-1- Integrated process for preparing trioxane fromforml dehyde 5
Description The invention relates to an integrated process for preparing
trioxane from formal dehyde. 10 Trioxane is generally prepared by reactive
distillation of aqueous fornal dehyde solution in the presence of acidic
catal ysts. This affords a m xture conprising trioxane, fornmaldehyde and
water as distillate. The trioxane is suldsequently extracted fromthis
m xture by extraction with hal ogenat ed hydrocarbons such as nethyl ene
chloride or 1,2-dichloroethane, or other water-inmscible solvents. 15 DE-A
1 668 867 describes a process for renoving trioxane from m xtures
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DE-A 1 668 867 describes a process for removing trioxane from mixtures

comprising water, formaldehyde and trioxane by extraction with an organic

solvent. In this process, an extraction zone consisting of two subzones is charged

at one end with an organic, virtually water-immiscible extractant for trioxane, and

20  at the other end with water. Between the two subzones, the distillate from the
trioxane synthesis to be separated is fed. On the side of the solvent feed, an
aqueous formaldehyde solution is then obtained, and, on the side of the water

feed, a virtually formaldehyde-free solution of trioxane in the solvent.

25 A disadvantage of this procadure is the occurrence of extractant which has to be
purified. Some of the extractants used are hazardous substances (T or T*
substances in the context of the German Hazardous Substances Directive)},
whose handling entails special precautions.

30 DE-A 197 32 291 describes a process for removing trioxane from an aqueous
mixture which consists substantially of trioxane, water and formaldehyde, by
removing trioxane from the mixture by pervaporation and separating the trioxane-
enriched permeate by rectification into pure trioxane on the one hand and an
azeotropic mixture of trioxane, water and formaldehyde on the other. In one

35 example, an aqueous mixture consisting of 40% by weight of trioxane, 40% by
weight of water and 20% by weight of formaldehyde is separated in a first



-2- distillation colum under standard pressure into a water/formal dehyde
m xture and into an azeotropic trioxane/ water/formal dehyde m xture. The
azeotropic mxture is passed into a pervaporation unit which conprises a
menbr ane conposed of pol ydi net hyl sil oxane with a hydrophobic zeolite. The
trioxane-enriched mxture is 5 separated in a second distillation colum
under standard pressure into trioxane and, in turn, into an azeotropic

m xture of trioxane, water and formal dehyde. This azeotropic mxture is
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synthesis reactor in which the formal dehyde is converted to trioxane to
obtain a product stream A2 conprising trioxane, water and formal dehyde; 25
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The object is achieved by an integrated process for preparing trioxane from
formaldehyde, which comprises the following steps:

20 a) a stream A1 comprising water and formaldehyde and a recycle stream B2
consisting substantially of water and formaldehyde are fed to a tfrioxane
synthesis reactor in which the formaldehyde is converted to trioxane to
obtain a product stream A2 comprising trioxane, water and formaldehyde;

25 b) stream A2 and a recycle stream D1 comprising trioxane, water and
formaldehyde are fed to a first distillation column and distilled at a pressure
in the range from 0.1 to 2.5 bar to obtain a stream B1 enriched in trioxane,
and the stream B2 consisting substantially of water and formaldehyde;

30 ¢ stream B1 is fed to a second distillation column and distilied at a pressure
in the range from 0.2 to 17.5 bar to obtain a product stream C2 consisting
substantially of trioxane, and a stream C1 comprising trioxane, water and
formaldehyde;

35 d) stream C1 is fed to a third distillation column and distilled at a pressure in
the range from 1 to 10 bar to obtain the recycle stream D1 comprising



