PF 0000058055/ Sch As originally filed Integrated process for preparing
trioxane from fornmal dehyde 5 The invention relates to an integrated process
for prepakigh@oishiseane from formal dehyde. Trioxane is generally prepared by
reactive distillation of aqueous fornalidehyde solution in the presence of
acidic catalysts. This affords a m xture conprising trioxane, forml dehyde
and water as distillate. The trioxane is subsequently extracted fromthis
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this process, an 15 extraction zone consisting of two subzones is charged
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Some of the extractants used are hazardous substances (T or T+ substances in the con-
text of the German Hazardous Substances Regulations}, 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 formaldehyde, by removing trioxane
from the mixture by pervaporation and separating the trioxane-enriched permeate by recti-
fication into pure trioxane on the one hand and an azeotropic mixture of trioxane, water

30 and formaldehyde on the other. in one example, an aqueous mixture consisting of 40% by
weight of trioxane, 40% by weight of water and 20% by weight of formaldehyde is sepa-
rated in a first distillation column under standard pressure into a water/fformaldehyde mix-
ture and into an azeotropic trioxane/water/formaldehyde mixture. The azeotropic mixture
is passed into a pervaporation unit which comprises a membrane composed of polydi-

35 methylsiloxane with a 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 recy-
cled upstream of the pervaporation stage.

40 This procedure is very costly and inconvenient. The pervaporation unit in particular entails
high capital costs.



second distillation colum under standard pressure into trioxane and, in
turn, into an azeotropic mxture of trioxane, water and forml dehyde. This
azeot r oppeodbboskets@ch S recy- cled upstream of the pervaporation stage. 40
This procedure is very costly and incogvenient. The pervaporation unit in
particular entails high capital costs. PF 0000058055/Sch -2- It is an
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20 predominantly water and additionally formaldehyde and trioxane as a side draw
stream;

¢) feeding the bottom draw stream B2 and, if appropriate, the stream A2 to a trioxane
synthesis reactor and allowing them to react to ¢btain the stream C1 comprising tri-
25 oxane, water and formaldehyde;

d) feeding the stream B1 to a medium-pressure distillation column and distilling at a
pressure of from 1.0 to 4.0 bar to obtain a low boiler stream D1 comprising metha-
nol, methylal and methyl formate, and a stream D2 comprising predominantly triox-

30 ane and additionally formaldehyde and water,;

e} feeding the stream D2 to a high-pressure distillation column and distilling at a pres-
sure of from 2.0 to 10.0 bar to obtain the recycle stream E1 comprising trioxane and
water, and a product stream E2 consisting essentially of trioxane;

35

the stream A2 being fed either to the low-pressure distillation column or to the trioxane

synthesis reactor or to both.

"Consisting essentially of" is intended hereinbefore and hereinafter to mean that the
40 stream in question consists of at least 80% by weight, preferably of at least 90% by
weight, of the components mentioned. "Predominantly comprising” is intended to mean
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Useful high-pressure, medium-pressure and low-pressure distillation columns include any
distillation columns, such as columns with random packing or structured packing. The
distillation columns may comprise any internals, structured packings or random packings.
Hereinafter, all pressure data relate to the pressure at the top of the column in question.

25
In a first process step a), a feed stream A1 comprising formaldehyde and water and a
recycle stream B3 comprising predominantly water and additionally formaldehyde and
trioxane are fed to a formaldehyde concentration unit and separated into a formaldehyde-
containing stream A2 and a stream A3 consisting essentially of water.

