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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

25 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
the lower end of the column and an about 30% by weight aqueous formaidehyde solution
at the upper end of the column.

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

35 DE-A 197 32 291 describes a process for removing trioxane from an aqueous mixture
which consists substantially of trioxane, water and formaldéhyde, by removing trioxane
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

40 weight of water and 20% by weight of formaldehyde is separated in a first distillation
column under atmospheric pressure' into a waterformaldehyde mixture and into an
azeotropic trioxane/water/formaldehyde mixture. The azeotropic mixture is passed into a
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comprises formaldehyde as the main component and water/trioxane as the
secondary components into a first distillation stage and distilling at a pressure of
from 0.1 to 2.5 bar to obtain a stream 1l which comprises formaldehyde as the
main component and water as the secondary component, and a stream Il which
comprises trioxane as the main compdnent and water and formaldehyde as the
secondary components, and a stream X which comprises water, {rioxane and
formaldehyde,

distilling the stream lll, optionally after removing low boilers from the stream Hll in a
low boiler removal stage, in a second distillation stage at a pressure of from 0.2 to
17.5 bar, the pressure in the second distillation stage being from 0.1 to 15 bar
higher than the pressure in the first distillation stage, to obtain a stream |V which
consists substantially of trioxane and the recycle stream V which comprises
trioxane as the main component and water and formaldehyde as the secondary
components,

feeding the stream X and if appropriate a stream IX which comprises water as the
main cbmponent into a third distillation stage and distilling at a pressure of from 1
to 10 bar to obtain a stream VI which consisis substantially of water and a recycle
stream VII which comprises formaldehyde and water and trioxane.
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removed and a trioxane/formaldehyde/water mixture a lower water content is obtalned
This mixture VIl is recycled into the first distillation column. Preferably, a water-containing
stream IX which'is obtained in the concentration of aqueous formaldehyde solution is
likewise fed into the third distillation column.

25
Suitable distillation columns are any distillation columns such as packed or tray columns.
These may comprise any internals, structured packings or random packings.

The pressure in the second distillation stage is from 0.1 to 15 bar higher than the pressure
30 in the first distillation stage. This pressure differential is preferably from 1.0 to 10 bar,
more preferably from 1.5 to 5 bar.

All pressure data relate to the pressure at the top of the particular column.

35 The first distillation stage is carried out at a pressure of from 0.1 to 2.5 bar, preferably
from 0.25 to 1.5 bar. The first distillation stage is generally carried out in a distillation
column having at least 2, preferably from 2 to 50, more preferably from 4 to 25, theoretical
plates. In general, the stripping section of this column includes at least 25%, preferably
from 50 to 90%, of the theoretical plates of this column.

40
The feed stream | generally comprises from 40 to 80% by weight of formaldehyde, from
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of the first distillation colum, conprises water, 15 fornmal dehyde and
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[

e The streams [, lll, V and VI may also comprise up to 15% by weight of low boilers. Typical
low boilers which can be formed in the frioxane synthesis and the subsequent distillative
separation are methyl formate, methylal, dimethoxydimethyl ether, methanol, formic acid,
and also further hemiacetals and full acetals. To remove these low boilers, a low boiler

25 removal stage may optionally be carried out between the first and the second distillation
stage. In this case, the low boilers are preferably removed via the top of a low boiler
removal column which is generally operated at a pressure of from 0.1 to 5 bar, preferably
at a pressure of from 1.0 to 2.5 bar. In general, the low boiler removal column has at least
2 theoretical plates, preferably from 15 to 50 theoretical plates. The stripping section of

30 this column generally includes from 25 to 90%, preferably from 50 to 75%, of the
theoretical plates of this column. The content of the components having a lower boiling
point than trioxane in the bottom effluent of the low boiler removal column is generally less
than 5% by weight, preferably less than 2.5% by weight, more preferably less than 1.5%
by weight.

