-1- Integrated process for preparing trioxane from formal dehyde 5 The
invention relates to an integrated process for preparing trioxane from
formal dehyde. Trioxane is generally prepared by reactive distillation of
aqueous formal dehyde solution in the presence of acidic catalysts. This
affords a m xture conprising trioxane; 1formal dehyde and water as
distillate. The trioxane is subsequently extracted fromthis m xture by 10
extraction w th hal ogenated hydrocarbons such as net hyl ene chloride or
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feed, an aqueous fornmal dehyde solution is then obtained, and, on the side of
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by renoving trioxane fromthe m xture by pervaporation and separating the
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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.

25 DE-A 197 32 291 describes a process for removing trioxane from an aqueous mixture which
consists substantially of trioxane, water and formaidehyde, 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 example, an aqueous mixture consisting of 40% by

30 weight of trioxane, 40% by weight 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 1S passed into a pervaporation unit which comprises a membrane composed of
polydimethylsiloxane with a hydrophobic zeolite. The trioxane-enriched mixture is

35 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.



recycl ed upstream of the pervaporation stage. -2- This procedure is very
costly and inconvenient. The pervaporation unit in particular entails high
capital costs. It is an object of the invention to provide an alternative
process for preparing trioxane from aqueous formal dehyde solution to
obtain pure trioxane. It is a particul@ar object to provide a process which
avoi ds the performance of extraction steps or pervaporation steps for
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b) stream A2 is fed to a first low-pressure distillation column and distilled at a pressure
of from 0.1 to 2.5 bar to obtain a stream Bl enriched in trioxane and additionally
comprising water and formaldehyde, and the recycle stream B2 consisting

20 substantially of formaldehyde and water;

c) stream B1 and a recycle stream D1 comprising trioxane, water and formaldehyde are

fed to a second low-pressure distillation column and distilied at a pressure of from

0.1 to 2.5 bar to obtain a stream Cl comprising predominantly trioxane and

25 additionaliy formaldehyde and water, and a stream C2 consisting substantially of
formaldehyde and water;

d) stream C1 is fed to a high-pressure distillation column and distilled at a pressure of
from 0.2 to 17.5 bar to obtain the recycle stream D1 and a product stream D2
30 consisting substantially of trioxane.

It is known that trioxane, formaldehyde and water form a ternary azeotrope which, at a
pressure of 1 bar, consists of 69% by weight of trioxane, 5% by weight of formaldehyde and
26% by weight of water.

35
According to the invention, the ternary azeotrope is separated by a pressure swing
distillation, by carrying out a first and a second distillation stage at different pressures. In a



distillation, by carrying out a first and a second distillation stage at
different pressures. In a -3- first distillation stage which is operated at
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stream B2 cons1st1ng substantially of water and formaldehyde are fed to a trioxane synthesis
reactor and allowed to react to obtain a product stream A2 comprising trioxane, water and

formaldehyde.

In general, stream Al comprises from 50 to 85% by weight of formaldehyde and from 15 to
25  50% by weight of water.

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.

30 In one embodiment of the process according to the invention, the water/formaldehyde
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 or 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
35  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 reaction column. The trioxane synthesis
may also be carried out in a fixed bed reactor or fluidized bed reactor over a heterogeneous



35 trioxane, formal dehyde and water is then obtained as a vaporous vapor
draw stream of the reactive evaporator or as a top draw stream of the
reaction columm. The trioxane synthesis may also be carried out in a fixed
bed reactor or fluidized bed reactor oyer a heterogeneous -4- catalyst, for
exanpl e an ion exchange resin or zeolite. In a step b) which follows step
a), streamA2 is fed to a first |lowpressure distillation colum and
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20  weight of trioxane.

Preferably, stream B1 is withdrawn as a top draw stream and stream B2 as a bottom draw
streamn from the first low-pressure distillation column. Stream B1 may also be withdrawn as
a side draw stream below the top of the column.

25
Stream B2 is recycled into the trioxane synthesis stage a).

In one embodiment of the process according to the invention, the trioxane synthesis stage a)
and the first low-pressure distillation stage b) are carried out together as a reactive

30 distillation in a reaction column. In the stripping section, this may comprise a fixed catalyst
bed of a heterogencous catalyst. Alternatively, the reactive distillation may also be carried
out in the presence of a homogeneous catalyst, in which case an acidic catalyst is present
together with the water/formaldehyde mixture in the column bottom.