30
In general, the feed stream A1 comprises from 20 to 65% by weight of formaldehyde and
from 35 to 80% by weight of water. The recycle stream B3 comprises generally from 15 to
70% by weight of water, from 10 to 50% by weight of formaldehyde and from 1 to 30% by
weight of trioxane. The formaldehyde-rich stream A2 comprises generally from 45 to 75%

35 by weight of formaldehyde, from 20 to 55% by weight of water and from 0.1 to 15% by
weight of trioxane. The stream A3 consisting essentially of water comprises generally from
80 to 100% by weight of water and additionally also small amounts of formaldehyde and
formic acid and other components typically formed in the trioxane synthesis, for example
dimethoxydimethyl ether and trimethoxydimethyl ether, for example in amounts of up to

40  10.0% by weight in total.
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enriched stream B1 comprising predominantly trioxane and additionally water and formal-
dehyde, preferably as a top draw stream, a bottom draw stream B2 consisting essentially
of formaldehyde and water, and the recycle stream B3 comprising predominantly water

25 and additionally formaldehyde and trioxane as a side draw stream. The latter is generally
withdrawn in the upper half, preferably in the upper third of the column. Optionally, a side
draw stream B4 which comprises high boilers can be withdrawn from the low-pressure
distillation column, preferably in the lower third, in order to discharge high boilers from the
process.

30
The low-pressure distillation column has generally from 2 to 50, preferably from 4 to 40
theoretical plates.

The trioxane-enriched stream B1 comprises generally from 50 to 75% by weight of triox-
35 ane, from 1 to 25% by weight of formaidehyde and from 10 to 40% by weight of water.
The bottom draw stream B2 comprises generally from 50 to 95% by weight of formalde-
hyde and from 5 to 40% by weight of water. In addition, it may comprise trioxane, gener-
ally in amounts of from 0 to 10% by weight, and also small amounts of formic acid if ap-
propriate.
40
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trioxane synthesis reactor. 5 In one enbodi nent of the process according to
the | nve%é BdeuEt}E?re\ﬁﬁ\t &l {sfﬂéféﬂbﬁt?g¥g§or stream which is fed to the low-pressure distil-
lation column close to the bottom. To discharge high boilers, a portion of the reaction mix-
20  ture present in the trioxane synthesis reactor can be withdrawn from time to time.
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In one embodiment of the process according to the invention, the trioxane synthesis stage
¢) and the low-pressure distillation stage b) are carried out together as a reactive distilla-
tion in one reaction column. In the stripping section, this may comprise a fixed catalyst

25 bed of a heterogeneous catalyst. Alternatively, the reactive distillation can also be carried
out in the presence of a homogeneous catalyst, in which case an acidic catalyst is present
in the column bottom together with the water/formaldehyde mixture. The side draw stream
B3 is then withdrawn from the reactive distillation column at a suitable point in the enrich-
ing section.

30
In a process step d), stream B1 is fed to a medium-pressure distillation column and dis-
tilled at a pressure of from 1.0 to 3.0 bar, preferably from 1.5 to 2.5 bar, to obtain a low
boiler stream D1 which comprises generally methanol, methylal and methyl formate, and a
stream D2 comprising predominantly trioxane and additionally formaldehyde and water.

35 Stream D2 essentially has the same composition as stream B1, but essentially no longer
comprises any low boilers.

in general, the low boiler stream consists of low boilers to an extent of at least 25% by
weight, generally from methanol, methylal and methyl formate, and further low boilers if

40  appropriate. The low boiler stream D1 is generally obtained as a top draw stream; stream
D2 is withdrawn at the column bottom.
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In a particularly preferred embodiment of the process according to the invention, the low-

pressure distillation b) is carried out at a pressure of from 0.5 to 0.9 bar, the medium-
25 pressure distillation c) at a pressure of from 1.5 to 2.5 bar, and the high-pressure distilla-
tion d) at a pressure of from 4.0 to 6.0 bar.

In one embodiment of the process according to the invention, the product stream E2 is
purified even further. To this end, it can be fed to a purifying distillation column and dis-

30 ftilled to obtain a pure trioxane stream F1 and a stream F2 comprising trioxane and high
boilers. Stream F1 is generally withdrawn at the top of the column and may consist of pure
trioxane having a purity of > 99.9% by weight. Stream F2 is generally withdrawn at the
bottom of the column and comprises high boilers. It additionally comprises trioxane, gen-
erally at least 10% by weight, preferably at least 50% by weight. Stream F2 is preferably

35 recycled into the trioxane synthesis reactor. The trioxane purifying distillation column has
generally from 1 to 40, preferably from 2 to 20 theoretical plates, and is generally operated
at a pressure of from 0.1 to 2.5 bar, preferably from 0.75 to 1.5 bar.

