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on the side of the water feed, a virtually formaldehyde-free solution of trioxane in the
20 solvent. In one example, the distillate which is obtained in the trioxane synthesis and is
composed of 40% by weight of water, 35% by weight of trioxane and 25% by weight of
formaldehyde is metered into the middle section of a pulsation column, and methylene
chioride is fed at the upper end of the column and water at the lower end of the column. In
this case, an about 25% by weight solution of trioxane in methylene chioride is obtained at
25 the lower end of the column and an about 30% by weight aqueous formaldehyde solution

at the upper end of the column.

A disadvantage of this procedure 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

30 of the German Hazardous Substances Directive), whose handling entails special
precautions.

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
35 from the mixture by pervaporation and separating the trioxane-enriched permeate by
rectification into trioxane and an azeotropic mixture of trioxane, water and formaldehyde. In
the example, an aqueous mixture consisting of 40% by weight of trioxane, 40% by weight
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to carry out the distillative workup of the trioxane/formaldehyde/water mixture from the acid-

20 catalyzed reaction of a highly concentrated aqueous formaldehyde solution with lower en-
ergy intensity and higher yield compared to conventional processes.

Accordingly, a process has been found for preparing trioxane, comprising the following
process stages:

25
- acid-catalyzed reaction of a highly concentrated aqueous formaldehyde solution in a
reactor to obtain a trioxane/formaldehyde/water mixture (process stage 1),
- distillation of the trioxane/formaldehyde/water mixture from process stage | to obtain
30 crude trioxane as the top stream (process stage Il) and

- distillative workup of the crude trioxane from process stagé Il in one or more further
process stages to obtain pure trioxane,

35  which comprises drawing off an aqueous side stream in process stage |l.
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of for- mal dehyde or else 75% by wei ght or nal e. In the present
context, crude trioxane refers to a stream which conprises trioxane in a
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20  portion by weight of from 60 to 80%, and additionally from 30 to 20% by weight of formal-

dehyde and from 10 to 30% by weight of water.

Pure trioxane refers to a stream which comprises at least 97.5% by weight, preferably at
least 99% by weight or 99.9% by weight or else 99.99% by weight, of trioxane. For poly-

25 merizable pure trioxane, specifications are additionally made, depending on the intended
use, with regard to the formic acid content (frequently below 2 ppm by weight) and the wa-
ter content (frequently below 50 ppm by weight).

In the present context, pure water refers to a stream which comprises at least 95% by
30 weight or at least 97.5% by weight or at least 99% by weight, of water.

The trioxane synthesis reactor is in particular a fixed bed or fluidized bed reactor which is
operated at superatmospheric pressure. Preference is given to operating the trioxane syn-
thesis reactor at a pressure in the range from 1 to 5 bar absolute. In particular, the operat-

35 ing pressure should not go below a lower limit which corresponds to a temperature at which
solid precipitation could take place in the trioxane synthesis reactor.
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stream conprising crude trioxane IS I'n_one or process
st ages tion either upstream of the circulation pump or in a reaction mixer. Particularly advanta-

20  geously, a static mixer may be used for this function. Alternatively, it is also possible to
conduct the circulation stream and the fresh aqueous formaldehyde stream each sepa-
rately and merely immersed into the trioxane synthesis reactor.

The top stream comprising crude trioxane is purified in one or more further process stages
25  distillatively to give pure trioxane.

The pressure differential between the column in which process stage |l is carried out and
the trioxane synthesis reactor may, alternatively to the control valve, be balanced, for ex-
ample, by hydrostatic pressure.

30
Since the trioxane-containing reaction mixture from the trioxane synthesis reactor is drawn
off in gaseous form, the acids critical to the solid precipitation of paraformaldehyde remain
in the trioxane synthesis reactor and are not entrained into the distillation column. This al-

lows less expensive steel types to be used for the column which do not have to be acid-
35 resistant.
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The position of the draw for the aqueous side stream in process stage Il is advantageously
20 located at a theoretical plate whose position is between 10% and 90% of the total number
of theoretical plates in the column.

Advantageously, the reactor in which process stage | is carried out and the column in which
process stage |l is carried out are connected to form a unit, in such a way that the vapors

25  rising out of the reactor directly into the column and the liquid effluxing out of the column
directly enters the reactor.

In order to prevent the accumulation of high boilers, in the present context dimethoxydi-
methyl ether and formic acid in particular, a stream of from 0.01 to 1% by weight of the feed

30 amount into the reactor, in particular of from 0.1 to 1.0% by weight of the feed amount into
the reactor, is advantageously discharged continuously or batchwise from the reactor in
which process stage | is carried out or from the column in which process stage Il is carried
out.