35 In a process step c) which follows step b), stream B1 and a recycle stream D1 comprising
trioxane, water and formaldehyde are fed to a second low-pressure distillation column and

distilled at a pressure of from 0.1 to 2.5 bar to obtain a strearn C1 comprising predominantly



together with the water/formnmal dehyde m xture in the colum bottom 35 In a
process step c¢) which follows step b), stream Bl and a recycle stream D
conprising trioxane, water and fornmal dehyde are fed to a second

| ow- pressure distillation colum and distilled at a pressure of fromO0.1 to
2.5 bar to obtain a stream d conprisrﬁg predom nantly -5- trioxane and
additionally formal dehyde and water, and a stream C2 consi sting
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distillation colum at any point. Préferably, stream Bl i
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distill &bhﬁmdaquamm f@M@wmﬂvei@tha@f,avm as a top draw stream and
strqgmcz as a bottomdraw stream Streans B 1 and D 1 nay al so be conbi ned
and be added as one side feed. 25 The ratio of streans Bl and D is
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20  In principle, streams Bl and D] may be fed to the second low-pressure distillation column
at any point. Preferably, stream B! is fed as a first side feed and stream D1 as a second side
feed to the second low-pressure distillation column, and stream C1 is withdrawn as a top
draw stream and stream C2 as a bottom draw stream. Streams Bl and D1 may also be
combined and be added as one side feed.
25
The ratio of streams B1 and D1 is preferably selected such that, overall, a mixture of from
50 to 70% by weight of trioxane, from 5 to 20% by weight of formaldehyde and from 20 to
45% by weight of water is fed to the second low-pressure distillation column.

30 In astep d) which follows step c), stream C! is fed to a high-pressure distillation column
and distilled at a pressure of from 0.2 to 17.5 bar to obtain the recycle stream D1 and a
product stream D2 consisting substantially of trioxane.

In general, the high-pressure distillation column has from 2 to 50 theoretical plates,

35  preferably from 10 to 50 theoretical plates, the stripping section of this distillation column
comprising generally from 25 to 90%, preferably from 50 to 75% of the theoretical plates of
this column.



and distilled at a pressure of fromO0.2 to 17.5 bar to obtain the recycle
stream D1 and a product stream D2 consisting substantially of trioxane. In
general, the high-pressure distillation colum has from2 to 50 theoretical
plates, 35 preferably from10 to 50 theoretical plates, the stripping
section of this distillation colum C@ﬁprising generally from25 to 90%
preferably from50 to 75% of the theoretical plates of this colum. -6- In
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distillati’on he''s OW pressure distillation stage
and the high-pressure distillation stage, to carry out a | ow boil er renoval
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may also comprise up to 15% by weight, geFr)lerally from to F%0% by welght of low boilers.

Typical low boilers which may be formed in the trioxane synthesis and the subsequent
distillative separation are methyl formate, methylal, dimethoxydimethyl ether, methanol,
formic acid and also further low-boiling hemiacetals and full acetals. To remove these low
boilers, it is optionally possible between the first and the second low-pressure distillation
25 stage, or between the second low-pressure distillation stage and the high-pressure
distillation stage, to carry out a low boiler removal stage. In this case, the low boilers are
removed preferably via the top of a bow 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
30 column comprises preferably from 25 to 90% of the theoretical plates of this column.
Streams Bl and C1 are fed to this low boiler removal column as a side feed, and the stream
B1” or C1’ freed of the low botlers is generally obtained as a bottom draw stream. When the
low boiler removal is carried out, stteam Bl1® and C1’ are fed as stream Bl and ClI
respectively to the downstream second low-pressure distillation column and high-pressure
35  distillation column respectively.

In a preferred embodiment, the process according to the invention additionally comprises



at a pressure of from1l1l to 3 bar. In general, the |low boiler renoval colum
has at least 5 theoretical plates, preferably from15 to 50 theoretical

pl ates. The stripping section of this 30 colum conprises preferably from 25
to 90% of the theoretical plates of this colum. Streans Bl and C are fed
to this | ow boiler removal colum as @’side feed, and the stream B 1' or
C*' freed of the low boilers is generally obtained as a bottom draw stream
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ina pressure distillation colum, in which case an aqueous stream which
consi st Shegbaceamation stgp foan he cairicd Sutissdascricd, fir exmpleolnddi-2 593 2787Guch a
colum may be operated, for exanple, at a pressure of 5.5 bar, a top

ten‘gerature of 147C and a bottomterg)erature of 156C.
0 The concentration f) of the formaldehyde/water mixture may also be carried out in a

pressure distillation column, in which case an aqueous stream which consists substantially
of water is drawn off at the column bottom. Such a column may be operated, for example, at
a pressure of 5.5 bar, a top temperatuse of 147°C and a bottom temperature of 156°C.