Before it is fed into the purifying distillation column, stream E2 can be passed through an
40  adsorption bed in order to remove traces of water and formic acid. Suitable adsorbents
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obtain the recycle streamEl conprising trioxane and water, and a product
stream E2 consisting essentially of trioxane. The recycle stream El

conpr i seareqtorasxahipe, imicleeuldr dievedd idnbaxchengsns, adolites] owedenites nodnsilida ge) t o 50%

by viei ght, Ofic MRl Per 30t koW PoAR kiR L pf T or mal dehyde. The tri oxane

stream E2 consi sts of trioxane generally to an extent of at |east 99.0% by
wei ght, prefera- bly to an extent of at |east 99.99% by weight. In addition,
it my cOnpresdtingapere wmiogadeyrwhasecpady ds geoeradxang.8% by aveighit predérably0. 001%
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di sti |l | atediphenylmathanesfM»®m El is withdrawn as a top draw stream and stream
E2 is withdrawn as a bottomdraw 20 stream Stream E2 can al so be wi t hdrawn

as a gasepus side .draw hetween feed and col - . bottom In a particularly
preferregﬁ%l%‘c’)'&q%ﬁf"ugfaq?‘%}@ %ﬁﬂL s@‘eﬁéﬁﬁplﬁi%‘ﬁ} IO¥% i nvention, the Iow
pres$@re distillation b) is carried out at a pressure of from0.5 to 0.9
bar, the nmedium 25 pressure distillation c) at a pressure of from1.5 to
2.5 bar, and the high-pressure distilla- tion d) at a pressure of from4.0
to 6.0 bar. In one enbodi nent of the process according to the invention, the

product Example E2 is purified even further. To this end, it can be fed to a
purifying distillation colum and dis- 30 tilled to obtain a pure trioxane
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Sr e:‘ elr gb?é%é?ﬁﬁ%g%@rﬁ%%t%?@FE%?%?%Sriséam Fg I's preferabl (;/ %5 regyci ed into
the trioxane synthesis reactor. The trioxane purifying distillation colum
has 2geneeead biyedn an=11) eorPosddy &ffagraby welghpon idrmiaidedydt heasatd bpeighesfes, and
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weight of water and 8% by weight of trioxane are fed to the pressure distillation column 2.
The pressure distillation column 2 is operated at a pressure of 6 bar, a bottom tempera-
ture of 160°C and a top temperature of 148°C. The top draw stream 3 (= A2) obtained is a
25 mixture of 54% by weight of formaldehyde, 41% by weight of water and 5% by weight of
trioxane. The bottom draw stream 4 (= A3) obtained is a wastewater stream composed of
98% by weight of water which still comprises small amounts of formic acid (1.4% by
weight) and formaldehyde (0.6% by weight). The top draw stream 3 is fed to the trioxane
synthesis reactor 5 which is designed as a stirred vessel. Product stream 6 (= C1) com-
30 prises 25% by weight of trioxane, 22% by weight of water, 45% by weight of formaldehyde
and 5% by weight of formic acid, and also small amounts of secondary components
formed in the synthesis. This product stream 6 is fed in vaporous form to the low-pressure
distillation column 7 having 20 theoretical plates at the level of the first theoretical plate.
Also fed to distillation column 7 is a recycle stream 15 (= E1) composed of 65% by weight
35 of trioxane, 31% by weight of water and 4% by weight of formaldehyde at the level of the
19th theoretical plate as a side feed. The column 7 is operated at a pressure of 0.6 bar;
the bottom temperature is approx. 93°C, the top temperature approx. 62°C. A top draw
stream 8 (= B1) composed of 3% by weight of formaldehyde, 26% by weight of water and
70% by weight of trioxane, and a bottom draw stream 9 (= B2) composed of 65% by
40  weight of formaldehyde, 22% by weight of water and 7% by weight of trioxane are ob-
tained. The latter is recycled into the trioxane synthesis reactor 5. Also withdrawn at the



