ferably about 15 seconds.

20 .
In the event of a downward moving decomposition, the decomposi-
tion front travels faster than the extinguishment front. In this
case decomposition is stopped only in the next packing zone,
since this region has already been flushed with extinguishant and

25 the conditions prevailing there therefore do not permit any fur-
ther decomposition of ethylene oxide. In the event of an upward
moving decomposition, the decomposition front and the extinguish-
ment front travel toward each other and meet, which results in
extinguishment.

30
Preferably, in extinguishment, sufficient extinguishant, prefer-
ably water, is passed into the column that the weight ratio of
ethylene oxide:extinguishant in the region to be extinguished be-
tween two packing zones is below 80:20, preferably below 70:30,

35 at the time of extinguishment.

Preference is given to a procedure where each sheet-metal packing
or dumped-packing zone is connected to a separate extinguishing
system. '
40
Advantageously the extinguishant container of the uppermost ex-
tinguishing system is designed to be larger than the container of
the remaining extinguishing systems. When this container is de-
signed to be from about 1.5 to 2 times larger, this ensures that
45 further extinguishant can flow into the entire column, addition-
ally intensifying the process of extinguishment.
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bar, in partifromnaB0 abmut500cS bar, above the operating pressure in the
col um. The extingui shant enters the packi ng zones after a period of

from abouty gd plyee 68t gﬁﬁcﬂfég%xéaéels w:.tfh%rr%%yﬂ@%gaé%rs %&gngs§1gesi-fre ¥ the
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and the exti ngw sh- ment front travel toward each ot her and neet, which
results in shnent. Pref er abl i n, extingui shnment,

suf fi ci ent e>‘2’P| n %ﬂerﬁe F‘g?e?'s withdzayn, ¥i %r gﬁ‘ inithe irectdEdm
that the wei gh8 PegtipPRyOf thst 9l Wy d-ﬂWdé%k?lrﬁgLﬁ%&ﬁﬁmphetm@gie@ade@

be exti ngui sﬁéﬂ g@vantamghyth@ Wadidmgnzeaeevezshé:aai pwod@cl0, preferably
bel ow 70: 2®, 35 at the tinme of extinguishnent.

In the distillation of a mixture comprising ethylene oxide and
water, water is generally withdrawn as bottom product.

In the distillation of a mixture comprising ethylene oxide, water

25 and acetaldehyde, it is preferable to withdraw pure ethylene
oxide overhead, a mixture comprising acetaldehyde, ethylene oxide
and water via a sidestream in the stripping section of the col-
umn, and water as bottom product.

30 In the distillation of a mixture comprising ethylene oxide,
water, formaldehyde and acetaldehyde, it is preferable to with-
draw a mixture of a formaldehyde and ethylene oxide overhead,
pure ethylene oxide via a side stream in the rectifying section
of the column, a mixture comprising acetaldehyde, ethylene oxide

35 and water via a side stream in the stripping section of the col-
umn, and water as bottom product.

The amount of heat required for the distillation can be supplied
in various ways. For example, it can be supplied at the base of
40 the column, in the stripping section of the column or by heating
the feed in the distillation of a mixture comprising ethylene ox-
ide and water. In the distillation of a mixture comprising ethyl-
ene oxide and water it is of particular advantage to effect the
heat supply in the stripping section of the column or by heating
45 the feed, since the aqueous system inherently provides an extin-
guishant which counteracts the decomposition of ethylene oxide.
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I'n tine distillation of a m'xtur—e—eeﬂ%H si-pg—et-hytene oxi de, water 25 and

acet al dehyde, ferabl e t thylene oxi de over head,
a mxture con%##g(gﬁgé\ et al dehyd “mi ﬂgH E>ﬂ and water via a
sidestreamin the stripping sect um, and water as bottom
product. 30 In the distillation of a m xture conprising ethyl ene oxide,

water, fornalweladmand acet al dehyde, it is preferable to wth- draw a
m xture of a formal dehyde and et hyl ene oxi de over head, pure ethyl ene
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pr oduct . The Rkt Bf ‘P}é’oﬁr Pé&u?r*e%lnﬁlatﬂﬁe @f sfnam 20i ba 180POHBY

suppl i ed in vaﬂtcmlsamyg puner eshyhehe oxidecan tiwe sligplidedr agasdoushase of
40 the col um, i rstidte sverpeadI®rseotiai é)rbiﬁeshﬂieaﬁoilurﬁhé)&eaflbﬁﬂﬁé Ngbctiohhe
fe;ad |n the di gtldﬂ %meoaomma WEHréomésf:fg?dfﬁ$ﬁ]h%nﬁu§§uzé% etl%z%ﬁng.n g
wat er . e di

wat er | t i s@of p% dﬂa&}\’t? u%tc@séWé c}%%ecf’ ft ﬁggugt“r%gt shEBh ary?'