25  The further distillation column of step g) is operated at a pressure in the range from 1 to 10
bar, preferably from 2 to 5 bar. This distillation column has generally from 2 to 50
theoretical plates, preferably from 10 to 50 theoretical plates.

Recycle stream G1 comprises generally from 0 to 1% by weight of trioxane, from 40 to 80%

30 by weight of formaldehyde and from 20 to 60% by weight of water. Stream G2 comprises
generally at least 95% by weight, preferably at least 98% by weight and more preferably at
least 99% by weight of water.

In general, feed stream F1 is fed to the concentration unit of step f) as a side feed and
35  recycle stream G1 as a top feed.

In general, stream C1 is fed to the further distillation column of step g) as a side feed and



25 The further distillation colum of step g) is operated at a pressure in
the range from1l to 10 bar, preferably from2 to 5 bar. This distillation
colum has generally from2 to 50 theoretical plates, preferably from10 to
50 theoretical plates. Recycle stream%ﬂ conprises generally fromO to 1% by
wei ght of trioxane, from40 to 80% 30°y wei ght of fornmal dehyde and from 20
to 60% by weight of water. Stream & conprises generally at |east 95% by
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In general, feed stream H1 is fed to the concentration unit as a first side feed and stream C1

20  as a second side feed below the first side feed.

Top or vapor draw stream Al comprises preferably from 50 to 70% by weight of

formaldehyde and from 30 to 50% by weight of water. Bottom draw stream H2 comprises

generally at least 90% by weight, preferably at least 95% by weight and more preferably at
25  least 98% by weight of water.

The invention is 1lustrated in detail by the examples which follow.

Examples
30

Figure 1 shows one embodiment of the process according to the invention.

Feed stream 1 composed of 37% by weight of formaldehyde and 63% by weight of water,
and recycle stream 18 composed of 57% by weight of formaldehyde and 43% by weight of
35 water are fed to the falling-film evaporator 2. Overall, a mixture of 42% by weight of
formaldehyde and 58% by weight of water is thus fed to the falling-film evaporator 2. The
falling-film evaporator 2 is operated at a pressure of 0.1 bar and a temperature of 58°C. The



25 | east 98% by wei ght of water. The invention is illustrated in detail by
the exanples which follow Exanples 30 Figure 1 shows one enbodi nent of the
process according to the invention. Feed stream | conposed of 37% by wei ght
of formal dehyde and 63% by wei ght of ter, and recycle stream 18 conposed
of 57% by wei ght of formal dehyde and 43% by wei ght of 35 water are fed to
the falling-fil mevaporator 2. Overall, a mxture of 42% by wei ght of
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obt ai nedirhw% s@edth 1bWoRaiféd is 2 mixture of 6% by weight of formaldehyde, 24% by weight of

20  water and 70% by weight of trioxane. The bottom draw stream 24 obtained is a mixture of
22% by weight of formaldehyde and 78% by weight of water. The top draw stream 16 is fed
to the high-pressure distillation column 14 with 32 theoretical plates at the height of the 48th
theoretical plate. This column is operated at 5 bar; the bottom temperature is approx. 175°C,
the top temperature approx. 140°C. A bottom draw stream 10 comprising more than 99% by

25  weight of trioxane is obtained.

The bottom draw stream 15 of the second low-pressure distillation column is fed to the
further column 17 with 32 theoretical plates at the height of the 16th theoretical plate, and
the vapor draw stream 4 of the falling-film evaporator 2 at the height of the 16th theoretical

30 plate. This column is likewise operated at a pressure of 5 bar. The bottom temperature is
approx. 152°C, the top temperature approx. 138°C. The bottom draw stream 11 comprises
99% by weight of water. The top draw stream 18 comprises 57% by weight of
formaldehyde and 43% by weight of water, and is recycled in to the falling-film evaporator
2.

35

Figure 2 shows a further embodiment of the process according to the invention.



