PROCESS-+ FOR THE PRGDUCTI ON OF TRI OXANE FROM FCRI\/ALDEHYDIQé")75 21 =3

FI ELD OF THE | NVENTI ON The present invention relateﬁ EE%a process
for'the . production of trioxane from aqueous formal dehyde P

multistage in situ catal yst reactor-extractor colum.

BACKGROUND ‘ OF THE | NVENTI ON Tri oxane may be prepared by the
trimerization of an aqueous fornmal dehyde solution.. Generally, the
process i's conducted in the presence of strong acid and base catal ysts
10 and is associated with the production of by-products such as

formc acid, methylformate, nmethylal, trioxepane and t et r oxane.
Several processes have been devel oped to convert aqueous formal dehyde
solutions into trioxane. One process, Japanese Patent Laid-Open
No. 74524/1992, 15 utilizes a porous nenbrane containing a reaction

catal yst on one surface of the- mdnbrane in such a way that a

contai i ng FRECEAE. PR W*@W&%Eﬁﬁw%ﬁfpﬁhwﬁm?ﬂé

f or mal dehyde but capable of 20 dissolving the reaction product, i.e

trioxane, 1is I ntroduced into another surface of the nmenbrane. A
m xture - containing a solution of the extractant having the reaction

product dissolved therein along with residual fornal dehyde is renoved

fromthe menbrane for separ atgygit.

The present invention relates to a process for the
production of trioxane from aqueocus formaldehyde in a

5 multistage in situ catalyst reactor-extractor column.

BACKGROUND OF THE JNVENTION

Trioxane may be prepared by the trimerization of an
aqueous formaldehyde solution. Generally, the process is
conducted in the presence of strong acid and base catalysts
10 and is associated with the production of by-products such as
formic acid, methylformate, methylal, trioxepane and

tetroxane. Several processes have been developed to convexrt
aqueous formaldehyde solutions into trioxane.

One process, Japanese Patent Laid~Open No. 7452471992,

15 utilizes a porous membrane containing a reaction catalyst on
one surface of the nembrane in such a way that a
formaldehyde solution is introduced onto the surface of the
membrane containing the catalyst vwhile an extractant,
incapable of dissolving formaldehyde but capable of

20 dissolving the reaction product, i.e., trioxane, is
introduced into another surface of the membrane. A mixture
containing a solution of the extractant having the reaction
product dissolved therein along with residual formaldehyde

is removed from the membrane for separation of formaldehyde
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into contact with a solvent in an extraction column operated
at 80°C to separate trioxane from the formaldehyde.

A third process, Japanese Patent Application No. Hei.
04-208,265, suggests the production of trioxane from a
concentrated solution of formaldehyde. The formaldehyde
solution is circulated through a reactor packed with a solid
acid catalyst to produce a reaction product of trioxane and
formaldehyde. Thereafter, the reaction product is
introduced into an extraction column along with a wvater-
insoluble organic solvent having a boiling point higher than
trioxane and free of any azeotropic composition with
trioxane, wherein the product is separated into trioxane and
solvent by aistillation. \

Another reference, U.S. Patent No. 4,703,129, to Mick
et al., incorporated herein by reference in its entirety,
suggests a process for- the continuous preparation of
trioxane from an agueous formaldehyde solution in the
presence of an acidic solid-bed catalyst without
sinultaneous evaporation. According to the disclosure, the
reaction is carried out in a reactor containing a bundle of
tubes having a preheating zone and the acidic solid-bed
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3 catal yst, wherein the catalyst is crosslinked pol ystyrene
containing sulfonic acid groups. Thereafter, the trioxane may be
enriched by distillation or extraction. Al t hough the prior art
processes have been adequate for 5 the production of trioxane, they are
di sadvant aged by the use of nultiple units to produce and separate
trioxane from for mal dehyde. These processes are further disadvantaged
by a |l ow "per pass" conversion of fornal dehyde to trioxane and
‘subsequent separation of trioxane from aqueous fornmal dehyde. 10 It is
desirable to produce trioxane by way of a process which efficiently
utilizes energy and equi pnent to achi eve maxi mum conver si on and
separation of trioxane. The present invention is directed to a
process for the 15 continuous production, of trioxane from an

aqueous tai {r'al tl:gg: te&U &y a Syt agtor
col um acc%? dal gﬁg&{.g%ﬁl I%%rl um r |ioﬁpn ffink&? ;%fys yrena
[err] conta inq sulfonic acid groups. . Thereafter, the trioxane

may be enriched by distillation or extraction.

Although the prior art processes have been adeguate for

s the production of trioxane, they are disadvantaged by the

use of multiple units to produce and separate trioxane from

forsaldehyde. These processes are further disadvantaged by

a lovw “per pass" conversion of zorialdahyde to trioxane and

subsequent separation of trioxane froam agueous formaldehyde.

10 It is desirable to produce trioxane by way of a process
which efficiently utilizes energy and equipment to achieve -
maxigum conversion and separation of trioxane. N

- SUMMARY. OF THE INVENTION
The present invention is directed to a process for the
15 continuous production of trioxane from an aqueous
formaldehyde solution in an integrated reactor-extractor
column according to the equilibrium reaction:

3CH,0 Tem==12=
s . caulyst

vherein the reaction occurs in an multistage in situ
catalyst column with -1nn1tan.ous reaction and extraction
20 characterized by &8 column containing a plurality’ of spaced
reactor stages containing a catalyst for rsacting an aqueous



wherein the reaction occurs in an nmultistage in situ
wi th sinmultaneous reaction and extraction 20
containing a plurality of spaced

for reacting an aqueous

f ormal dehyde solution to trioxane, and a plurality of extractor stages

for extracting said trioxane into a sol vent, sai d agueous

f or mal dehyde sol uti on and sol vent

t he col um,

said 5 process characterized by the steps of:

charging a solvent that is mscible with trioxane : and
I mm sci bl e with agqueous fornal dehyde intg the col um;
(b) charging an aqueous fornal dehyde soldtion into 10 t he
col umm;

react or stages to trloxane sal
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trioxaﬁe-le@mocess characterizidlbguthe séifeps of: (e) discharging the

trioxane-rich extract and tri oxane-lean raffinate fromthe

colum; and

10
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20

(a) charging a solvent that is miscible with trioxane
and immiscible with aqueous formaldehyde into the
column;

