
PF 0000055963/Sch As originally filed  Preparation of trioxane 5 The
invention relates to a process for preparing trioxane from a highly
concentrated aque- ous formaldehyde solution. Trioxane is generally prepared
by reactive distillation of aqueous formaldehyde solution in  the presence
of acidic catalysts. The trioxane is subsequently extracted from the
distillate  10 comprising formaldehyde and water in addition to trioxane
using halogenated hydrocarbons such as methylene chloride or
1,2-dichloroethane, or other water-immiscible solvents.  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 15 extraction zone consisting of two subzones is charged at one
end with a customary  organic, virtually water-immiscible extractant for
trioxane, and at the other end with water.  Between the two subzones, the
distillate of 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 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 IT 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 PF 0000055963/Sch -2-
of water and 20% by weight of formaldehyde is separated in a first
distillation column under  standard pressure into a water/formaldehyde
mixture and into an azeotropic  trioxane/water/formaldehyde mixture. The
azeotropic mixture is passed into a  pervaporation unit which comprises a
membrane composed of polydimethylsiloxane with a 5 hydrophobic zeolite. The
trioxane-enriched mixture is separated in a second distillation  column
under standard pressure into trioxane and, in turn, into an azeotropic
mixture of  trioxane, water and formaldehyde. This azeotropic mixture is
recycled upstream of the  pervaporation stage. 10 A disadvantage of this
procedure is the very high capital costs for the pervaporation unit.  The
German patent application DE 103 61 516.4, unpublished at the priority date
of the  present application, discloses a process for distillatively removing
trioxane from triox- ane/formaldehyde/water mixtures which does not need
extraction or pervaporation steps. 15 However, the process requires a plant
with three distillation columns for the removal of  pure dioxane and pure
water from the product mixture from a trioxane synthesis reactor. 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 trioxane/formaldehyde/water
mixture (process stage 1), - distillation of the trioxane/formaldehyde/water
mixture from process stage I to obtain  



30 crude trioxane as the top stream (process stage II) and - distillative
workup of the crude trioxane from process stage II in one or more further
process stages to obtain pure trioxane, 35 which comprises drawing off an
aqueous side stream in process stage II. PF 0000055963/Sch -3- It has been
found that drawing off an aqueous side stream from the distillation column
in  which the trioxane/formaldehyde/water mixture is removed distillatively
from the acid- catalyzed reaction makes possible an operating mode of the
distillation column in which the  top stream drawn off is crude trioxane
which has approximately the composition of the ter 5 nary
trioxane/formaldehyde/water azeotrope at the top pressure of the column and
which is  the most economically viable starting basis for the further
distillative workup. Process stage I, the reaction of a highly concentrated
aqueous formaldehyde solution in a  reactor to obtain a
trioxane/formaldehydelwater mixture is carried out in a known manner,  10
i.e. under homogeneous or heterogeneous acidic catalysis. The catalysts used
are fre quently sulfuric acid, methanesulfonic acid, p-toluenesulfonic acid,
generally in a concen- tration of from 5 to 15% by weight, based on the
total weight of the aqueous formaldehyde  solution, or an equivalent amount
of ionic exchange resins or zeolites. 15 In the present context, highly
concentrated refers to an aqueous formaldehyde solution  which comprises at
least 55% by weight of formaldehyde, or at least 65% by weight of for-
maldehyde or else 75% by weight of formaldehyde. 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 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. PF 0000055963/Sch -4- In order to restrict the
yield loss by the formation of the formic acid by-product, the trioxane
synthesis reactor is operated preferably at residence times below 30
minutes, more pref- erably below 15 minutes. 5 To this end, the highly
concentrated aqueous formaldehyde solution in particular fed to the
trioxane synthesis reactor via a forced-circulation flash evaporator. From
the upper region of the trioxane synthesis reactor, a gaseous stream
comprising tri- oxane, formaldehyde and water is drawn off. The composition
of the gaseous stream from  10 the trioxane synthesis reactor corresponds
generally to from 1 to 25% by weight of triox ane, from 50 to 80% by weight
of formaldehyde and from 10 to 25% by weight of water. The gaseous stream
from the trioxane synthesis reactor is, preferably via a control valve,
decompressed into the downstream column in which the
trioxane/formaldehyde/water mix- 15 ture is separated in process stage II
into a top stream comprising crude trioxane and a bot- tom stream which is
preferably recycled into the trioxane synthesis reactor. This circulation
stream is mixed with the freshly fed highly concentrated formaldehyde solu-
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 II 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.
PF 0000055963/Sch -5- The composition of the crude trioxane drawn off as the
top stream in process stage II is  determined in such a way that it
corresponds to the composition of the ternary triox- ane/formaldehyde/water
azeotrope at the top pressure of the column because this is the  most
economically viable starting basis for the further distillative workup. 5
According to the invention, an aqueous side stream is drawn off in process
stage II, pref- erably in liquid form. The aqueous side stream comprises
advantageously from 10 to 90% by weight, preferably  10 from 40 to 80% by
weight, more preferably from 50 to 80% by weight, of water. Process stage II
is carried out advantageously in a column which has from 5 to 40 theoreti-
cal plates and is operated at a top pressure between 0.05 and 2.50 bar
absolute. 15 Preference is further given to the column in which process
stage II is carried out being de- 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 II 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 I is carried out
and the column in which  