35
In general, a low boiler removal is carried out.

The stream lli is separated in a second distillation stage at a pressure of from 0.2 to
17.5 bar into a stream IV composed of substantially pure trioxane and a stream V which
40 comprises trioxane, as the main component and additionally water and formaldehyde.
This second distillation stage is preferably carried out at from 2.5 to 10 bar. In general, this
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obtained if appropriate as a vapor draw stream of a formaldehyde concentration unit
which is. designed as an evaporator and comprises, for example, from 70 to 97% by
weight of water and from 3 to 30% by weight of formaldehyde. Preference is given to
carrying out the third distillation stage at a pressure of from 2.5 to 8 bar. In general, the
25 third distillation stage is carried out in a distillation column having at least two theoretical
plates, preferably from 10 to 50 theoretical plates, and the water stream VI is obtained as
a bottom draw stream or as a side draw stream from the column and the recycle stream
VIl as a top draw stream. The stream X is preferably added in the upper region of the
column, for example in the region of the uppermost third of the theoretical plates of the
30  column, and the stream [X in-the middle region of the column, for example in the region of
the middle third of the theoretical plates of the column.

The water stream VI preferably consists of more than 95% by weight, more preferably of
more than 97% by weight, of water. For example, the stream Vl'comprises from 98 to

35 100% by weight of water, from 0 to 1% by weight of formaldehyde and from 0 to 1% by
weight of secondary components.

The stream VIl comprises, for example, from 10 to 55% by weight of formaldehyde, from 5
to 50% by weight of water and from 5 to 55% by weight of trioxane.

40
The stream VIl may be partly or fully recycled upstream of the first distillation stage;
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In a further embodiment of the process according to the invention, the trioxane synthesis
stage and the first distillation stage are carried out as a reactive distillation in one reaction

25 column. This may comprise a fixed catalyst bed of a heterogeneous acidic catalyst in the
stripping section. Alternatively, the reactive distillation may also be carried out in the
presence of a homogeneous catalyst, in which case the acidic catalyst is present in the
column bottom together with the aqueous formaldehyde solution.

30 In general, the aqueous formaldehyde solution which is fed to the trioxane synthesis stage
comprises from 30 to 85% by weight of formaldehyde and from 15 to 70% by weight of
water. This solution may be obtained in a preceding concentration step from an aqueous
formaldehyde solution having low formaldehyde concentration. The concentration step
may be carried out, for example, in an evaporator, preferab'ly a falling-film evaporator.

35
The preceding concentration step may be carried out, for example, as described in DE-A
199 25 870.

In one embodiment of the process according to the invention, a stream Vil of an agueous
40 formaldehyde solution is concentrated in an evaporator, preferably a falling-film
evaporator, to obtain the stream XI| consisting of aqueous formaldehyde solution having a



preference is given to recycling it substantially fully in the first
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may be C%rmaﬁ:%h%g-ricﬂ Qﬁumr@Iﬁibn?%héj%fé? ii&?e% \ivﬁ'h % érmaldehyde-rich bottom
draw stream 8 (stream Il} of the first distillation column 7 to the trioxane synthesis reactor
5 which is configured as an evaporator. The vaporous trioxane/fformaldehyde/water
25 mixture 6 (stream I) leaving the trioxane synthesis reactor is fed to the bottom of the first
distillation column 7. The trioxane-rich top draw stream 15 (stream VII) of the third
distillation column 13 is fed to the distillation column 7 close to the top of the column. A
formaldehyde/water stream 8 (steam il) is withdrawn from the distillation column 7 as
bottom draw stream, a low-water formaldehyde/water/trioxane stream 9:(stream Ill) as a
30  top draw stream and a water-tich formaldehyde/water/trioxane stream 16 asfajl side draw
stream. Stream 8 is recycled into the reactor 5 together with the stream 4 The low-water
formaldehyde/water/trioxane stream 9 is fed to the distillation column 10 an:d, separated
there into a bottom draw stream 11 (stream IV) composed substantially. of pure trioxane
and a top draw stream 12 (stream V) which comprises predominahtly trioxane and
35 additionally water and formaldehyde. The stream 12 is recycled into the first distillation
column. The water-rich formaldehyde/water/trioxane steam 16 and the low-formaldehyde
aqueous vapor draw stream 3 (stream IX) of the evaporator 2 are fed to the third
distillation column and separated there into a stream 14 (stream V) which consists
substantially of water and is discharged, and the recycle stream 15 (%stream' V1) which

40 comprises predominantly formaldehyde and additionally water and trioxane.