-3- trioxane, water and fornmal dehyde, and a stream D2 consi sting
substantially of water. Consisting substantially of one or nore conponents
nmeans that these conponents are present to an extent of at |east 90% by

wei ght, preferably to an 5 extent of at |east 95% by weight, in the
appropriate stream It is known that trioxane, formal dehyde and water form a
ternary azeotrope which, at a pressuredf 1 bar, has the conposition of 69%
by wei ght of trioxane, 5% by weight of formal dehyde and 26f by wei ght of
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colums with structured packin andom packi ng. The distillation col ums
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colum in qutrloxane rich trioxane/water/formaldehyde mixture on the one hand and
substantially pure trioxane on the other. According to the invention, the trioxane-
rich trioxane/water/formaldetyde mixture is fed to a third distillation stage which is
20 operated at a pressure which is between the pressure of the first distillation stage
and of the second distillation stage. In the third distillation stage, a stream
comprising trioxane, water and formaldehyde and a stream consisting
substantially of water are obtained. The stream comprising trioxane, water and
formaldehyde is recycled into the first distillation stage. This achieves substantially

25  all trioxane prepared in the synthesis being obtained as a product of value.

According to the invention, each distillation stage comprises a distillation column.
Suitable distillation columns are any distillation columns such as columns with
structured packing or random packing. The distillation columns may comprise any

30 intemals, structured packings or random packings. In the following, all pressure
data relate to the pressure at the top of the column in question.

In a first process step a), a stream A1 comprising water and formaldehyde and a
recycle stream B2 consisting substantially of water and formaldehyde are fed to a
35 ftrioxane synthesis reactor and aliowed to react to obtain a product stream A2



In a first process step a), a stream Al conprising water and formal dehyde
and a. recycle stream B2 consisting substantially of water and fornmal dehyde
are fed to a 35 trioxane synthesis reactor and allowed to react to obtain a
product stream A2 -4- conprising trioxane, water and formal dehyde. The
reaction is effected under acidic conditions. Streans Al and B2 can be fed
separately. However, it is also possiblFd<to nix 5 streans Al and B2 before
they are fed into the trioxane synthesis reactor. In general, stream Al
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15 Product stream A2 comprises generally from 35 to 84% by weight of
formaldehyde, from 15 to 45% by weight of water and from 1 to 30% by weight of
trioxane.

In one embodiment of the process according to the invention, the
20  waterfformaldehyde mixture is reacted in the trioxane synthesis stage a) in the
presence of acidic homogeneous or heterogeneous catalysts such as ion
exchange resins, zeolites, sulfuric acid and p-toluenesulfonic acid at a
temperature of generally from 70 to 130°C. It is possible to work in a reactive
distillation column or a reactive evaporator. The product mixture composed of
25 trioxane, formaldehyde and water is then obtained as a vaporous vapor draw
stream of the reactive evaporator or as a top draw stream of the reactive
distillation column. The trioxane synthesis may also be carried out in a fixed bed
reactor or fluidized bed reactor over a heterogeneous catalyst, for example an ion
exchange resin or zeolite.
30
In a step b) which follows step a), stream A2 and a recycle stream D1 comprising
trioxane, water and formaldehyde are fed to a first distillation column and distilled
at a pressure of from 0.1 to 2.5 bar, preferably from 0.3 to 2 bar, more preferably
from 0.4 to 1.5, for example 1 bar, to obtain a stream B1 enriched in trioxane, and
35 the stream B2 consisting substantially of water and formaidehyde.



trioxane, water and formal dehyde are fed to a first distillation colum and
distilled at a pressure of fromO0.1 to 2.5 bar, preferably fromO0.3 to 2
bar, nore preferably from0.4 to 1.5, for exanple 1 bar, to obtain a stream
Bl enriched in trioxane, and 35 the stream B2 consisting substantially of
wat er and formal dehyde. -5- The first distillation colum conprises
preferably from2 to 50, nore preferablyd-from4 to 40 theoretical plates.

I'n general, the stripping section of the first distillation colum
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from 55 to 70% by weight of trioxane.

20  Streams A2 and D1 are fed to the first distillation column preferably as side feeds.
Stream B1 is withdrawn from the first distillation column preferably as a top draw
stream and stream B2 as a bottom draw stream.