35 The further distillative workup of the crude trioxane drawn off in process stage | can pref-
erably be effected in such a way that the crude trioxane is fed to a column in which a
stream comprising low boilers is removed, the column advantageously comprising from 5 to
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The top stream from the trioxane purifying column is preferably fed to a further column in
20  which the bottom stream drawn off is pure water. This column is preferably designed with
from 5 to 50, in particular with from 10 to 30, theoretical plates, and is operated at a top
pressure between 1.0 and 10 bar absolute, preferably at a top pressure between 2.5 and
6.5 bar absolute.

25 The trioxane purifying column and/or the column in which the bottom stream drawn off is
pure water is preferably designed in such a way that the stripping section has from 25 to
100%, preferably from 75 to 100%, more preferably from 90 to 100%, of the total number of
theoretical plates of the column.

30 Advantageously, the side stream from the column in which process stage Il is carried out
and/or a further aqueous stream of the column in which pure water is obtained is fed and/or
the top stream from the column in which pure water is obtained is fed to the column in
which process stage |l is carried out.

35  The further aqueous stream which is fed to the column in which pure trioxane is obtained
preferably does not comprise any components extraneous to the process and preferably
has a water content of at least 10% by weight, in particular of at least 50% by weight.
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ext raneousd{ﬁ t he cess and preferab has a water content of at |east
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the column K Il and a further aqueous side stream 12 are fed to the column K V.
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passéd to a colum K 11l in which low boilers, stream6, are renoved
overhead. The bottom stream 7 fromthe colum K I1Il is fed to a trioxane
Cpurifyi PRHOBASEIASK |V in which, in the preferred enbodi ment shown in the
figure, pure trioxane is drawn off as &he bottom8. The 15 top stream 9
fromthe colum K1V is fed to a further colum KV in which pure water is
dr awn oWhats élaméwist om stream 10, as is a top stream 11 which, in the
preferred enbodi - nent shown in the figure, is recycled into the colum K
1. The aqueous side streamfrom the colum K Il and a further aqueous

si de st teanh bPocese fdredefaning loxané urompfisivig tROfOR6WgOEEse6Rigesh - 8- What s
claimed is 1. A process for preparing trioxane, conprising the follow ng
process stages: 5 - acid-catal yzed reaction of a highly concentrated
aquedus f or negidrentatyeed sactiomaf & hjghly epngenteated equédRs founaltietyida salution (1)

trioxane/f Olh@rleg%yﬂ%/t%bfar in é“tr&ﬂﬁ&f&%ﬁld@ﬁﬁd@?&; ﬁﬁn@%r’éow rocesd! Et%b% ll){, gt hon

of the trioxane/formal dehyde/water m xture (2 cess stage
obtain crude trioxane as the top stream (3) (process stage |1) and 10 -

distillati vednwmbt{up obthd hbxamudﬁnhﬁwaeatéa}mitu@rqurf@ﬁ%(ﬁog)%&@%ﬁglelhl foh one
or nore fur- rocess st s to re tri ne ic

conpri ses 2% n06u S loxes ggg gtre&gw @I(%rg s(séﬁt 9%'?)&”6’%55 stage Il. 15
2. e process according to clal m 1, wherein the side stream (4) drawn off

in process _gtRdevd \Wof ldf fHé' gud% fr oI%r?e M?r%ﬁf&rogg&ogtg% JFid 8né& L%melfufr

wherein the aqueous 5| strea rocess sta

conpri ses fWSﬁPrPGeﬁﬁﬁtQMtB)PbWé" 1 Bwre, t”@@@?é?)&bl y from40 to 80% by wei ght ,
nore preferably from 50 to 80% by wei ght, of water. 4. The process
according to wherein process stage Il is operated in

a col um K‘f"h'%()vﬁ H”Tﬁi‘s ?Y”B‘Fh Q’ba%’(?ot‘ﬁé'G? 'P%'HI(“)dPé’f@?sﬁﬁ@gPé operated at
a ttp pres- 25 sure between 0.05 and 2.50 bar absol ute.

2. The process according to claim 1, wherein the side stream (4) drawn off in process
stage Il is liquid.

3. The process according to claim 1 or 2, wherein the aqueous side stream (4) drawn off
20 in process stage Il comprises from 10 to 90% by weight, preferably from 40 to 80%
by weight, more preferably from 50 to 80% by weight, of water.

4.  The process according to any of claims 1 to 3, wherein process stage Il is operated in
a column K Il which has from 5 to 40 theoretical plates and is operated at a top pres-
25 sure between 0.05 and 2.50 bar absolute.

5.  The process according to claim 4, wherein the column K Il has from 5 to 20 theoreti-
cal plates and is operated at a top pressure between 0.20 and 0.95 bar absolute.

30 6. The process according to any of claims 1 to 5, wherein the side stream (4) from the
column K Il is drawn off from a theoretical plate whose position is between 10% and
90% of the total number of theoretical plates in the column.

7. The process according to any of claims 1 to 6, wherein the reactor (R) in which proc-
35 ess stage | is carried out and the column K Il form one unit, in such a way that the
vapors rising out of the reactor directly enter the column K Il and the liquid effluxing

out of the column directly in to the reactor (R).