neous



199 25 870. In one enbodi nent of the process according to the invention, a
stream VIl of an aqueous 40 fornmal dehyde solution is concentrated in an
evaporator, preferably a falling-film evaporator, to obtain the stream Xl
consi sti Plgodﬁpogﬁxﬂl gus formal dehyde sol ution having a PF 0000058812l Sch -7-
.hi gher formal dehyde concentration. The vapor draw stream of the evaporator
which is highly depleted in fornal deﬁ;?de is fed into the third distillation
stage as the aqueous streamIX. Stream VIII conprises, for exanple, from 40
‘to 60% bgxugbiht of fornmal dehyde and from 40 to 60% by wei ght of water. The
concentrated stream Xl conprises, for 5 exanple, from55 to 80% by wei ght of
formal dehyde and from 20 to 45% by wei ght of water. The | ow fornal dehyde
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reactor 5 which is configured as an evaporator. The vaporous

tri oxane/ f ormal dehyde/ water 25 mxture 6 (streaml) |eaving the trioxane
synthesis reactor is fed to the bottomof the first distillation colum 7.
The trioxane-rich top draw stream 15 (stream VI1) of the third distillation
colum 13 is fed to the distillation colum 7 close to the top of the
colum. A fornmal dehyde/water stream 8 (steamll) is withdrawn fromthe
distillation colum 7 as bottomdraw stream a | ow water

f ormal dehyde/water/tri oxane stream9 (streamlll) as a



30 top draw stream and a water-rich formal dehyde/ water/tri oxane stream 16 as
a side draw stream Stream8 is recycled into the reactor 5 together with

t he strengﬁ‘ﬁRN%é wwat er formal dehyde/ water/tri oxane stream9 is fed to
the disti PIOH cOlum 10 and separated there into a bottomdraw stream 11
(stream 1V) conposed substantially of'ﬁure trioxane and a top draw stream
12 (stream V) which conprises predom nantly trioxane and 35 additionally

wat er and formal dehyde. The stream 12 is recycled into the first
distillation colum. The water-rich forml dehyde/water/trioxane steam 16
and t he| B8&Por mal dehydé agqPeolisiVapoi2dfad strhn 31Fstr&&n{1X) of the
evaporafior 2 are fed 1q)(l)h(= Qi 1 divydi sed) | | gtxdyon vql Jr(r\nll)md()ge:)ar ated there
into a $t A strean Vi) whichy, congis S anti gl fAfwater and is
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pr edoni h&®Mly fornaldehyde and addit{onal |y water apd tr|oxane. PF

00000588 Farnngiiehydle Examslee | | ®5t he<thearned | qal3 $1eml atspeen| ab 7t he process
|IIustra%Adg§ he figure, [streams 4/ 9, 11, 1P, 3,| 14, |15 apd 16 of the
conposi i réportedlin the tables re obtaiped. The followmng 5

par anet ¢MWataker e sel ecl @§:0 {1R3.5 { rsfl 1i28i7 | B4 prr 3 8§8.6 53B& (i ed out at a
pressuretgﬂqu] bar in a cplum|7 haying 10 theoretical plates. The refl ux

ratio i $ tHhe—toprtepperatuire —SC anpt—the{bottpmtefperaiure 94C. The
second dirEPXaati on stade <0 mih| &0 bt % p es$GPE 024 O bar in a
col um 1(@%Hywitdg 40 theoretical |plates. The reflux ratiolis 0|5, the top
t enperattlre 1I46C and tThe bottomtenperature 181 C. The feed i s disposed
at the 10 height of the 35th theoretical plate. The third distillation stage
is carried out at a pressure of 6.0 bar in a colum 13 having 10
theoretical plates. The reflux ratiois 1.5, the top tenperature 146C and
the bottomtenperature 160C. The feed 3 is disposed at the height of the
8th theoretical plate. PF 0000058812/Sch -9 Stream4 9 11 12 3 14 15 16
(XI) (rer)y (1rvy (VM (1x) (M) (M1) (X) Mass flowrate 4.1 11.9 3 9.0 2.0
.1 8.3 9.5 [kg/h] Formal dehyde 65.0 8.5 < 1 11.3 15.3 <1 52.2 42.7
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[Yoby wt.] Water 35.0 21.5 <1 28.7 84.7 > 99 22.6 35.2 [%by wt.] Trioxane
0 70.0 > 99 60.0 0 0 25.2 22.1 [%by w.] PF 0000058812/ Sch -10- Renoval of
tri OxanePHo%as@mEfsi |g)xane/formal dehyde/water m xture by means of _
pressure-sw ng rectification Claims 5 1. A process for renoving trioxane
froma use stream| of formal dehyde, 1t vxane and water, by a) providing a
use stream | which conprises formal dehyde as the main 10 conponent and
trioxane r cgn gﬁ@] ead) sty eam |,
a recycl ga@rv %ﬁ%?s}”g’?faﬁge'r'g@ gl fem:'rsxiép ggm Pgmeéﬁhe&oﬁp%{]%ewﬁﬁdéﬂyde as
the nai nPEESFHEEWINGERGHHEYR™ and tri oxane as the secondary conponents into