In a preferred embodiment stream A2 is fed to the first distillation column as a side
25 feed in the stripping section or as a feed in the bottom of the column and the
stream D1 as a side feed in the rectifying section. In a further embodiment the
stream A2 and the stream D1 can be mixed before feeding in the first distillation
column. The feeding then preferably is carried out as a combined side feed.

30 In a further embodiment of the process according to the invention, the trioxane
synthesis stage a) and the first distillation stage b} are carried out together as a
reactive distillation in a reaction column. In the stripping section, this may
comprise a fixed catalyst bed of a heterogeneous catalyst. Alternatively, the
reactive distillation may also be carried out in the presence of a homogeneous

35 catalyst, in which case an acidic catalyst is present together with the
water/formaldehyde mixture in the column bottom. Preference is given to carrying



30 In a further enbodi nent of the process according to the invention, the
trioxane synthesis stage a) and the first distillation stage b) are carried
out together as a reactive distillation in a reaction colum. In the
stripping section, this may conprise a fixed catalyst bed of a

het er ogeneous catal yst. Alternatively, the reactive distillation may al so
be carried out in the presence of a hom$fgeneous 35 catal yst, in which case
an acidic catalyst is present together with the water/formal dehyde m xture
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tri oxane-enriched streamBl is fed to a second distillation colum and
distilled at a pressure of from0.2 to 17.5 bar to obtain a stream C2

consi stimy swbs pmgssgbﬂew c?fwrrumrfeudws aéﬁlb?,,théfﬂ%é@gé-bh&@md@treaﬁﬂ@ id feidng

tri oxane, water an or con | St

conpri ses geleét $H99 dﬂsﬂﬂ%&&cc&@m@a&@ph@&s aei& paire Oi)r%?i’r%@r ﬁp# nglrolo to 50
t heoreti cal @tbtaihea; strbamgeﬂeroabrstrmgmulsmntrapy f paiex ticxanaf andhiasstredivs Cill | at i on
col umm conpr | 00/ from50 to 75% of the

t heoreti cal %cfni rrsn{got?]o%%r} W@oﬁr d%r%aeﬁgh%ressure in the second
distillation colum is at least 0.1 bar higher than in the first
distillafdon f 5to 10
bar, pr%aqt ergﬁfgg&d &‘%ﬂﬁﬁ&i giumrr %’ﬁpl{yegzq?ﬁ%%”g & l%’? :ﬁgﬁeg%ué rrﬁﬂartgs oper at ed
preferably aprefqalﬁy &reogut @ sl m@ret@afam@regdnmgnera#dhe spipemgrsgstion eftthig

pressure bet ygfitidn %Bﬂmn7c$iﬁr5nse39rdr°ﬁ 085 (9084, "srarsrdbdy FOMPS0 REF5AEBEHRl |y from
95 to 100%% %&’ re era y from99 to 100% by wei ght of trioxane, and
5T d’r‘ﬁte SNy

from0O to 59 fromO to 1% by weight of water. Mbore
preferably, the content of vvater in the product streamis < 0.1 % It may
even be < 0. % Stream C co

o | 5.t0.20% b
wnt gt ofS 1ol RpiesRyEan e nsond Iy B ER g eaar 0.1 bar higePtnad it he’ *

first distillation column. In general, this pressure difference is from 0.5 to 10 bar,
preferably from 1 to 7 bar. The second distiliation column is operated preferably at
a pressure between 2 and 10 bar, more preferably at a pressure between 2 and
7 bar.
20
Product stream C2 comprises generally from 95 to 100% by weight, preferably
from 99 to 100% by weight of trioxane, and from 0 to 5% by weight, preferably
from 0 to 1% by weight of water. More preferably, the content of water in the
product stream is < 0.1%. It may even be < 0.01%. Stream C1 comprises, for
25 example, from 5 to 20% by weight of formaidehyde, from 15 to 35% by weight of
water and from 50 to 75% by weight of trioxane.