22% by wei ght of formal dehyde and 78% by wei ght of water. The top draw
stream 16 is fed to the high-pressure distillation colum 14 with 32
theoretical plates at the height of the 48th theoretical plate. This col um
is operated at 5 bar; the bottomtenperature is approx. 175C, the top
tenperature approx. 140C. A bottom draw Stream 10 conprising nore than 99%
by 25 weight of trioxane is obtained. The bottom draw stream 15 of the
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Com:)f)()S ed 18&1 t&e%or/gtpc%l plate. Also fed to the column 12 at the height of the 24th theoretical plate is
the top draw stream 22 of the high-pressure distillation column 23 composed of 10% by
weight of formaldehyde, 33% by weight of water and 57% by weight of trioxane. The
second low-pressure distillation column 21 is operated at a pressure of 0.8 bar; the bottom
temperature is approx. 102°C and the top temperature approx. 85°C. A bottom draw stream
25 15 composed of 23% by weight of formaldehyde and 77% by weight of water, and a top
stream 16 composed of 6% by weight of formaldehyde, 24% by weight of water and 70%
by weight of trioxane are obtained. This stream 16 is fed to the high-pressure distillation
column 14 with 28 theoretical plates at the height of the 18th theoretical plate. The column
14 is operated at a pressure of 4 bar; the bottom temperature is approx. 160°C, the top
30 temperature approx. 133°C. The top draw stream 13 which is recycled into the second low-
pressure distillation column and a bottom draw stream 10 comprising 99.5% by weight of

trioxane are obtained.



wei ght of fornmal dehyde, 43% by wei ght of water and 44% by wei ght of
trioxane, and a bottomdraw stream 9 conposed of 77% by wei ght of

formal dehyde, 22.7% by wei ght of water and 0.3% by wei ght of trioxane are
obtained. The top draw stream 8 is fed to the second |ow pressure
distillation colum 12 with 32 theoretlical plates at the height of the 20
16th theoretical plate. Also fed to the colum 12 at the height of the 24th
theoretical plate is the top draw stream 22 of the high-pressure
distillation colum 23 conposed of 10% by wei ght of fornal dehyde, 33% by
wei ght of water and 57% by wei ght of trioxane. The second |ow pressure
distill aWhetisellimed izl 1S operated at a pressure of 0.8 bar; the bottom
tenperature i s approx. 102C and the top tenperature approx. 85C. A bottom
draw stream 25 15 conposed of 23% by wei ght of formal dehyde and 77% by

wei ght af watAaf integdted profess Sor @adpadibg anonmeefomf fobMaldyhyie] gbinpfifing the

f or mal dehyde, . 24%.by wei ght of water and 70% by weight of trioxane are

obt ai ned. Thisgepgf)?'eam 16 is fed to the high-pressure distillation colum 14
with 28 theoretical plates at the height of the 18th theoretical plate. The
colum 14 is,ope . f . bot ey i s
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from f or mal dehy ddoxangnyyates ayformaldelydeps of . a) a stream Al conprising water
and fornmal dehyde and a recycle stream B2 consisting substantially of water
and formal dehyde are fed to a trjoxane synthesis.reactor and. allowed to
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f or mal dehyde ang)y"@éigﬁt;ofqﬁgxaﬁg.m aining less than 1% by weight of trioxane.
c) stream Bl and-”a fe&cycl e stream D conprising trioxane, water and

c) stream Bl and a recycle stream D1 comprising trioxane, water and
formaldehyde are fed to a second low-pressure distillation column and distilled
at a pressure of from 0.1 to 2.5 bar to obtain a stream Cl comprising
predominantly trioxane and additionally formaldehyde and water, and a stream
C2 consisting substantially of formaldehyde and water; and containing less than
1% by weight of trioxane.

d) stream ClI is fed to a high-pressure distillation column and distilled at a pressure
of from 2,5 to 10 bar to obtain the recycle stream D1 and a product stream D2
consisting substantially of trioxane,

in which a removal of the low boilers present in streams Bl or C1 may be

undertaken between steps b) and ¢) or ¢) and d).
2, The process according to claim 1, wherein the low-pressure distillations b) and c¢) are
carried out at a pressure of from 0.4 to 1.5 bar and the high-pressure distillation d) at

a pressure of from 2.5 to 7 bar.

3. The process according to claim 1 or 2, wherein stream Bl is withdrawn as a top



formal dehyde are fed to a second | ow pressure distillation colum and
distilled at a pressure of fromO0.1 to 2.5 bar to obtain a streamd
conprising predom nantly trioxane and additionally formal dehyde and water,
and a stream C2 consisting substantially of fornmal dehyde and water; and
containing less than 1% by wei ght of-1t¥4oxane. d) streamd is fed to a

hi gh-pressure distillation colum and distilled at a pressure of from2,5

to 10 bar to dhwaitRainhgnd sieasel B2Siy £doubth and ardarDoal det fisaovwpressure
consi sting sucht%glti alib%“g trioxane, in which a renoval of the | ow boilers
present in st lal OB£O may be undertaken between steps b) and c) or c)
and d). 2. The process according to claim1, wherein the | ow pressure
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fromthe first Towpressure distillation e process according
to any of cl &A% sreamm. 4, wherein streamB | is fed as a first side feed and
stream D1 as a second side feed to the second | ow pressure distillation