(b) charging an aqueous formaldehyde solution into
the column;

(c) reacting the aquecus formaldehyde solution at the
reactor stages to trioxane, said trioxane being
in reaction equilibrium with formaldehyde in a
trioxane~formaldehyde solution;

(d) extracting the +trioxane frem the trioxane-
formaldehyde equilibrium solution into the
solvent at the extractor stages to produce a
trioxane~rich extract and a trioxane-lean
raffinate;

(e) discharging the trioxane-rich extract and
trioxane~lean ratfinate from the column; and

(£) recovering trioxane from the trioxane-rich
extract,

L
wherein the extraction of trioxane from the equilibrium

catal yst col um
characterized by a col umm
react or stages containing a catalyst

being in countercurrent flow through

reactlon



(f) recovering trioxane from the trioxane-rich extract,
wherein the extraction of trioxane fromthe equilibrium

solution reduces the concentration of trioxane in the sol ution

wherein the formal dehyde solution reacts at subsequent reactor
stages to produce additional trioxane- f or mal dehyde equilibrium

sol uti on. 5 The process may be conducted in the colum w thout

i mpai rment  of tri oxane extraction or settling, enul sification
of the phases, or significant entrainnent. The process increases the
"one-pass" conversion of trioxane, reduces the recycling of

for mal dehyde, mnimzes the size of 10 the reactor-extractor equipnent,
as well as conserves energy usage. s BRI EF
DESCRI PTI ON OF THE DRAW NGS Wiile the specification concludes
with clains solutjient i refacks [thet iconcaritration sofnctijoxahei Mmg thee 15
present i nvengpofesbi° LRGEATRON Y P5rRRihEhyHEI°ERI0RIon  reblchE

t
foll owi ng description in conjunction acconmpanyi n awi rtla}s in
whi ch: subseguent) reactox atages O produce e#d@i‘ggﬂkla%mi@ﬂmge
in situ catal gei-mataehyaes A4Nricw $@lutdonhi ch a nore 20  dense
solvent is charged into the top of the colum and a | ess dense aqueous

form dehyde solution is charged into the bottom of the col umm; and
s The process may be conducted in the column without

impairment ot trioxane extraction or settling,
emulsification of the phases, or significant entrainment.
The process increases the “one-pass” conversion of trioxane,
reduces the recycling of formaldehyde, minimizes the size of

10 the reactor-extractor equipment, as well as conserves energy
usage.

33S, ¥ DESRIPTIION OF THE DRAWIN
While the specification concludes with claixs
particularly pointing out and distinctly claiming the
15 present invention, the invention may be better undexrstood
from the following description in conjunction with the
accompanying drawings in which:;

¥IG. 1 is a schematic viev in elevation of a multigtage

in situ catalyst reactor-extractor column in which a wmore

20 dense solvent is charged into the top of the column and a

less dense agqueous formaldehyde solution is charged into the
botton of the column; and

¥IG. 2 is a schematic view in elevation of a multistage
in situ catalyst reactor-extractor column in which ‘a more
25 dense agqueous formaldehyde solution is charged into the top
of the column and a less dense solvent is charged inte the
. bottom of the column.



FIG2 is a schematic view in elevation of a nultistage in situ
catal yst reactor-extractor columm in which a nore 25 dense aqueous

f ormal dehyde solution is charged into the top of the colum and a |ess
dense solvent is charged into the bottom of the col um.

6 DETAI LD DESCRI PTI ON OF THE | NVENTI ON In
accordance with the present invention there is descri bed a process
for the continuous production of trioxane from an aqueous fornal dehyde
solution in a5 countercurrent flow, multistage in situ catalyst

react or - extractor. The reactor-extractor is characterized as a
vertically positioned colunn haV|ng a pldiallty of hori zontal | 'y

di sposed, alternately _ A :| _exr ! ages. An aqueous

f or mal dehyde sol ution i &8 i nto a
f or mal dehyde-tri o!nnaccordmtwﬂhhecﬂhd [ prumtolinvmiandthbrot risxane

count or cur 1 cAPPSERBRELY | redibe i 58l | RO ipfbbh bRoaudtiB] or Y

sol vent . Thetzz&bmp tnvonrucaanoqusousscﬁqrgwdebydefrmnhzeonolinn and
separat gd fraguhbgreaiyeit gloii‘?t MdtistageIAVEithy té@cﬁf.e Sréactor-

distillation, refraction _an eva oratlon ane,

trimer of foPNEFACkO¥e The Fsactox actor; i, m#nﬁmeﬁyde
solution in vbztﬁca:mycep&m mnmc Bevihgst aac piudality tée

equi l'i brium ﬁggikgﬁ&lly disposed, altmt‘f{rr]lpacod reactor and

extractor stages. An agueous ‘foraaldehyde solution is

10 reacted at the reactor stages into a formaldehyde-trioxane

reaction equilibrium solution, and the trioxane is separated

from the solution at the extractor stages Dby

countercurrently contacting the solution with'a trioxane-

miscible solvent. Thereafter, the trioxane is discharxged

s froa the column and ssparated froa the solvent by methods

known in the. art, e.g., distillation, refraction and
evaporation. |

Trioxane, a trimer of formaldehyde, may be produced

from an aqueous formaldehyde solution in the presence of an
20 cationic catalyst according to the equilibrium reaction:

30{20 _Q i i (1)