Preferably, stream B1 is fed as a side feed, preferably as a side feed in the
stripping section of the second distillation column, to the second distillation

30 column. Stream C1 is preferably withdrawn from the second distiliation column as
a top draw stream and product stream C2 as a bottom draw stream.

In the step d) which follows step ¢), stream C1 is fed to a third distillation column
and distilled at a pressure in the range from 1 to 10 bar to obtain the recycle

35 stream D1 comprising trioxane, water and formaldehyde and a product stream D2
consisting substantially of water.



water and from50 to 75% by wei ght of trioxane. Preferably, stream6l is fed
as a side feed, preferably as a side feed in the stripping section of the
second distillation colum, to the second distillation 30 colum. Stream Cl
is preferably withdrawn fromthe second distillation colum as a top draw
stream and product stream C2 as a bottomdraw stream In the step d) which
follows step c), streamCl is fed to a4htrd distillation colum and
distilled at a pressure in the range from1l to 10 bar to obtain the recycle
35 stream D1 conprising trioxane, water and fornal dehyde and a product

stream 02 consisting substantially of water. -7- The third distillation
stage i s car Fhedhisudisiiation stageyis sairiedmub pefeablyeat @ BressurgrRptweemarands The

third distilkah}on colum has at |east two theoretical plates, preferably
from1l0 to 50 theoretical plates. In general, the stripping section of this
distillation colum conprises from25 to 90% preferably from50 to 75% of
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In a preferred embodiment, in a further step of the process for preparing trioxane
from formaldehyde, a feed stream E1 comprising water and formaldehyde is fed to
a formaldehyde concentration unit. Stream A1 as a formaldehyde-rich bottom
stream and a low-formaldehyde stream E2 as a top or vapor draw stream are
20  withdrawn from the concentration unit.

The concentration of the feed stream E1 comprising water and formaldehyde is
generally carried out in a distillation column or in an evaporator. The concentration
is preferably carried out in an evaporator, more preferably in a continuous
25 evaporator. Suitable continuous evaporators are, for example, circulation
evaporators, falling-film evaporators, helical tube evaporators or thin-film
evaporators. Particular preference is given to using falling-film evaporators to
concentrate the water/formaldehyde mixture. The falling-fiim evaporator is
operated generally at a pressure of from 50 to 200 mbar and a temperature of
30 from 40 to 75°C.

The concentration step can be carried out as described, for example, in
DE-A 199 25 870.

35 The formaldehyde-enriched stream A1 obtained in the concentration is generally
withdrawn as a bottom draw stream; the low-formaldehyde stream E2 is



25 evaporator. Suitable continuous evaporators are, for exanple, circulation
evaporators, falling-filmevaporators, helical tube evaporators or thin-film
evaporators. Particular preference is given to using falling-film

evaporators to concentrate the water/forml dehyde m xture. The falling-film
evaporator is operated generally at a pressure of from50 to 200 nbar and a
tenperature of 30 from40 to 75C. The -dbncentrati on step can be carried out
as described, for exanple, in DE-A 199 25 870. 35 The fornal dehyde-enri ched

stream Al Ob\kimd? b8 althE of AR At dvRktr&iini S general Iy withdrawn as a bottom
draw stream theg‘ﬁrc‘)wfaorﬁa | dehyde stream E2 is -8- withdrawn as a top or

vapor draw stream Wen a distillation colum is used for concentration, the

feed stream ﬁhenCQW&&illﬁaitlBﬂ Mﬂ&rﬁﬁ @ndsécprwﬂalcdﬁ&érd@nb@ MHeekegaRlirgahed1as a
side feed. 5 In a, eferre‘éj t he Iﬁwforrra dehyde stream E2 i s

fed to the tq‘ﬂ'?%l"s' water f @8*‘ Sp§f?'@3 g3ap @ §ffefEfabl y fed to the
third digillation columm as a side feed at the top of the colum. In a
further enbodi ment

E2 t f b
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met hyl fQy mat SnbiREd Bk 7 di met hoxydi net hyl ether, trimethoxydi nethyl
et her, nethano IFF?‘?)rmlec eéjm d and also further hem acetals and full acetals.