process stage II 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 I is carried out or from the column in which process
stage II is carried  out. 35 The further distillative workup of the crude
trioxane drawn off in process stage I 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 PF
0000055963/Sch -6- 50 theoretical plates and being operated at a top
pressure between 0.1 and 5 bar absolute.  Preference is further given to the
column for the removal of the low boilers being designed  with from 10 to 30
theoretical plates and being operated at a top pressure between 1.0 and  2.5
bar absolute. 5 In the present context, low boilers refer to substances
whose boiling point is below the boil- ing point of pure trioxane; these are
in particular methylal, methanol and methyl formate.  The column in which
the low boilers are removed is preferably designed in such a way that 10 the
rectifying section thereof has from 25 to 95%, preferably from 50 to 75%, of
the total  number of theoretical plates of the column. The bottom stream
from the column from which the low boilers are drawn off is fed to a
trioxane purifying column in which pure trioxane is obtained as a side draw
or as a bottom  15 stream. The trioxane purifying column is preferably
operated at a top pressure which is from 0.10 to 10.0 bar higher than the
top pressure of the column in which process stage II  is carried out. 



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 II 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 II 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. PF 0000055963/Sch -7- Advantageously, instead of the trioxane
purifying column and the column in which pure  water is obtained, a dividing
wall column may be used in which a bottom stream comprising  pure trioxane
and a side stream comprising pure water are drawn off. 5 The invention is
illustrated in detail hereinbelow with reference to a drawing. Figure 1
shows the schematic representation of a preferred plant according to the
inven- tion. A highly concentrated aqueous formaldehyde solution, stream 1,
is fed to a reactor R  to obtain a trioxane/formaldehyde/water mixture,
stream 2. Stream 2 is separated in a col- umn K II into a crude trioxane top
stream 3 and an aqueous side stream 4. 10 The top stream 3 is partly
introduced back to the column K II as ref lux and otherwise  passed to a
column K III in which low boilers, stream 6, are removed overhead. The
bottom  



stream 7 from the column K III is fed to a trioxane purifying column K IV in
which, in the  preferred embodiment shown in the figure, pure trioxane is
drawn off as the bottom 8. The 15 top stream 9 from the column K IV is fed
to a further column K V in which pure water is  drawn off as the bottom
stream 10, as is a top stream 11 which, in the preferred embodi- ment shown
in the figure, is recycled into the column K II. The aqueous side stream
from  the column K II and a further aqueous side stream 12 are fed to the
column K V. 20 PF 0000055963/Sch -8- What is claimed is 1. A process for
preparing trioxane, comprising the following process stages: 5 -
acid-catalyzed reaction of a highly concentrated aqueous formaldehyde
solution (1)  in a reactor (R) to obtain a trioxane/formaldehyde/water
mixture (2) (process stage I),  - distillation of the
trioxane/formaldehyde/water mixture (2) from process stage I to  obtain
crude trioxane as the top stream (3) (process stage II) and 10 -
distillative workup of the crude trioxane (3) from process stage II in one
or more fur- ther process stages to obtain pure trioxane (8), which
comprises drawing off an aqueous side stream (4) in process stage II.  15 2.
The process according to claim 1, wherein the side stream (4) drawn off in
process  stage II is liquid. 3. The process according to claim 1 or 2,
wherein the aqueous side stream (4) drawn off  20 in process stage II
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 II is operated in  a column K
II 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 II 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 II 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 I is carried out and the
column K II form one unit, in such a way that the  vapors rising out of the
reactor directly enter the column K II and the liquid effluxing  out of the
column directly in to the reactor (R). PF 0000055963/Sch -9- 8. The process
according to any of claims 1 to 7, wherein a stream (5) of from 0.01 to  1%
by weight of the feed amount into the reactor (R), preferably of from 0.1 to
1.0%  by weight of the feed amount into the reactor (R), is discharged
continuously or  batchwise from the reactor (R) in which process stage I is
carried out or from the col- 5 umn K II. 9. The process according to any of
claims 1 to 8, wherein the top stream (3) from the  column K II is fed to a
column K III in which a stream (6) comprising low boilers is re- moved
overhead, the column K III comprising from 5 to 50 theoretical plates and
be- 10 ing operated at a top pressure between 0.1 and 5.0 bar absolute. 10.
The process according to claim 9, wherein the column K III has from 10 to 30
theo- retical plates and is operated at a top pressure between 1.0 and 2.5
bar absolute. 15 11. The process according to claim 9 or 10, wherein the
rectifying section of the column  K III has from 25 to 95%, preferably from
50 to 75%, of the total number of theoretical  plates of the column K Ill.
12. The process according to any of claims 1 to 11, wherein the bottom
stream (7) from  20 the column K Ill 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 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. PF
0000055963/Sch -10- 16. The process according to any of claims 13 to 15,
wherein the side stream (4) from the  column K II is fed to the column K V
and/or the top stream (11) from the column K V  is fed to the column K II
and/or a further aqueous stream (12) is fed to the column K  V. 5 17. The
process according to any of claims 12 to 16, wherein, instead of the columns
K  IV and K V, a dividing wall column is used from which a bottom stream
comprising  pure trioxane and a side stream comprising pure water are drawn
off. 10  II 