7 The equilibriumof the reaction, dependent upon conditions of
tenperature, pressure, and concentrations of forml dehyde and trioxane
in the solution, may be shifted to the right, by renoving trioxane
fromthe solution. This process of 5 reduci ng the concentration of
trioxane in the formal dehyde- trioxane equilibriumsolution results in
an i nbal ance in the reaction equilibriumof the solution allow ng the
producti on of additional trioxane in the presence of the catal yst.
Essentially, the process of the present invention may 10 be characterized
by reacting aqueous formal dehyde sol ution at the reactor stages of the
colum utilizing a cationic catal yst to produce a

tri oxane-fornal dehyde ‘equilibrium solution, and separating the

tri oxane fromthe solution at the ektractor stages utilizing a

sui tabl e solvent. Renpval 15 f trioxagne fromthe ui I i brium,sqlution
results in IRe® miﬁﬁ?ﬁ&&ﬁc@‘o&%ﬁ&?%ﬁ°@quf*? 23?9%?? ' i

fg;l mal deh%/do:_au:dnpei'Wuﬁe, ipreéseure) ahdoconcentrations of formaldehyde of
addi tiona (0] t qu ; OL .S e I S
process of rgégcté?gﬁxghg g‘)%t lrtggt ?%%ﬁlil{gﬁgo i e;!)’ga ggﬁg%asﬁgsgg&e%}g§ dges
throughout P¥eremayimdirtyjoxane friom thecsolution.of Thiscpueapss of the
R N Lo T G M T R N e A R T
D ocess. f or CFAGXEBM PRIGHIDEHBE AR POFLTh HauER 40 KB AARAIAACe AT Ehe:

f or mal dehydreacktibnoeqailibriue o tha svlatidéh)allovimpthe prodaetionhe
reaction ocgprgahitioNsr! £2434ank" iR kile presence of the catalyst.

Essentially, the process of the present invention may

10 be characterized by reacting agqueocus formaldehyde solution
at the reactor stages of the column utilizing a cationic
catalyst to produce a trioxane-formaldehyde equilibrium
solution, and separating the trioxane from the solution at

the extractor stages utilizing a suitable solvent. Removal

15 of trioxane from the equilibriua sgolution results in an
inmbalance of reaction equilibrium concentrations of
formaldehyde and trioxane in the solution creating the
potential of additional trioxane production at subsequent
reactor stages. This process of reaction and extraction is

20 repeated at subsequent stages throughout the column until
the concentration of formaldehyde in the aqueous solution is

80 dilute there is no advantage to contihuing the process.

Oone preferred embodiment of the invention relates to a

process for the continuous production of trioxane from an

25 aqueous formaldehyde solution according to Formula (I)
above, wherein the reaction occurs in a multistage in situ
catalyst reactor-extractor characterized as a vertical
column having an inlet and outlet positioned at opposing

ends of the column for receiving an aqueous formaldehyde



catal yst reactor-extractor characterized as a vertical

col um havi ng

an inlet and outlet positioned at opposing ends of the colum for

recei ving an aqueous fornal dehyde sol ution and

di scharging a raffinate, and an inlet and outl et positioned at
opposi ng ends of the colum for receiving a solvent and discharging an
extract, said inlets and outlets being positioned for countercurrent
flow5 wherein the nore dense solvent is charged into the top of t he
columm, and the | ess dense fornmal dehyde solution is charged into the
bottom of the colum; a plurality of vertically spaced reactor

st ages, each stage containing an inlet for receiving fornal dehyde

solution fromthe 10 formal dehyde inlgt, a catalyst for reacting
f or mal dehyde solution into trioxane, an outlet for discharging

tri oxane

and hori zont

fromthe off

vertically
f or mal dehyde
each & age
col um and
adj acent
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and formaldehyde, a sieve tray positioned above the outlet
and horizontally in the column for receiving trioxane and
formaldehyde from the outlet, and a downcomer vertically
positioned in the column adjacent to the catalyst and sieve
tray; and a plurality of vertically spaced extractor stages
for separating trioxane from formaldehyde and discharging
formaldehyde to the raffinate outlet, each stage comprising
a sieve tray positioned horizontally in the column and a
downcomer positioned vertically in the column and adjacent
to the sieve tray; said downcomers beling positioned for
receiving solvent from the solvent inlet and directing saigd
solvent across the sieve trays to the extract outlet, said
extractor stages being alternately positioned between the
reactor stages, and said downcomer being of sufficient
length to provide a formaldehyde~-trioxane coalescing zone
beneath the reactor and extractor stages and direct the
solvent beneath the coalescing zone; -said process
characterized by the steps of: -

(a) charging a solvent that is trioxane-miscible and

spaded T SpRet o PYLRR] e LR 0B RaBY [ CaP RPN FE
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solvent beneath the coalescing zone; said process characterized

by the steps of: 30 (a) charging a solvent that is

tri oxane-m sci bl e and 9

f or mal dehyde-imm scible into the colum; (b) charging an
aqueous formal dehyde solution into t he col um;

(c) reacting the aqueous formal dehyde solution at the 5 :
reactor stages to produce a trioxane-forml dehyde reaction
equi li brium sol ution; (d) percolating the equilibriumsolution
t hrough the sieve trays to formdroplets; (e)
extracting trioxane fromthe droplets into the 10 sol vent at
the extractor stages to produce a 9 trioxane-rich extract

and a trioxane-|ean (f) discharging
trioxane-rich extract aﬁﬁrﬂiléﬁaﬂﬂe’iﬂliscib1¢ into thencPiMEREate from t he
columm; 15 (g) recovering trioxane from the trloxane rich

extract, ergin the extraction of tri e ron1 equil i brium
sol ution reduces tﬁch]oﬁ&ﬁF%ﬁPl AR ATPEORS ; foTEA de’ G310€16d " 1nd

the column;
(c) reacting the aqueous formaldehyde solution at the
5 reactor stages to produce a trioxane-formaldehyde
reaction equilidbrium solution;

(d) percolating the equilibrium solution through the
sieve trays to form droplets;

{(e) extracting trioxane from the droplets into the

10 solvent at the extractor stages to produce a
trioxane-rich extract and a trioxane-lean
raffmte' ¥

i
(f) discharging trioxane-rich extract and trioxane-
lean raffinate from the column; and ' '

1s (g) recovering trioxane from the trioxane-rich
extract,

wvherein the extraction of trioxane from the equilibrium
solution reduces the concentration of trioxane in the
solution and wherein the. formaldehyde solution reacts

20 at subsequent reactor stages in accordance with Formula
(I) to produce additional trioxane.