To renmove these low boilers, it is optionally possible after the first

distillati onlnSé&ﬁmorbao Wétef, Hofifal@etydd driéf riBRanedistohmsadd, cm graged peliaw boi | er
renoval stage), this case, the low boilers are r gqﬂlgf referably via 20
rfﬂﬂ‘!i

the top of t “F‘HW E‘é‘ylaé?o F@HB’\F&I UR & drve B iveignt.cogne y Bpkl atbﬁd at a
pressure of WeigMm &f lov Bolas.. TYpical ese ballerst yisich evaybbe lfemgdeiromaltrie@ingnrm has

at | east 15 synthesis and the subsequent distillative separation are methyl formate, methylal,

dimethoxydimethyl ether, trimethoxydimethy! ether, methanol, formic acid and also

further hemiacetals and full acetals. To remove these low boilers, it is optionally

possible after the first distillation stage b) to carry out a further distillation stage

{low boiler removal stage). in this case, the low boilers are removed preferably via

20 the top of the low boiler removal column which is preferably operated at a

pressure of from 1 to 3 bar. In general, the low boiler removal column has at least

5 theoretical plates, preferably from 15 to 50 theoretical plates. The stripping

section of this column comprises preferably from 25 to 90% of the theoretical

plates of this column. Stream B1 is fed to this low boiler removal column as a side

25 feed, and the stream B1’ freed of the low boilers is generally obtained as a bottom

draw stream. When the low boiler removal is carried out, stream B1' is fed as
stream B1 to the downstream second distillation column.

The pure trioxane obtained, whose purity may be > 99% by weight, preferably
30 >99.5% by weight or even > 99.8% by weight, is preferably used to prepare

polyoxymethylene (POM), polyoxymethylene derivatives such as polyoxy-

methylene dimethyl ether (POMDME), and diaminodiphenyimethane (MDA).

The invention is described in detail below with reference to the drawing.
35

The sole figure shows a process flow diagram of the process according to the



5 theoretical plates, preferably from 15 to 50 theoretical plates. The
stripping section of this colum conprises preferably from25 to 90% of the
theoretical plates of this colum. StreamBl is fed to this | ow boiler
renoval columm as a side 25 feed, and the stream Bl' freed of the | ow
boilers is generally obtained as a bottom draw stream Wen the |ow boiler
renmoval is carried out, stream131' is f%d as stream Bl to the downstream
second distillation colum. The pure trioxane obtained, whose purity nay be
> 99% by weighdntiopr eferably 30 > 99.5% by wei ght or even > 99.8% by wei ght,
Is preferably used to prepare pol yoxynethyl ene (POV), pol yoxynethyl ene
derivatives such as pol yoxy- nethylene dinethyl ether (POVDVE), and
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trioxane syntoBaiehydesdghybotiom drgy eiiear 3 ig et e 8 HpRee YNNess'8actd, 5t he
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From the trioxane synthesis reactor 5, a stream 6 comprising trioxane,
formaidehyde and water (stream A2) is fed as a side feed to a first distillation
column 7. In the first distillation column 7, stream 6 is separated into a trioxane-
enriched stream 8 (stream B1) which is withdrawn from the first distiliation column
20 7 as a top draw stream and a stream 9 which is obtained as a top draw and
consists substantially of water and formaldehyde (stream B2}. The stream 9
obtained at the bottom (stream B2) is recycled into the trioxane synthesis reactor
5.