a first distillation stage and distilling at a 15 pressure of fromO0.1 to
2.5 bar pyigetain a stream Il which conprises fornal dehyde as the main
conponent and water as the secondary conponent, and a stream Il which

conprYses trioxane as the main conponent and water and fornmal dehyde as the
secondar ¥. conAgnectss for ramdviag $foxeastrdmad usdsteezmp | osfeamaldélerde, triokaneaared and

f or mal dehyde, , Q-rct)y distilling the stream 11, optionally after renoving | ow
boilers fromthe stream IIl in a |low boiler renoval stage, in a second
distillation stage at a pressure of fromO0.2 to 17.5 bar, the pressure in

t he second dia}il | priovidingstagee Breag | fwhioh Gorhptisesl forimaldehydihais theamairhe

pressyre i 1he 11 astedcl bd Gblab §1e0Re LorRSAIEPomabirln |V Wi cr

consi sts substant trioxane and the recycle strea ch conpri ses
trioxane as the main conponent and water and fornal dehyde as the secondary
conponent s, dp) f eefdedingiiireuss stesam Kaaacdydd stegapn Uandat ecycls siresamvViivhigh ch

conprises water  comprises formaldehyde as the main component and water and trioxane as
the secondary components into a first distillation stage and distiling at a
15 pressure of from 0.1 to 2.5 bar to obtain a stream Il which comprises
formaldehyde as the main component and water as the secondary
component, and a stream Il which comprises trioxane as the main
component and water and formaldehyde as the secondary components,
and a stream X which comprises water, trioxane and formaldehyde,
20
c) distilling the stream lll, optionally after removing low boilers from the stream
lll in a low boiler removal stage, in a second distillation stage at a pressure
of from 0.2 to 17.5 bar, the pressure in the second distiliation stage being
from 0.1 to 15 bar higher than the pressure in the first distillation stage, to
25 obtain a stream IV which consists substantially of trioxane and the recycle
stream V which comprises trioxane as the main component and water and
formaldehyde as the secondary components,

d) feeding the stream X and if appropriate a stream IX which comprises water
30 as the main component into a third distillation stage and distilling at a
pressure of from 1 to 10bar to obtain a stream VI which consists
substantially of water and a recycle stream VIl which comprises
formaldehyde as the main component and water and trioxane as the
secondary components.
35
2. The process according to claim 1, wherein the pressure in the second distillation
stage is from 1.0 to 10 bar higher than the pressure in the first distillation stage.

3. The process according to claim 1 or 2, wherein the first distillation stage is carried
40 out at a pressure of from 0.25 to 1.5 bar.



30 as the main conponent into a third distillation stage and distilling at a
pressure of from1 to 10 bar to obtain a stream VI which consists

subst ant ter and a recycle stream VIl which conprises
,fornaldeﬁﬁ%%¥3§£%ﬁQ1nain conponent and water and trioxane as the secondary
conponents. 35 2. The process accordrﬂd'to claim1l1, wherein the pressure in
the second distillation stage is from1.0 to 10 bar higher than the
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1 or 2, wherein the firs ation d@gels carrie
pressure of f‘faé'i’r‘?cbmf@t?é’rq_ssﬂreo%f fronpg. 53888 121Sch -11- 4. The process
according to any of clains 1 to 3, wherein the third distillation stage is
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theoretical = AbRESHAME iR alsfitdin diddel b ?ﬁm,mﬁd@ﬁ%ﬂgﬂ cBlufhrf Rbvih g Rkt | ati on

col um havi ng | east eoreti cal at es e process according
to claimb5, V\W@ra?‘?fe{'??ép §5 ppi ng section of the second distillation colum
has from50 to 75% of the nunber of theoretical plates of this colum. 7.
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formate, net hgdlmhn di nmet hoxydi net hyl et her and net hanol are renoved from
t he stream I 1. 8. The process according to cI aim7, vvherei n the Iow boi | er