The trioxane-rich extract is the solvent containing the
! trioxane produced at the reactor stages, and the trioxane-



solution and wherein the formal dehyde sol ution reacts 20 at
subsequent reactor stages in accordance with Formul a (1) to
produce aditional trioxane. The trioxane-rich extract is the
sol vent containing the trioxane produced at the reactor stages, and
the trioxane- _ 10 | ean
raffinate is the spent fornmal dehyde solution. The concentration of
trioxane in the trioxane-rich extract is greater than that of the

tri oxane-lean raffinate, and the concentration of formal dehyde in the
aqueous formal dehyde 5 solution is greater than that of the

tri oxane- | ean raffinate. Referring to FIG 1, there is
illustrated a schematic view in el¥ation of a typical apparatus in
whi ch the process of the jnvention is conducted whep the continuous 10

phase i s a XRANFRLRADARE A%icHhe: FPORtafaTRaldehyds Splpkion.  Thepersed
phase whi chedcémerscinouse f eriokdneydn thieltirdoxane-rich téxttagt is

positioned ¢ 10 at tached .t heret Ve inle 2 and
ext r act outﬁ%l% F%%’ét ggi'&t °§p%’8§ t%“‘”‘"‘%’ﬁ'&?“of"ﬁ%‘hm‘?%r&‘

recei vi ng seoncentration sefiafgrmgldehyder ioxahe rigieons rfoxmaldehydechyde
et 815 AhGeidh N8 grealik! Cknkh® %ﬁyt' Ok Chifd OBPPSkhfieCidanof the

colum for recei vi ngaqueous fornm de solution | schar gl ng
trioxane-| ZAEEMMAERni e so that a continuous, countercurrent fl ow of
di spersed and conti nuous phases may be maintained in 20 t he col um.

e o o BetPEEM TTBdr 4 et 8 10 3 FEVLE £ e R e,
produce triviesmednorelévetidn of ar&ypicai capparstiasm Hwl which wtheh
feeds 10 thg-GobskTor the! 1hVeHLibR' 36 thiductedS viard ehé OboRBLARGuEOCAL €d
a 10 phase is a solvent having a density greater than that of the
dispersed phase which is the agqueous formaldehyde solution.
Vertically positioned column 110 has attached thereto
solvent inlet 112 and extract outlet 114 located at opposite
ends of the column for receiving solvent and discharging
is trioxane-rich extract. Pormaldehyde inlet 115 and raffinate
outlet 118 are located at opposite ends of the column for
receiving aqueous formaldehyda solution and dQischarging
trioxane-lean raffinate so that a continuous, countercurrent
flow of dispersed and continuocus phases may be maintained in
20 the column. Stream 115 feeds formaldehyde solution to
catalytic guard bed reactors 120 which react tﬁe solution
according to Formula (I) to produce trioxane-formaldehyde
reaction equilibrium solution which feeds to the column
through inlet 116. Inside the coluan are located a
25 plurality of horizontally disposed and vertically spaced
catalytic bed reactor stages 122, 125 and 128 having inlet
sides 121, 124 and 127, and ocutlet sides 123, 126 and 129.
Adjacent to the outlet sides of the reactors are sieve trays
142, 144 and 146. A plurality of horizontally disposed
30 vertically spaced extractor stages 150, 152, 154 and 156



25 plurality of horizontally disposed and vertically spaced

catal ytic bed reactor stages 122, 125 and 128 having inl et sides 121,
124 and 127, and outlet sides 123, 126 and 129. Adj acent to the outl et
sides of the reactors are sieve trays 142, 144 and 146. A plurality
of horizontally disposed 30 vertically spaced extractor stages 150, 152,
154 and 156 each containing sieve-plate 140, 141, 143,
and 145 are positi oned above and bel ow the reactor stages. 1In this

arrangenent,

successi ve

and extract

at | east one extractor stage is |ocated between

reactor stages to provide efficient separation of 5 trioxane
fromthe equilibriumsolution. Downcongrs 160, 161, 162, 163, 164,
165 and 166 are positioned adjacent to 11 the reactor and extractor
stages to direct the flow of sQlyent, fromthe so]vent across t he
si eve trays®pGB; (fPntain rﬁé’?"&ﬁ?ﬁ@%‘arﬁ;q'o phdei d‘eha! zﬁﬂg fR®cach
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solution. Coalescing zones 170, 172, 173, 174, 175, 176 and
178 are continuocus-dispersed phases interfacial areas
beneath the reactor and extractor stages. Trioxane—-
formaldehyde droplets 180, 182, 184, 186 and 188, produced
as a result of the dispersed phase passing through the sieve
trays, create additional surface; area for contacting the
solvent and trioxane to provide extraction thereof.

In operation, the continuous phase is charged into
solvent inlet 31312 to flood the column, and the dispersed
phase is charged into formaldehyde inlet 115 at adequate
flow rates and reacted at catalytic guard bed reactor 120.
An initial reaction according to Formula (I) occurs at the
guard bed Treactor to produce trioxane in a trioxane-
formaldehyde reaction equilibrium solution. The equilibrium
solution is fed through inlet 1316 into the column. The
equilibrium solution accumulates beneath extractor stage 150
to form coalescing zone 170. The height of the coalescing
zoneé increases until the buoyant force is sufficient to
overcome the pressure drop across the extractor stage 150.
As it flows through extractor stage 150, the dispersed phase



f or mal dehyde reaction equilibriumsolution. The equilibrium25 solution
Is fed through inlet 116 into the colum. The equi librium sol ution
accurul at es beneath extractor stage 150 to form coal escing zone 170.
The hei ght of the coal escing zone increases until the buoyant force is
sufficient to overcone the pressure drop across the extractor stage
150 30 As it flows through extractor stage 150, the dispersed phase