25  The stream 8 obtained at the top of the first distillation column 7 (stream B1) is fed
to a second distillation column 10. In the second distillation column 10, this is
separated into a product stream 11 comprising substantially trioxane (stream C2)
and a stream 12 comprising trioxane, water and formaldehyde (stream C1} which
is drawn off at the top of the second distiliation column 10. Stream 14 is fed via a

30 side feed to a third distillation column 13. In the third distillation column 13, stream
12 is separated into a recycle stream 14 which comprises trioxane, formaldehyde
and water and is obtained at the top (stream D1) and a stream 15 consisting
substantially of water (stream D2} which is drawn off at the bottom of the third
distillation column,

35
The recycle stream 14 (stream D1) is fed to the first distillation column 7. The



colum 7. In the first distillation colum 7, stream6 is separated into a
trioxane- enriched stream8 (stream 131) which is withdrawn fromthe first
distillation colum 20 7 as a top draw stream and a stream 9 which is
obtained as a top draw and consists substantially of water and fornal dehyde
(stream B2). The stream 9 obtained at the bottom (stream B2) is recycled
into the trioxane synthesis reactor 57195 The stream 8 obtained at the top
of the first distillation colum 7 (streamBl) is fed to a second

di stillationeepit!Biedh 14!i91dd\Ga & 8RRMTEedlinkd thelfidtidstili&Rnwaindd7. this is
separated into a product stream 11 conprising substantially trioxane (stream

C2) and a stream 12 conprising trioxane, water and fornal dehyde (stream )
whi ch is drvadditfon tatthé beedrap2aktrédre Gi9chBdowifcrirididenlyde strearh Wnstrédn St r eam

14 is fed via,a,30 sifde, feed t third distillatloen, co . 4dn the third
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whi ch corfor i sshesmhridodbisepreferabinfett by desidaridedvat $ve spdofi the dbirdiidistitatieh t he t op
(stream D1) @&&nﬁ (Stream 15 consisting substantially of water (stream D2)
which is drawn off at the bottomof the third distillation colum. 35 The
recycle stream 14 (streamDl) is fed to the first distillation colum 7. The
-10- recycl eEﬁé!gF@m 14 is fed via a side feed into the first distillation
colum 7. In addltion to the stream 12 (stream C ), the | ow formal dehyde
stream 4 (stream E2) drawn off at the top of the concentration unit 2 is
fed to tHe tANEgueeus formaldebyde splidionuhpomprising 37% by weighbef fprmaldetydes si de
feed at the § JeTMg 1S il | aqueous
f or mal dehydeérg'glsgﬁ Eﬂ%ﬁ%{é&grﬁ?ﬁﬁ %%Hg@ a&g?gﬁmgﬁ glr;%na%lr@ée n(fgoasgﬁd 63% by
wei ght of wafadiingifimgyareratos Eheclghigfitrm gvapaiatgnistoperated ataeoesayresof 100
falling-fil tor hda - £ | v, r [ : oAl a
pressure of oY a2 tmpelalfie B 50T A bbifof RV el cirERR by
conpri si ng 5@kighbef fomaaligehydefanddQye by aieigint obwates txwvitydrawn fiam the battoer i s

W t hdr awf fr Sk r?gllirli’gj)-ﬁlFrPQer:xporr-.\tor. The top draw stream 4 comprises 20% by weight of

formaldetyde, the remainder is water.

The bottom draw stream 3 is fed to the trioxane synthesis reactor 5. The trioxane
synthesis reactor is designed as a stirred tank reactor and is operated at a

20 temperature of 108°C. The discharge stream 6 comprises 9% by weight of
trioxane and 66% by weight of formaldehyde, the remainder is water.

The stream 6 is fed to the first distillation column 7 on the fifth tray. The stream 14
is recycled from the process into this distillation column 7 on the 20" tray. The first

25  distillation column 7 is operated at a pressure of 1 bar. The temperature at the top
is about 101°C, the temperature at the bottom is about 104°C. The column
contains 30 trays. A stream 9 with a concentration of 80% by weight of
formaldehyde and 20% by weight of water is withdrawn from the bottom of the first
distillation column. A stream 8 with a concentration of 66% by weight of trioxane,

30 7% by weight of formaldehyde, and 27% by weight of water is withdrawn from the
top of the column 7.