5. The process according to claim4, wherein the colum K Il has from5 to
20 theoreti- cal plates and is operated at a top pressure between 0.20 and
. 0. 95 baPF 8Q99epsea36ch 30 6. The process according to any of clainms 1 to 5,
wherein the side stream (4) fromthe -2olum K Il is drawn off froma
theoretical plate whose position is between 10% and 90% of the total
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of clainme 1 to he reactor roc- ess stage | is

carried out 1%y Weightofi thedfead ?WO‘F’Br"r‘FPdh% ’%@FQ’ (R).rpre f?r?'laOva Onlate 1A%
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lquid e
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wher®&in a sumedhil(5) of fromO0.01 to 1% by weight of the feed anpbunt into
the reactor (R), preferably of fromO0.1 to 1.0% by weight of the feed
amount into_the reactor (R), is discharged continuously or batchw se from
the readt or TPRPrIcessAFeNHdipe de @y oé@h?g@S%tps‘B wherdie theotop sream Ghnfometheol - 5

um K I'I. 9colﬁ'||ﬂﬂ K)ﬂ Wfé&&o ARINH Kgllﬁrpwﬁieb{ a@‘treﬁhﬁéGVEor%pﬁQnéloW’ﬂﬁl@F‘é i8 rghe top
stream (3) f col um 11 whi a stream

(6) conpri sm BWrBS?CféP%C?'EmPé(hM'Sdﬂﬂefa adto ﬁont@eerérlmlq{eq 1’"

conp®i si ng ngapebatédatdidpipresseireé betweph 8t lesndfd baeabsdluteng operated at a top
pressure between 0.1 and 5.0 bar absolute. 10. The process according to
claim9, wherein the colum K1 | | has from10 to 30 theo- retical plates
and is d)@erih@arwsaac@pdlpgé@sumQbammtma ®lwmnl K21l 1shdsafrorald®db B0ethed 5 11.

The pr Ocessrei‘lﬁﬁl%éibé‘gna 23 Cfde?ét@@l gt £to eSéMP@Per agweq 5&%?&& Ogsfglﬁo tion of

t he col umm I I has from25 to % pre rom of the
total nunber of theoretical plates of the colum K IIl. 12. The process

accos di mg, t mh@p;oceés at&@rding to tRiM b, orW@ebeélﬁ e .@eﬁfpmgls‘é&ﬂ'&%n the )colhhmn 20

the col um % e%dt trio r ure
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oper ated at platelsmtfmmtsuna lwhich is from0.10 to 10.0 bar higher than the
top pressure of the colum K II.
12.  The process according to any of claims 1 to 11, wherein the bottom stream (7) from
20 the column K Il is fed to a trioxane purifying column K 1V in which pure trioxane is ob-
tained as a side draw or bottom stream (8), and which is operated at a top pressure
which is from 0.10 to 10.0 bar higher than the top pressure of the column K II.

13.  The process according to claim 12, wherein the top stream (9) from the trioxane puri-
25 fying column K IV is fed to a column K V in which the bottom stream (10) drawn off is
pure water, and which has from 5 to 50 theoretical plates and is operated at a top

pressure between 1.0 and 10.0 bar absolute.

14. The process according to claim 13, wherein the column K V has from 10 to 30 theo-
30 retical plates and is operated at a top pressure between 2.5 and 6.5 bar absolute.

15.  The process according to any of claims 12 to 14, wherein the stripping section of the
column K IV and/or of the column K V has from 25 to 100%, preferably from 75 to
100%, more preferably from 90 to 100%, of the total number of theoretical plates of

35 the column.



13. The process according to claim12, wherein the top stream(9) fromthe
trioxane puri- 25 fying colum K IV is fed to a colum K V in which the

. bot t om 8t P®APASPEBGBrh dr awn of f is pure water, and which has from5 to 50
theoretical plates and is operated at-1@-top pressure between 1.0 and 10.0
bar absolute. 14. The process according to claim 13, wherein the colum KV
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35 the colum. PF 0000055963/ Sch -10- 16. The process accordi ng to any of
claiPs 13 to 15, wherein the side stream (4) fromthe colum K11l is fed

to the ggl U'Tﬂe '6r66e§§"%63rdﬁ15% taﬂ? of blafffidh 4 H)esf\&ﬁ’é%% ﬁlsfégbmh&c%meﬁ lﬁf ed to

t he col umm I agueous stream dto e colum K

V. 5 17. Thle 6%&%&‘53&%9@% colimihip wseddrom r\rﬁlw&qa {oettarp strgaBY edrmprisingst ead
of the col uptre thoxdn¥ amdich #d&/stréardlcympii€ifg Parel w dEWrdwn gged from which a
bott om stream conprising pure trioxane and a side stream conprising pure

water are drawn off. 10
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