12 percol ates through the sieve tray of the extractor stage to
formdroplets 180. The droplets are contacted with sol vent exiting
downconer 161 which extract the trioxane fromthe equi | ibrium

sol uti on. At extractor stage 152, the 5 extraction operation is
repeat ed by solvent with sol vent exigt i ng downconer 162 to efficiently
separ at e addi ti onal trioxane fromthe solution. As the operation

apgri%hes percgiwd bt&&ﬁh chal gfavacteay oot tke ebtracticr dtiige b, 176
an are _produce ne S essi v C ges
to overcomef BF@?&@%@ gﬁ?fe 'gﬁ? % gletg #é%t&g‘%h i{é qv%é :
di spersed plaxiting: dowrxmmer 163 hwivichh mmmeraygonnaom diet s of
tri oxane- {13 BLEE NG J O 180 &?&. 4, gt35e2N3 5888 endhien
trioxane is nove romthe qU|'I|br|umso ution of 15

ext rac8i on, Wmt?m%ﬁi% is Tepsated by !‘bimén"i%h solyenk,ced.
Thi s reduct muﬂi:gt rdmnuat R | enticidntly separate adaitisnal

di sturbs th ui |1 brjum o tion, or he
equation to ﬁ% * 5@’?“: on. c%eﬁf %ﬁtﬁ#’orﬁgﬁ%é
reduction obmmmm coadmingazomcl‘m 372 A Tdi chl4 al 279y %'fﬁ
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The reduction occurs prior to contactat_reactor stageil oL ey
t he t Aloxan@MtTRECLRR s@tages phasovercane : the: PTAIANE tfe.rent 1

' created at each stage. The dispersed phase then rises

through the sieve trays to form droplets of trioxane-
formaldehyde solution 180, 182, .184, 18¢ and 188. when
trioxane is removed from the equilibrium solution by way of
15 extraction, the concentration of trioxane in the solution is
reduced. This reduction in trioxane concentration in the
reaction solution disturbs the equilibrium of the solution,
Formula (I), shifting the equation to the left, i.e., higher
concentration of formaldehyde. The reduction of trioxane
20 concentration creates the potential for the production of
additional trioxane at subsequent reactor stages. The
reduction occurs prior to contact.at reactor stage 122 where
the trioxane-lean, dispersed phase is reacted to produce
additional trioxane, wherein the solution once again
25 approaches reaction equilibrium. The process of reaction
followed by extraction is continued throughout the column
until the concentration of the formaldehyde solution is
reduced by the production and removal of trioxane. The
trioxane~rich extract removed from outlet 114 may be
30 processed according to methods known in the art to recover
i trioxane from the solvent.



additional trioxane, wherein the solution once again 25  approaches

reaction equilibrium The process of reaction foll owed by extraction
is continued throughout the colum until the concentration of the

f or mal dehyde solution is " reduced by the production and renoval of
trioxane. The trioxane-rich extract renoved fromoutlet 114 may be 30
processed according to nethods known in the art to recover tri oxane
fromthe sol vent. 13

Anot her preferred enbodi nent of the invention rel ates to a process for
t he conti nuous production of trioxane-from - an aqueous fornmal dehyde

sol ution according to Fornula (I) above, wherein the reaction occurs

in a multistage in situ 5 catal yst reddtor-extractor characterized by a

verti cal coI urm hav inlet.a outl e Si one at !

ends of the col ufi® &aﬁ‘?&g‘gﬂ&?;;f ng'ﬁ ?rf/‘ tidh % and
di schargi ngte aai:i'bceaa fondthn continuous prodxmtian qfv sixtiicaane Lrom
opposi ng ends C h i ng an
extract, sa’d %ﬂ“ﬁr&‘s Of%%‘%hﬁts %@Tﬁi p05| |on %r cg&hltﬁ%r g{}gr ent
f1 ow wher ei mbove, mhexedss thenTeassi saenmreh dngagmaitdstage,dn &HtF the
col umgand cagaiyst d?&i&tﬁa&"-&&l:éﬂ&ﬁde s&:ﬁ-waerﬁzcaarmeda ve:mrdu he
top of the colum; _ a uraI [ W‘FOL vert I%]E %f‘?é?e‘g actor t a

each stage COISRMHAVIRG amed n
fromthe fouﬂgﬂ&kﬁ/denenbeum fora wedai wivig fam aquebusgtbtuﬁldﬂyﬁb

solution i nt

an kar gi t n
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hori zont al | putlet) positiovedmatoroppasing n@nds oe&ncthed MMdéﬂFje
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less dense solvent is charged into the bottom of  the

colunn and the more dense formaldehyde solution is charged

into the top of the column; a plurality of vertically

15 spaced reactor stages, each stage containing an inlet for

receiving tomidehyde solution from the formaldehyde inlet,

a catalyst for reacting formaldehyde solution into trioxane,

an ocutlet for discharging trioxane and formaldehyde, a

. sieve tray positioned above the outlet and horizontally in

20 the column for receiving trioxane and formaldehyde from the

outlet, and a downcomer vertically positioned in the column

adjacent to the catalyst and sieve tray; a plurality of

vertically spaced extractor stages, each stage containing a

horizontally disposed sieve tray attached to a vertically

25 disposed downcomer, said downcomer being positioned for

receiving solvent from the solvent inlet and directing said

solvent beneath the sieve trays to;the extract outlet, said

downcomers being of sufficient length to provide a trioxane-

formaldehyde coalescing zone above the sieve trays and

30 directing the solvent solution above the coalescing zone;
said process characterized by the steps of:



hori zontal ly di sposed sieve tray attached to a vertically 25 di sposed
downconer, said downconer - being positioned for recei ving solvent from
the solvent inlet and directing said sol vent beneath the sieve trays
to the extract outlet, said downconers being of sufficient length to
provi de a trioxane- f or mal dehyde coal esci ng zone above the sieve trays
and 30 directing the solvent solution above the coal escing zone;

sai d process characterized by the steps of: .