Before it is fed into the purifying distillation colum, stream E2 can be
passed through an 40 adsorption bed in order to renove traces of water and
form c agigaoosadbdstll € adsor bents PF 0000058055/ Sch -7- are, for exanple,

mol ecul ar sieves, ion exchangers, zeoldtes, nordenites and silica gel, and
-al so further adsorbents known to those skilled in the art. The resulting
pure trioxane, whose purity is generally > 99.9% by weight, preferably 5 >
99. 99% byvelvef thet 14th shepbaticar pille)is tixetbcycle pirepar® EMIasyareidbyranstrédoM) or
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of these nmaj n cohponents |n Al s less than 100% conprise the cust omary
secondarsie LY HEGHESRBOTYRLE 7375 O wveight QLapBVLHTRES ] S° DASTFaia Si68hm 1 (=
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bot t om F"S\¢ BYERIATUCT siream) 16,4 Ba) fogRosed o ¥ WelgTH OF (HOXBRR 82 0P of  98%
by wei ghottom drawetreami ch still conprises small anmounts of formic acid (1.4%
by weight) and fornmal dehyde (0.6% by weight). The top draw stream 3 is fed
to the trioxane synthesis reactor 5 which is designed as a stirred vessel.
Product stream6 (= ) com 30 prises 25% by wei ght of trioxane, 22% by
wei ght of water, 45% by wei ght of fornal dehyde and 5% by wei ght of formc
acid, and also snmall anmounts of secondary conponents forned in the
synthesis. This product stream6 is fed in vaporous formto the | ow pressure
distillation colum 7 having 20 theoretical plates at the |evel of the first
theoretical plate. Also fed to distillation colum 7 is a recycle stream 15
(= El') conposed of 65% by wei ght



35 of trioxane, 31% by wei ght of water and 4% by wei ght of fornal dehyde at
the level of the 19th theoretical plate as a side feed. The colum 7 is
oper at e@ratoossspesazsure of 0.6 bar; the bottomtenperature is approx. 93C,
the top tenperature approx. 62C. A tomdraw stream 8 (= 81) conposed of 3%
by wei ght of fornmal dehyde, 26% by wei ght of water and 70% by wei ght of
trioxane, and a bottomdraw stream 9 (= 82) conposed of 65% by 40 wei ght of
f or mal dd¥hyatds cRdwedys:wei ght of water and 7% by wei ght of trioxane are ob-
tained. The latter is recycled into the trioxane synthesis reactor 5. Al so
wi t hdrawn at ,the PE 0000058055/ Sch -8- . .level .of th ath.theoretical plate
is the \ﬁgcyclAQ lg{eigéaéﬁc?féoc(egs %')p%?é’aa”%i”&’é‘aa‘? JW"%E'?f e%yq%eco[r%odlsm%a st ream
8 is fed to stegswbdi um pressure distillation colum 11 having 23

t heogetical plates at the level of the 5th theoretical plate. The colum 11
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t he 1Ri gh- pressureterdi stillation colum 14 having 24 theoretical plates at
the |l evel of the 22nd theoretical plate. 10 This colum is operated at 5

bar; the bot{om tenner I r ; 0 pr ox.
143C. The re(qz)gcl e strggén‘,ijv ? uét%tr‘éﬁlgﬁ ?fs(c%ﬁ%%ﬁethggasr{ef ﬁgfef[? ghpd gﬁ' @\%Hséb ,eeglr%q and a
pure product strefAvels streamkl epmptiing tigrans, geatengnl fopalgplyass apdiib3Rine as
the bottom draw gtopeiate, tHeFstRADAS & 5 Jiksbidw-pBssiieadistillatior! adlured and disfill- An