The stream 8 is fed to the second distillation column 10. The second distillation
column 10 is operated at a pressure of 4 bar. The temperature at the top is about
35 142°C, the temperature at the bottom is about 166°C. The column has 40 trays,
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15 of the falling-filmevaporator. The top draw stream 4 conprises 20% by
wei ght- of formnal dehyde, the remainder is water. The bottom draw stream 3 is
fed to the trioxane synthesis reactor 5. The trioxane synthesis reactor is
designed as a stirred tank reactor and is operated at a 20 tenperature of
108C. The di scharge stream 6 conprises 9% by weight of trioxane and 66% by
wei ght of formal dehyde, the renmai nder i-d1water. The stream 6 is fed to the
first distillation colum 7 on the fifth tray. The stream 14 is recycled
fromthe prosteamisis fed toithe 8D% tray.| Asream d8Icompriging 64tay Réight af tigranghe fi r st

25 distillatiygn I rat .BSSUr f. 1.
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The stream 19istilatighicB¥WA from the bottom of this colum. This stream
conpri se%S nore than 98% by wei ght of water.



The top stream 14 conprises 66% by wei ght of trioxane, 8% by wei ght of

for mal dehyde and 26% by wei ght of water. This stream 14 is recycled to the
first distillation colum 7. 15 -12- What is clained is: 1 An integrated
process for preparing trioxane from fornmal dehyde, which conprises the
followi ng steps: a) a stream Al conprising water and formal dehyde and a
recycle stream B2 consisting substantyally of water and fornal dehyde are
fed to a trioxane synthesis reactor in which the formal dehyde is converted
to trioxane to obtain a product stream A2 conprising trioxane, water and
fornaldehydgyyﬁ%hﬁ&ﬁggnLAz is fed as a side feed in the stripping section of

. . 152 .. .
a first dis ion colum and a recycle stream D1 conpri sing trioxane,

wat er and fornmal dehyde is fed as a side feed in the rectifying section of
the first distillation colum and distilled at a pressure in the range from
0.1 to 2.5 har tandbiegrated pedcess iorlpiepariig diuxené rfrdm iforraaiishydedwhice st ream

82 consisting substanti al f r_and fornmal dehyde; c) streamBl is fed
to a second di Stiw@?qsggtﬁ%ﬁoﬁ%wgﬁgepai stilled at a pressure in the range

fromO0.2 to 17.5 bar to obtain a product stream C2 consisting substantially

of Lt oxane. and g 4 SGa % GRS\ ple A RXFARCNR! A% SRl leLgLACy 0o

d) streamCl is fed to athir I'Tation co St at a
pressure in the rangB2faopaisting suastaniialy ©b watteraand faremaldebyds aresfadelnf D1

conpri sing trioxane, yaRA%s sﬁﬂﬁes“i&Féﬁ{dﬂ‘?ﬁMﬁm RBdonAdérRAR $Péonveridaitgt i ng
substantially of water. 2. The process according to claiml, wherein the

distillation b) is chiexanatoRhtain g pradyst sgeyp cPmpisindtHgeane, Waesaadio 1.5
bar, the distillatiopreildehyde; pressure in the range from2 to 7 bar and the
distillation d) at a pressure in

b} stream A2 is fed as a side feed in the stripping section of a first
distillation column and a recycle stream D1 comprising trioxane, water
and formaldehyde is fed as a side feed in the rectifying section of the
first distillation column and distilled at a pressure in the range from 0.1
to 2.5 bar to obtain a stream B1 enriched in trioxane, and the stream
B2 consisting substantially of water and formaldehyde;

c) stream B1 is fed to a second distillation column and distilled at a
pressure in the range from 0.2 to 17.5 bar to obtain a product stream
C2 consisting substantially of trioxane, and a stream C1 comprising
trioxane, water and formaldehyde;

d) stream C1 is fed to a third distillation column and distilled at a
pressure in the range from 1 to 10 bar to obtain the recycle stream D1
comprising trioxane, water and formaldehyde, and a stream D2
consisting substantially of water.