14 (a) charging an aqueous formaldehyde solution into
t he col um; (b) charging a solvent that is trioxane-m scible
and aqueous fornmal dehyde;j mm scible into the colum; 5

(c) reacting the aqueous formal dehyde solution at the

reactor stages t ﬂ?&r fﬁﬂ%ﬁgﬁ#oﬁ”%ﬂféﬂ ”fBPﬁaldehﬁl\ea solutidi’ frtgehyde

is in equilibriu | OXane
tri oxane- f or mal dehydethe| eelenn; (d) percolating the
tri oxane-fornal dehyde sol uti on 10 . through the sieve tray to

form dropl ets; e) extracti rioxane from. I into
t he (b) so%?‘é? Bhi °£Yﬂéc%£s*3ggf?§£ﬁ? oégggﬂa’ig &ha
trioxane-rich sol vent aqudoust formabdehyde-immiscible intorthe|golumn; 15
(f) discharging trioxane-rich solvent and tri oxane-
5 (¢) reacting the aquecus formaldehyde solution at the
reactor stages to produce trioxane wherein the
formaldehyde is in equilibrium with the trioxane

in a trioxane-formaldehyde solution;

(@) percolating the trioxane-formaldehyde solution
10 through the sieve tray to form droplets;

(e) extracting trioxane from the droplets into the
solvent at the extractor stages to produce a
trioxane-rich solvent: and a trioxane-lean
ratfinate; ;

15 (£f) daischarging trioxane-rich solvent and trioxane-
lean raffinate from the column; and

(g) recovering trioxane from the trioxane-rich
extract,

vherein the extraction of trioxane from the trioxane-

20 formaldehyde solution disturbs the balance of the
equilibrium equation which provides for the reaction of
agqueous formaldehyde solution at subsequent reactor
stages to produce additional trioxane.



| ean raffinate fromthe colum; and (g) recovering trioxane
from the trioxane-rich extract, wherein the
extraction of trioxane fromthe trioxane- 20 f or mal dehyde sol ution
di sturbs the bal ance of the equi li brium equation which provi des
for the reaction of aqueous fornmal dehyde sol ution at subsequent
react or stages to produce additional trioxane.

Referring to FIG 2, there is illustrated a schenmatic view in

el evation of a typical apparatus in which the multistage in situ
catal yst reaction-extraction process is conduct ed when the aqueous

f or mal dehyde solution has a 5 density greater than-that of the sol vent.

I n accordance with this process, tA& dispersed phase aqueous

f or mal dehyde solution is charged into the top. of the colum and the

conti nuous phase Reflexzing $ac¥IGze@ i herendardllymtantead a schematie.
Vertical cokigw 2if haxevatidincds! er eypicaliclapidrdtus and onitR! hld
|ocated ot SRR ST SV Fstson B AR BB
| ocated at cmitictedndhenf the aqueous! Wordaldelrrde visodjutionerhaana
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di sposed andolamiri.caVeytical column 210 has attached thereto inlet 215
10 and outlet 218 located at opposite ends of the column for
receiving formaldehyde solution and discharging raffinate.

Inlet 212 and outlet 214 are 1ocat§d at opposite ends of the

column for receiving solvent and discharging extract, so

that a continuousg, countercurrent f£flow of formaldehyde

1s solution and sclvent 1is maintained within the column.
Stream 215 feeds formaldehyde solution into catalytic guard

bed reactor 220° vhich reacts the sqlution according to

Formula (I) to produce a trioxane-formaldehyde equilibrium

solution which feeds to inlet 216. Inside the column are

20  located a plurality of horizontally disposed and vertically
spaced catalytic bed reactor stages 222, 225 and 228 each

having inlet sides 221, 224 and 227 and ocutlet sides 223,

226 and 229. Sieve-plates 242, 244 and 246 are located

~ below the cutlet sides of the reactor stages, and upcomers

25 262, 264 and 266 are positioned vertically in the column and
located adjacent to the reactor stages and sieve-plates.
Alternately spaced between the reactor stages are
horizontally disposed extractor stages 250, 232, 254, 256

and 258 each containing a sieve tray 240, 243, 243, 345 and

30 247 on its lower side. Upcomers 260, 261, 263, 265 and 267

/ _ are located adjacent to the extractor stages. The upcomers



spaced catal ytic bed reactor stages 222, 225 and 228 each havi ng inl et
sides 221, 224 and 227 and outl et sides 223, 226 and 229.

Si eve-plates 242, 244 and 246 are | ocated bel ow t he outl et sides of
the reactor stages, and upconers 25 262, 264 and 266 are positioned
vertically in the colum and- | ocat ed adj acent to the reactor stages
and si eve-pl at es. Alternately spaced between the reactor stages are
hori zontal |y di sposed extractor stages 250, 252, 254, 256 and 258 each
containing a sieve tray 240, 241, 243, 245 and 30 247 on its | ower side.
Upconers 260, 261, 263, 265 and 267 are |l ocated adjacent to the
extractor stages. The upconers are positioned to
direct the flow of the continuous phaseyg fromthe solvent inlet to an
area beneath the sieve trays and finally to the extract outlet. The

gpcorrerls al age po : aiﬁﬂbﬂdﬁ? wa&ﬁaﬁ@owgﬁoi?weaﬁtmaadne%ﬁaﬁhowzne for
coal esc of_,t he al es on

272, 273, pSRem R %"ﬁ el 67 an 250X FrAShfR "ERe”Slove, tra¥H,
react or stagad ftlw];ltt s:mftuesmmtqohautlet. 2%The Agxcomers 2d@oand
288 created é&g@n I Ry *ﬁﬁfgb S higyoh the
si eve traysp?év& pr.ovi de %ﬁ‘l’?l gﬁ%]a surface ar ea or %tg&?gc % t he
cont i n&ous Sﬁ&-‘ﬁi’?ﬁ-&%&? e Aispersed i Phage s | cFealescing zopes: 279 of
trioxane in2ea,h@?2ql ey z‘u, 275, 276 andpe77t ave, lbbatednabowe i TheEase

 2echar 9o Wk Sackor ! Shodels tbbes'S) DRBBIORA o5 R Rk b Billme 11
at adequat ezlbow 282es 3294, r caRé cind Caﬁal oreatedudy the trioxame-or
220. An ini eo2halARhydd’ 30iutdond pasEAgU thitddgh the sieve trays
10 provide additional surface area for interfacing the
continuous and dispersed phases to provide efficient
extraction of trioxane into the solvent.