i ntqgrated procesg,f.9r [ rq f IRkASIgNg t he
Steps of : 5 a) foufife Merary 92_??@%%“?8%%?%”&%@@%ﬁ‘ﬂ@faﬁ%’%ﬂ% Ler
and a recycle st FE%?ﬁqé%ﬂ COMPFFIEY rRYeHRTBRM YN HigkaRe \%8 diffogalyaWetsr i | y

f or mal dehyde and farmatdehpds, taobettdnodrest diedandl B2caomesting assamtialiynoft foemalde-

separating it intQyde ah® Wil A6V M8 rbéyclt SttdaRRBBARNPRENG pPddRFRAMY wBS! Sting
essentially of wa- " , .
and additionally formaldehyde and trioxane as a side draw stream;
20
c) feeding the bottom draw stream B2 and, if appropriate, the stream A2 to a
trioxane synthesis reactor and allowing them to react to obtain the stream C1
comprising trioxane, water and formaidehyde;

25 d) feeding the stream B1 to a medium-pressure distillation column and distilling
at a pressure of from 1.0 to 3.0 bar to obtain a low boiler stream D1 compris-
ing methanol, methylal and methyl formate, and a stream D2 comprising
predominantly trioxane and additionally formaidehyde and water;

30 e) feeding the stream D2 to a high-pressure distillation column and distilling at
a pressure of from 2.5 to 10.0 bar to obtain the recycle stream E1 comprising
trioxane, water and formaldehyde, and a product stream E2 consisting es-
sentially of trioxane;

35 the stream A2 being fed either to the low-pressure distillation column or to the triox-
ane synthesis reactor or to both.

2. The process according to claim 1, wherein the low-pressure distillation b) is carried
out at a pressure of from 0.1 to 1.5 bar, the medium-pressure distillation ¢) at a



10 ter; b) feeding a product stream Cl conprising trioxane, water and

formal dehyde, a recycle stream El conprising trioxane, water and

f or mal defpydgosaatdkeni f ap- propriate, the stream A2 to a first | ow pressure
distillation colum and distill 15 ingsat a pressure of fromO0.1 to 1.5 bar,
and wthdraw ng a tri oxane-enriched stream Bl conprising predom nantly
trioxane and additionally water and fornmal dehyde, a bottom draw stream B2
consi sti ng egsessureadfl fyonofi .0f tordnabare andhihdchighnpressire rdjstiflatibnt &) et ageyssues sft r eam
B3 conprisin i y water and additionally forml dehyde and
trioxane, as gro@f%gngg?vrﬂs?{r'_eam 20 ¢©) fe;&\i nq t he bgétom raw stream B2 and,
i f approbri at'@® RTRELSS{IAEQIAND I gJaim T 10F 20 YAOREETE SHEHB LS IS WiRgrawn 2006 X198 owi ng
t hem t o r eactiow-presburai distilationstatuiramah topcdmaprstreamg t ri oxane, wat er and

f or mgl dehyde; 25 d) feeding the stream Bl to a nediumpressure distillation

colum and distillin at a pressuyre of 0, .0.10,3.0 bar to obtain a | ow
boi | er streamBP'¢ PP%Qfd\“HBO ABY ﬂéﬁ ns {r@tﬂ]})‘f renaﬁgeﬁ@tlﬁ‘cﬁs f?‘gforfgfeg?w'and a
stream D2 comppedssiendgjstillpliedentimaas layside feest imbeapdentdid of hraiolunt, omal tehyde
ol U and di g e Btés U BRASH nd A o e B R T the
recycl e st reé’?nh@ C"é%ﬁ'b?'i%'? ﬁbéjé(fﬁ]ef}g?iﬁ%,pl%? %‘?O"gﬁﬁe g%&%‘l dehyde, and a
prodct stream E2 consisting es- sentially of trioxane; 35 the stream A2
being fegl ei timerprécest RBcdrBivg 6 B8RP O RaiffisSittold, dhbih SIPAMD 168 witikdrbRe o 0X-