colum, and stream C is withdrawn as a to raw stream and .st.ream as a
bottom draw Beer%raﬁ?sssi.ccq*wglgpfp&@é@ i@eﬁrhf%g, W er&H&/St@F’“’c{}gi‘ﬁ%edlaSt%s e
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colum, stream D1 ia W t ceg wn as. a éogvsgraw stream and stream D2 as a
bott om dr aw st¥FERANASICHR 23?36"0@?“5 2808 to any of clainms 1 to 5, which
additionally conprises steps f) and g): f) a feed stream Fl conprising
f or mal dehyde d r..ang a.r r . 1 S| f e and
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as a fornal dednddn-rich streamand a | ow fornal dehyde stream Fl is withdrawn
as a bottom top or vapor draw stream ¢g) streamFl and stream C2 are fed to

a further distillation colum and distilled at
a feed stream F1 comprising formaldehyde and water and a recycle stream G1

comprising formaldehyde and water are fed to a formaldehyde concentration
unit, stream Al is withdrawn as a formaldehyde-rich stream and a low-

formaldehyde stream F1 is withdrawn as a bottom, top or vapor draw stream;

g) stream F1 and stream C2 are fed to a further distillation column and distilled at
a pressure of from 1 to 10 bar to obtain the recycle stream G1 and a wastewater
stream G2 consisting substantially of water.

7. The process according to claim 6, wherein stream Al is withdrawn as a
formaldehyde-rich bottom draw stream and stream F1 as a low-formaldehyde top or
vapor draw stream from the formaldehyde concentration unit.

8. The process according to claim 6, wherein the formaldehyde concentration unit in
step f) is a pressure distillation column, and stream F1 is obtained as an aqueous
bottom draw stream.

9. The process according to claim 6, wherein the formaldehyde concentration unit is a
falling-film evaporator.

10.  The process according to claim 6 or 7, wherein feed stream F1 is fed as a side feed
and recycle stream G1 as a side feed to the concentration unit.



a pressure of from1l to 10 bar to obtain the recycle stream GL and a
wast ewater stream & consisting substantially of water. 7. The process
according to claim6, wherein stream A is withdrawn as a fornal dehyde-rich
bottom draw stream and stream Fl as a | ow fornmal dehyde top or vapor draw
stream from the fornal dehyde concentrd8ton unit. 8. The process according to
claim®6, wherein the formal dehyde concentration unit in step 1) is a
pressure distillation colum, and stream F1 i s obtai ned as an aqueous
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f or mal dg]‘r%ydesfggn@ g%ﬁsrgéif Fon™ ntlgt‘:%i”z1 6?1&) ?aﬁgw}%ﬁl %e%#na%%pfgg a %rsﬁaelf?w%ﬁ%
process accorsicag Kbasch aidmféedoo the further distillheenicdumaaandrtcyde sleehmabilassi de
feed and re r i t ' i -13-
15 he pr occsihdiagh AN draduadl R IEWeg (o AREED ik b
side feed and&ameam F2 as a side feed to the further distillation colum,
and recycle streamGL is wthdrawn as a top draw stream and t he wast ewat er
stream & as a bottomdraw stream 12. The process_ accordjng to any of
claims 6% o olheprapess geenrding 9 apy phclaunse tudrveerein digtigigtionyis elfected an 8€Byr e of
from2.5 to 8@k preksure bi€roRi DSeS8 baccording to any of clains 1 to 5, which
additionally conprises step h): h) a feed stream Hl conpri sing fornal dehyde
and water and stream C2 are fed to a formal dehyde concentration unit,
stream Al3.i s T poosd aerding oo amy sl ar-1rtb Gh whichiadditionalppeormiprasys Siepdm and
a wastewater stream H2 consisting substantially of water is obtained as a
bottom draw stream 14. The process according to claim 13, wherein the
f or mal dehyde Ioncfeed sat¢an M lwoniprismgdorthatiéh yalg-ahd hatee angh sreato €2 afkbfed The
process accor di j 14 ' i ta the
concentration uggj{&glg&%ﬁ%@e@{a&énp gigpdﬁgzn é{lﬁ%ﬁ%ﬁ%ﬁ&%@%?ﬂnﬁ%%%«%ﬁg%?@% f eed.
top or vapor draw stream, and a wastewater stream H2 consisting substantially

of water is obtained as a bottom draw stream.

14.  The process according to claim 13, wherein the formaldehyde concentration unit is a

falling-film evaporator.

15. The process according to claim 13 or 14, wherein feed stream H1 is fed to the
concentration unit as a first side feed and stream C1 as a second side feed.