In operation, the continucus phase is charged into

solvent inlet 212 to flood the column 210, and, thereafter,

15 the dispersed phase is charged to formaldehyde inlet (215)

' at adequate flow rates and reacted at catalytic, guard bed

reactor 220. An lnitial reactiop according to Formula (I)

occurs to produce trioxane in a trioxane-formaldehyde

reaction equilibrium solution. The equilibrium solution is

20 fed through inlet 216 into the column. The solution

accunulates above extract stage 250 to fora coalescing zone

270. The height of the coalescing zone increases until the

gravitational force is sufficient to overcome the pressure

drop across the extractor stage. Upon overcoming the

25 pressure differential, the dispersed phase percolates down

through the sieve tray of the extractor stage to form
droplets 280. These droplets contact the continuous phase, '

wherein trioxane is extracted froa the equilibrium solution

into the solvent. This process is continued at each stage

' 30 throughout the column until a .steady state operation is



occurs to produce trioxane in a trioxane-formal dehyde reaction

equi libriumsolution. The equilibriumsolution is 20 fed through inlet
216 into the colum. The sol ution accumrul at es above extract stage
250 to form coal esci ng zone 270. The hei ght of the coal escing zone

I ncreases until the gravitational force is sufficient to overcone the
pressure drop across the extractor stage. Upon overcom ng the 25
pressure differential, the dispersed phase percol ates down t hrough t he
sieve tray of the extractor stage to form dropl ets 280. These droplets
contact the continuous phase, wherein trioxane is extracted fromthe ,
equi librium sol ution into the solvent. This process is continued at
each stage 30 t hroughout the colum unt4 | a steady state operation is

17 achieved to yield a trioxane-rich extract 214 and a

trioxane-| e%ﬂf&‘é&‘at& Zﬁeld a trioxiﬂe-ﬂﬁéﬁd CREraCeCiPis. &nd -afirst
st age react s are gcated outside rather than inside the
colum to 97lean %ﬁ?’e%% | on.or replacement of the catal yst .
Due to netalli c catlon contam nates, e.g., potassium sodium etc., in
the aqueous for t t

initial reactor W?ﬁ%&‘f% %Qctéxl:s, co'Ied’rfnf?%Qpreve %{8?8%%1?3 d¥e

cont ani nat i mzcamvxmam ntsids irathen mmumae dhe olupn (ko
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after separation of the @ ref‘o aneo %duc d therefrom angg‘
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solution) repdidme, léte.; einntheat aquednkotomxdhhggot coﬂ.lmtimcels!s is

convenient to place the initisl reactor stage outside the

column to prevent column contamination. However, if

10 desired, the initial reactor may be located inside the
column. '

The solvent may be recycled after separation of the
trioxane produced therefromn, and the trioxane-lean ratfinate
(i.e., spent, aguecus formaldehyde solution) may be

1s reconcentrated for recycling to the process.

The column is generally fahricated from a metallic or

other suitable material and may contain an inert liner. It

is of sufficient height and diameter to accommodate a

plurality of extractor and reactor stages to maintain a

20 relatively high conversion and extraction of trioxane. The

sieve trays may contain multiple holes, typically in the

range of about 0.01 to about 0.5 inches, and preferably in

the range of from about 0.03 to about 0.3 inches in

diameter. The holes are typically spaced from about 0.5 to

25 about 0.75 inches apart. The sieve trays function to create

additional surface area of the dispersed phase to provide
efficient extraction.



The columm is generally fabricated froma netallic or ot her suitable
material and may contain an inert liner. It Is of sufficient height
and dianeter to acconodate a plurality of extractor and reactor
stages to maintain a 20 relatively high conversion and extraction of

tri oxane. The sieve trays may contain nultiple holes, typically in the
range of about 0.01 to about 0.5 inches, and preferably in t he range
of fromabout 0. 03 to about O . 3 inches in di aneter. The holes are
typically spaced fromabout 0.5 to 25 about 0.75 inches apart. The sieve
trays function to create addi tional surface area of the dispersed
phase to provide efficient extraction.

-Typically, the extractor and reactor stgges are alternately spaced in
the columm to achi eve efficient reaction and extraction of

tri oxane. Howeyedicallys tho aextrgetort and bhreactbrccsétages t are

referred s ! Qhest |
gt ages. Basgg%%tgflf m SCI brii 1%'l of @?ﬁanﬁ%ﬁ@%smnt E%:hl S
ar r angenent Tgastion y apdov easzastiponi caf r Sxdoxnnes t henWﬁVGFrfl om from

the equili ?MM}C A j[toia ?eh%ptlawnmth the d saguence of
arrangenent of extractor,and reactor .s S in accor e e

i nvent Pon wPPe 582 tf°i Pﬁgs%yg% ?ﬁkf e Fﬂg Wbalaedq

The trineri patlbheofnmhﬂsi.ﬁ}oroil detdoiane| sitbn the MJyMrs in
the presenc %&& gf"t i&%ﬂdﬂ cffi@i&i’é' Yemba1C ab#! is a
macroreti cu ar nacrop rous | tion exc

ange resin haV|n sul fonic
acid groups®¥ emaam grom the; #qy GQHS By o9l “&*@H*deMuPP&'ﬁ’E‘% d,
: embodying the arrangement of extractor and reactor stages in

10 accordance with the invention will become apparent to those
skilled in the art.