ane synthesi g, reactor or to th. 2. The process, accordin i

wheretn the. b REh B Rkt Bidtof calff RL 808P AR Wl "dhd Srfel B k.
fromO0.1 to Mwithdism ag dbottasadiaw prasssure distillation ¢) at a PF
0000058055/ Sch -10- pressure of from1.0 to 4.0 bar, and the high-pressure

acooldi g to HpafeedsBoEgaiGia By of et B Mg offm el s My BA TSRS
| ow pr essur e tae Sightaressuem distifalign calimp avp tap Aipv sireaifhang stream E2 is with-
drawn as a bottom draw stream,

7. The process according to any of claims 1 to 6, wherein, in step a), the formaldehyde
20 concentration unit is a pressure distillation column and stream A3 is withdrawn as
an aqueous bottom draw stream.

8. The process according to any of claims 1 to 8, wherein the formaldehyde concentra-
tion unit is a falling-film evaporator.
25
9. The process according to any of claims 1 to 8, wherein a side draw stream B4 which
comprises high boilers is withdrawn from the low-pressure distillation column in the
lower third, from 1 to 5 theoretical plates above the bottom.

30 10. The process according to any of claims 1 to 8, wherein a stream B4 which com-
prises high boilers is withdrawn from the trioxane synthesis reactor.

t1.  The process according to any of claims 1 to 10, wherein product stream E2 is fed to
a purifying distillation column and distilled to obtain a pure trioxane stream F1 and a
35 stream F2 comprising trioxane and high boilers.

12.  The process according to claim 11, wherein stream F2 is recycled into the trioxane
synthesis reactor.



4. The process according to any of clains 1 to 3, wherein streamEl is fed
to the low pressure distillation colum as a side feed in the upper third
of the obdbeosdis@m 1 to 20 theoretical plates below the top, and streamCl
as a side feed in the lower third of,;the colum, from1l to 20 theoretica

" plates above the bottom 10 5. The process according to any of clains 1 to
4, wherein streamDl is withdrawmn from the nedium pressure distillation

col um 8 a Thefprotedw astdraingtaoring ti I @an2, ehdrein swehidin wefors it és fledtintothedr aw

stream 15 \;\nﬁn}f‘g BLfikfian ol Frﬁmr o bk b tﬁ’@)’:gﬁ’% Calo%b@‘hoﬂr bed, @h.cﬂ*}s&%b& stream

El is withdr sure [5Gt on col um as a top draw
stream and stfa\céﬁﬁf‘E@tef%"%OETHLCQ?I%WW%B%[“E&tom draw stream 7. The process
according to any of clainms 1 to 6, wherein, in step a), the fornal dehyde 20
concentration unit is a pressure distillation colum and stream A3 is

w t hdrawn as an aqueous bottom draw stream 8. The process according to any
of clains 1 to 6, wherein the formal dehyde concentra- tion unit is a
falling-filmevaporator. 25 9. The process according to any of clains 1 to
8, wherein a side draw stream B4 which conprises high boilers is wthdrawn
fromthe | owpressure distillation colum in the lower third, froml to 5
theoretical plates above the bottom 30 10. The process according to any of
claims 1 to 8, wherein a stream B4 which com prises high boilers is

wi thdrawn fromthe trioxane synthesis reactor. 11. The process according to
any of clains 1 to 10, wherein product streamE2 is fed to a purifying
distillation colum and distilled to obtain a pure trioxane streamFl and a
35 stream F2 conprising trioxane and high boilers. 12. The process according
to claim1l, wherein streamF2 is recycled into the trioxane synthesis
reactor. PF 0000058055/ Sch -11- 13. The process according to claim11l or 12,
wherein stream E2, before it is fed into the purifying distillation colum,
i s passed through an adsorption bed, which renoves traces of water and
formc acid fromstream E2.



