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I nventi (% 5&%%%8%0 a process for preparing trioxane froma highly
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of acidig catalyst The trioxane is subsequently extracted fromthe
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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
chloride 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 chloride 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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It is accordingly an object of the invention to improve economic viability of the process, i.e.

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 trioxanefformaldehyde/water mixture (process stage I},
- distillation of the trioxane/formaldehyde/water mixture from process stage | to obtain
30 crude trioxane as the top stream (process stage ) and

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

35 which comprises drawing off an aqueous side stream in process stage II.



30, crude trioxane as the top stream (process stage Il) and - distillative
wor kup of the crude trioxane from process stage Il in one or nore further
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In the present context, crude trioxane refers to a stream which comprises trioxane in a pro-

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 eise 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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yield loss by the formation of the form c acid by-product, the trioxane
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stream and the fresh aqueous fornmal dehyde stream each sepa- rately and
nmerely immersed into the trioxane synthesis reactor. The top stream
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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.



The pressure differential between the columm in which process stage Il is
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and the co
signed with from 5 to 20 theoretical plates and being operated at a top pressure between

0.20 and 0.75 bar absolute.

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 I! 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 |l 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 iop 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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stream 7 fromthe colum K IIIl is fed to a trioxane purifying colum K1V in
which, in the preferred enbodi nent shown in the figure, pure trioxane is
drawn of #r gwsookiwezbet t om 8. The 15 top stream 9 fromthe colum K IV is fed
to a further colum KV in which pure-water is drawn off as the bottom
stream 10, as is a top stream 11 which, in the preferred enbodi- nent shown
in the fy vl ycled into the colum K II1. The aqueous side stream
from th‘l’eﬁ(uzg) uc&%ﬁngef% and a further aqueous side stream 12 are fed to the
colum K V. 20 PF 0000055963/ Sch -8- What is clainmed is 1. A process for
prepari ng trA gxRBE8s fof Brapating Roxhie bRIpHSHG R BIARRE ProeddStiged -

aci d-catal yzed reaction of a highly concentrated aqueous fofmnal dehyde
solution (1) in a reactor (R) to obtain a trioxane/formal dehyde/ wat er
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distillative workup of the crude trioxane (3) from process stage Il in one
or nore fur-_ 4% . S ' [ |
conpri ses dra%h&ﬁ‘ét'%# ? FE% %%5%%3@@?!8%“@@%&%’@%&{9”@??ﬁ’é@eé@cg;;%ig@?Il_to 15 2.
The process @uaibcaidegriexaneasithe top stieame(3h (araeessistagedi)ramdm (4) drawn of f in
procfgps stage Il is liquid. 3. The process according to claim1l or 2,
wherein the gcﬂg_eous si de streamﬁéﬁdf?_ drawn off 20 in process stage ||

conpri ses frofstliBtieowersup oY theeirgda triopans &) HBMPreeess sieos b igeps opoledvught,
mor e pref er albyprotess stihydsto BBthirbyuretiigdahe (8 water. 4. The process according
to any of clainms 1 to 3, wherein process stage Il is operated in a colum K
Il which has from5 to 40 theoretical plates and is operated at a top pres-
25 sur e bet wekinh Co@prisasdirawisg ofsan ajusolsiside sbearilid) ip pomess stagedl di ng to
claijg4, wherein the colum K Il has from5 to 20 theoreti-

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 |l 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 [l 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 fo the reactor (R).



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 clains 1 to 5, wherein the
si de st rrradvded9esd/sehm the colum K |1 is drawn off froma theoretical plate
whose position is between 10% and 90%Bef the total nunber of theoretical
plates in the colum. 7. The process accordi ng to any of clainms 1 to 6,
wherei n ¢ he ( r r nd the
col urm K11 #h;%ﬁ(rf‘nrbgc%ses Au%)co d%gi’%eﬁﬂﬁc%msal hdt tfehéﬂ% étréa?n @ dt fl%% 8't5tl tgf t he
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1. 0%5 by weight Kaf. the feed ambunt into the reactor (R), is discharged
conti nuously or batchwise fromthe reactor (R) in which process stage | is
carried out or fromthe col- 5 um K II. 9. The process according to any of
cl ai ns 19.t 0 e wioeess accohuing tpamyt ofecain(s3) id 8 owheram thedbplrstredﬁnl(B) fremfthd to a
colum K 111 | S
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t heo- reti cal ates and is operated at a top pressure between 1.0 and 2.5
bar absol ute. 15 11. The process according to claim9 or 10, wherein the
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stream (7) from 20 the colurm KIIl is fed to a trioxane purifying colum K
|V h t 8
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hi gher than KHehasfop264a 8p%, afef@rﬁalyé@rm%tqdﬁ%, of e totplauptase eshearetiealdi ng
to claim 12, ,xB86einG dolifnrt RM.Stream (9) fromthe trioxane puri -

12. The process according to any of claims 1 to 11, wherein the botiom stream (7} from
20 the column K il is fed to a trioxane purifying column K IV 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 |l.

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 20 to 100%, of the total number of theoretical plates of

35 the column.



25 fying colum KIVis fed to a colum K V in which the bottom stream (10)
drawn off is pure water, and which has from5 to 50 theoretical plates and
i S oper apreshosdssaste pressure between 1.0 and 10.0 bar absolute. 14. The
process according to claim 13, wherei niphe colum K V has from 10 to 30
theo- 30 retical plates and is operated at a top pressure between 2.5 and
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wherein the ¥%ide stream (4) fromthe colum K Il is fed to the coI urm KV
and/ @ the top stream(ll) fromthe col urm KV is fed to the coI um K II
and/ or a,further ueous t he .col
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