renoval ried out at 20 pressyre of i n

Gt 1l afs on it BiprSrsastiaging O abdl AR 40 & WBRTSM BiIGY DSIETgoMoM StSe os
accotdi ng to nsaroéd obbevebntthe Sirstcarat thet ee¢anelddibijiiatitre stagle] awiwhich low
conposi tion ofiktd eadlBetbd VibnANg ¥rouf® consisting of methyl formate, methylal,

dimethoxydimethyl ether and methanol are removed from the stream |11

8. The process according to claim 7, wherein the low boiler removal is carried out at a
20 pressure of from 0.1 to 5.0 bar in a distillation column having at least 2 theoretical
plates.
9. The process according to any of claims 1 to 8, characterized by the following
composition of streams -Vl and X:
25
stream I from 40 to 80% by weight of formaldehyde, from 20 to 59% by
weight of water, from 1 to 30% by weight of trioxane;
stream 1 from 55 to 85% by weight of formaldehyde, 15 1o 45% by weight of
30 water, 0 1o 5% by weight of trioxane;
stream IlI: from 3 to 20% by weight of formaldehyde, 10 to 30% by weight of
water, 60 to 75% by weight of trioxane;
35 stream IV:  from 95 to 100% by weight of trioxane, 0 to 5% by weight of water
and secondary components;
stream V: from 5 to 20% by weight of formaldehyde, 15 to 35% by weight of
water, 50 to 75% by weight of trioxane;
40

siream Vi:  from 0 to 1% by weight of formaldehyde, 99 to 100% by weight of




streaml: from40 to 80% by wei ght. of fornmal dehyde, from 20 to 59% by

wei ght of water, from1 to 30% by wei ght of trioxane; streamll: fromb55 to
85% by V\@g@p& %q{ mal dehyde, 15 to 45% by weight of 30 water, 0 to 5% by
wei ght of BAHE stream I11: from3 to 20% by wei ght of for rral dehyde, 10

to 30% by weight of water, 60 to 75%M®/ wei ght of trioxane; 35 stream|V:
from95 to 100% by wei ght of trioxane, 0 to 5% by wei ght of water and
-secondary conponents; g%étglamv from5 to 20% by wei ght of fornal dehyde, 15
to 35% by wei ght of 50 to 75% by wei ght of trioxane; 40 stream VI:
fromO to 1% by weji ght of formal dehyde, 99 to 100% by wei ght of PF
0000058812/ ScHreampV g feam 18tp S5 W weight eifarmajdehieg, ip %@ oyt weight of

formal dehyde, 5 to 50%vmtensitgB6%aly waightedst iridxahe, 55% by wei ght of tri oxane,
5 stream X: from10 to 50% by wei ght of fornal dehyde 10 to 50% by wei ght of
water, 3 to 40%by wei ght of trioxane. and the st V and VII may

al so Tonpri sestigant ¥ 150495y 10 A% by weight Ofbf@Tm%'ﬁghﬁ’@I’ é@tt‘ééo%rW?'EBt ofr oup

consi sting of nethyl fosatat, S todotdtyl weight di@rickanet hoxydi met hyl et her and
met hanol . 10. A process for preparing trioxane from an aqueous fornal dehyde

solution, by feeding a stream Xl of an aqueous fornal dehyde of a trioxane
synt hesi s st oYY WEPtreansletlti\hgnd Viumas alsecsnrriseoiiia 1%(?sbyt weight aff g%t he
stream |, andodileroviengtdd i feoranehe lgrolip OsvIdistingt ot amethybyforinatepr arerssal,

accoygling to The process according to claim 10,
wherfa(lgn t he s ﬁ‘égﬁwh?{sﬁ%%g%%ﬂe@m t:nénmola stream VIl from an aqueous

f or mal dehyde sol ution of | ow fornal dehyde concentration by concentrating in
an evapot@t or A ptOcdsa. fof hSrepdringe Bidxane droth 2@ Aquadiugi formdidenytier sblntidrebyst r eam
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converting it under acidic conditions to obtain the stream |, and removing trioxane
15 from the stream | by the process according to any of claims 1 to 9.

11.  The process according to claim 10, wherein the stream Xl is obtained from a
stream VIil from an aqueous formaldehyde solution of low formaldehyde
concentration by concentrating in an evaporator.

20

12.  The process according to cfaim 11, wherein the stream IX is the formaldehyde-

depleted vapor draw stream of the evaporator.