2. The process according to claim 1, wherein the distillation b) is carried out
at a pressure in the range from 0.4 to 1.5 bar, the distillation ¢) at a
pressure in the range from 2 to 7 bar and the distillation d) at a pressure in
the range from 1 to 5 bar.

3. The process according to claim 1 or 2, wherein stream B1 is withdrawn as
a top draw stream and stream B2 as a bottom draw stream from the first



the range from1l to 5 bar. 3. The process according to claim1l or 2, wherein
streamBl is wwthdrawn as a top draw stream and stream B2 as a bottom draw
streamfromthe first -13- distillation colum and stream A2 is fed as a
feed in the bottomof the colum or ag._a side feed and stream Dl as a side
feed. 4. The process according to any of clains | to 3, wherein stream 131
is fed as a side feed to the second distillation colum and streamd 1is

withdrawn as a't r tio S m 5.

The process accor@g‘iq%t? o}%rﬁ‘\rgg}'@%gr %é] %59%% %\g\lhagFéeza'l%nth [{N? o B{E'%f ed as

a side feed to theoluminrat agdisssidd leatiand stream i, asandidetfeeshm D1 i s W|thdr awn as

a top draw stream and stream D2 as a bottom draw stream 6. The process

according to any of clains 1 to 5 wherein, in a further SteEﬁ feed
ligtterhage
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f or mal dehyde-ri ch bottom stream and for mal dehyde stream E2 iIs
withdrawn as a t ofs BﬁOP/QWStEﬁWQQﬁE%W C? aspROUAHIBUSIEARLr ding to clai m
6, wherein streamE2 is fed to the third disti IIatlon colum. 8. The
process accordl ng.to cla f j

erein streamE2 i ed to th r.d

di stillati onvcol ubfe 85°°§3§P8@r¥m%59 apy qlplaimg g t814 WH@re(‘fb"Ft{ﬁﬁm 8@) 1Pﬁé@“‘:‘process
according to cl ai ms@e febcltce:h@ thitd gistinatigh eslomal Arebstredam BN 6s withdtawin astor e
addition to the t (g IIatdi n&ﬁd)éjrm %rflﬂthnfg_d as a conbined side
feed to the third Bl ?leﬁrgﬁfnoaw P §92 8'";5:&%‘83 &%ccording to claim 6,
wherein the fornmal dehyde concentration wunit is a distillation colum. 11.
The process accordj Lal m, J | Y, tion
ini t 1 o an efapor M6 prochsS ebecliflo (YR8 dasG o5 PR B AANGRRA R, T
evaporator is a ftdedi sireainl i1 evapoismgomwater and formaldehyde is fed to a

formaldehyde concentration unit, stream A1 is withdrawn from the

concentration unit as a formaldehyde-rich bottom stream and a low-

formaldehyde stream E2 is withdrawn as a top or vapor draw stream.

7. The process according to claim 6, wherein stream E2 is fed to the third
distillation column.

8. The process according to claim 6, wherein stream E2 is fed to the third
distillation column as a side feed at the top of the column.

9. The process according to claim 6, wherein stream E2 and stream C1 are
mixed before addition to the third distillation column and then fed as a
combined side feed to the third distillation column.

10. The process according to claim 6, wherein the formaldehyde concentration
unit is a distillation column.

11. The process according to claim 6, wherein the formaldehyde concentration
unit is an evaporator.

12.  The process according to claim 11, wherein the evaporator is a falling-film
evaporator.