stri pping secti ok © thu%?%%‘? yp"féﬁt'ﬁgnﬁ a8enisy @Atodeas n%’éet‘?fe Whlch
aqueous system i ARAEENLE cweﬁﬂteéstanaremt@ngmsgmq; rstemhvia wioigh @r act s
t he decorrp05| ti onliguidt Rgleend othiicdh. is miscibl@0¥DtH G3Gfylene oxide is fed

6 A particul arlintor eher ¢ék (¥)0gediir Suttside kheSceidnf lasNgobhCadli the pres-

tillation is a cadusian 19Riehid %Heaebfﬁﬁ@ ahdxbbd§bang the space  Dbetveen
colum and jacket with an inert gas, for exanple carbon di oxi de or

nitrogen, prefergply nitro en, Thege, neasyres provide 5 addi ti onal
protection aS{al ngibpé FEPRATS é a’tﬁ'h‘"[ Ltonvigredh theamixkare £ bene

expl osi ve deconpdyistid erCQRﬂﬁﬂséﬁeeEhY¥R?e oxidecanthwategr ocess provi des an
advant ageous way of continuously distilling ethylene oxide out of a
m xture co2risi gy peobgksngs Kladmedeintilaamens Uivhéite i dhe inf xSRI 1@ $RUS
deconposition of @idhyhieq comprises, based on its weight, from 10 to 90% by
weight of ethylene oxide and from 90 to 10% by weight of
water.

25 4. A process as claimed in claim 1, wherein the specific surface
area of a zone of structured sheet-metal packing is from 100
to 1000 m? per m3 of the metal-packing zone.

5. A process as claimed in‘claim 1, wherein the specific surface
30 area of a zone of dumped beds of packing elements is from 100
to 1000 m? per m3 of the dumped-packing zone.

6. A process as claimed in claim 1, wherein the distillation is
effected in a column having a plurality of zones of struc-
35 tured sheet-metal packing.

7. A process as claimed in claim 1, wherein the distillation is
carried out in a column having from 2 to 20 zones of struc-
tured sheet-metal packing.
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éne oxi de does occur, it can be immediately brou

wi t hout expl éﬁ?y‘f@é destruction of the di stl {llﬂ " The
purity of the oxi de obtained in the proc ventlon
is very high. For exanple, the ethylene &xide obtalned 15 in the
distillation&f &npargoesssas exlctimed ihx¢laim fiIr,omhelrein esginedailspaéking

et hyl ene oxi de hag ampeat-ﬁ&adngdgoﬁenier&orm‘edﬁh to Hvéé?péﬁadé %Qt@ﬂ&ﬁfm- a
water content of jppt soREEmt han 60 ppm 20
40

5§9. A process.as claimed in claim 1, wherein the extinguishant
used is an aqueous medium.

10. A process as claimed in claim 1, wherein the solvent is
passed into the zone(s) as soon as the pressure in the column
10 exceeds the operating pressure by from 0.01 to 4 bar.
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45¢ Ve clain1 1. A process for distilling ethylene oxide
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a separat ex |
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passed into the zatetespvesheadromyibha pidestiteam Qnt bke adatifyiflg se€¥igeds
the operating pressuwhe eylimeMvwhih témdridds feeding the mixture through a
10 . plurality of successive zones of structured sheet-metal
packing or dumped beds of packing elements, which zones are
located inside the column and at least one of which is
connected to an extinguishing system via which a liquid
solvent which is miscible with ethylene oxide is fed into the
15 zone(s) from outside the column as soon as the pressure limit
~ in the column is exceeded.

2. A process as claimed in claim 1, wherein the mixture to be

distilled comprises ethylene oxide and water.
20 ' ' '

3. A process as claimed in claim 1, wherein the mixture to be
distilled comprises, based on its weight, from 10 to 90% by
weight of ethylene oxide and from 90 to 10% by weight of
water.

4. A process as claimed in claim 1, wherein the specific surface
area of a zone of structured sheet-metal packing is from 100
to 1000 m? per m3 of the metal-packing zone.

30 5. A process as claimed in claim 1, wherein the specific surface
area of a zone of dumped beds of packing elements is from 100
to 1000 m? per m3 of the dumped-packing zone.

6. A process as claimed in claim 1, wherein the distillation is
35 effected in a column having a plurality of zones of struc-
tured sheet-metal packing.

7. A process as claimed in claim 1, wherein the distillation is
carried out in a column having from 2 to 20 zones of struc-
40 tured sheet-metal packing.
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8.

9.

10.

8
A process as claimed in claim 1, wherein each metal-packing
or dumped-packing zone is connected to a separate extinguish-
ing system.

A process as claimed in claim 1, wherein the extlngulshant
used is an aqueous medium.

A process as claimed in claim 1, wherein the solvent is
passed into the zone(s) as soon as the pressure in the column
exceeds the operating pressure by from 0.01 to 4 bar.
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