The trimerization of agueous formaldehyde solution
generally occurs in the presence of a solid acidic catalyst.
Typically, the catalyst is a macroreticular or macroporous

15 cation exchange resin having sulfonic acid groups. Suitable
acid groups may be provided by sulfuric acig,
methanesulfonic acid, p-toluenesulfonic acida, etc.
Convenient catalyst carriers may be selected from zeolites,
i.e., silica alumina, alumina, silicon carbide, solids based

20 on water-containing metal oxides such as iron (III) oxide,
2zirconium dioxide, titanium dioxide, and mixtures thereot,
These carriers may be impregnated with the sulfonic acid
groups and calcinated at relatively high temperatures to
provide a suitable catalyst. Solid acid catalyst made from

25 crosslinked polytetrafluorcethylene or astyrene
divinylbnezene copolymers containing active sulfonic groups
are suitable catalyst for the process, e.g., sulfonated
polystyrene divinylbenzene copolymer, perflucronated polymer
sulfonic acid, and perfluorosulfonate polymer. A

30 particularly preferred catalyst is Amberlyst™ XN-1010



met hanesul fonic aci d, p-tol uenesul fonic acid, etc. Conveni ent
catalyst carriers may be selected from zeolites, I.e., silica alum na,
alum na, silicon carbide, solids based 20 on wat er - cont ai ni ng net al

oxi des such as iron (111) oxide, zi rconi um di oxi de, titanium di oxide,
and m xtures thereof. These carriers may be inpregnated with the

sul fonic acid groups and calcinated at relatively high tenperatures
to provi de a suitable catal yst. Solid acid catal yst made from 25 '
crosslinked pol yt etrat| uor oet hyl ene styrene

di vi nyl bnezene copol yners contai ni ng actiée sulfonlc gr oups are

sui tabl e catal yst for the process, ul f onat ed pol ystyrene

di vi nyl benz oronat ac and

oo {1 wor osul $ERGE SUSAR, hof hbb %dﬁ" F¥FERRY, ) prfthasiiial R T

Anber | yst [ erPhigN-¢atalyst is a sulfonated, crosslinked, styrene+9

di stribut ed §yoBebPibandehienNc B IanI m‘,&g form. NI gcakgl yst
ne- L,viny

is a sul fonated, cross?lnked benzene co o yner I'n the

hydrogen f orf¥Picatlyschar °F95F~ B21 cﬁarPéthteiﬁlfe(fjtﬁP £H el€i @ of
about 1§ to d&boutbsotmééhbely. £ prefayabily grieatarethan hbantabouheaﬁ nesh

a nean pore e oghty O c
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about 3.1 ripergentand a annfacensrea oof m%o&ﬁ%?ﬁﬁm.f t Rer cpt ohe
voi d vol unme Gicﬁﬂﬁg atabyéity e a&ut ¥, 4hhggraal d%EG PulX alnsity of
generally in the range of él%out 260 out 90 rcent and&? ably
in the range®BPUthdd 1P8/LYH { ThBYP ‘@r‘m}ﬁ T B‘%cross
t he {o_eﬂm sh withiupasahlmadts):lha 130.&.5&9&119 2 ) tmdh &hmgsa oz nntaﬁes of
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typically co20m Ma&mmm.abm pressure dxdpe ndrodimitdia bed dec
catal yst whigppiB¥10¢ RACKRE PRLhYECBE about! 8525Ce8’ aBBLE! ABCiACRRANSE
reaction phase. It is preferable to keep the pressure drop
is in the range of about 1 to about 6 inches of reaction phase.
The beds will typically contain from about 1 to about 12
inches in height of the catalyst which may be packed between
plastic or metallic screens.

.
4

Suitable solvents for the procesa may be selected using
20 the empirical eguation:

DC = 0.025A + 0.05B + 0.0087C + 0.016D + 0.22

vherein DC is the distribution coefficient, A is the mole
percent of ether functional group in the solvent molecule,
B 1is the mole percent of ketone functional group in the
25 solvent molecule, C is the mole percent of phenyl functionzl
group in the solvent molecule, and D is the mole percent of
chlorine on aliphatic carbons in the solvent nolecule.
Generally, solvents exhibiting a DC of at least about 0.75



Sui tabl e sol vents for 'the process may be selected using 20 the enpirical

equat i on: DC - 0.025A + 0.05B + 0.0087C + 0.016D + 0. 22
wherein DCis the distribution coefficient, Ais the nole per cent of
et her functional group in the solvent nol ecul e, B is the nole percent
of ketone functional group in the 25 solvent nolecule, Cis the nole
percent of phenyl functional ' group in the solvent nolecule, and Dis
t he nol e percent of chlorine on aliphatic carbons in the sol vent

mol ecul e. CGeneral ly, solvents exm®iting a DC of at |east about 0.75

20 are suitable for the process. The distributiop coeffri:cieit
may be dep%ﬁﬁﬁm% .ngfeg?&'rpomﬁtd ﬁ%ﬁ?@“my £1g ef‘ﬁeh -
organi ¢ phasey Cibe | ihgd thé Obé gt e floe ncofjionent imecondupoundphase.
The net hod ‘gi &Sé$&g%§'&g Wbéngg (o] vams'@f&@ogf%;eg%&rg listed
I n Exanpl e an ab , resp %ﬁ?gy Il ny Fi qui d
sol vent t h&&her agueeusci phase; t h The netrhed (efiydetermining hswitable

trioxagie NyoBeéNEsdnd coefffcidmtd Ax iatiddoInCRERADEE! 7T &hal PaLRBOCESS,
sui table 10 solvenég mill generally exhibit a density greater or |ess
than that ofs tFRSREGEE¥EIYor nal dehyde sol ution to pronote

gravitational flow, and may be selected from saturated or unsat ur at ed

o1y Phat | HISE° B kel QRN WA ore, dSUBIINGE yiER""
et hers, . as fp¥naldehydec and niscible Withyreriexane umey oPexver dshsaand
hal ogenat edgyjtaniie’ ieddizacdSidn e NP 2! Yené Nprocesd)! baiesbgat ed
Fr oM AN o fYEnel ¥11T gRhakally eRRiBIE a°'dohslty Graater or less
than that of the aquecus formaldehyde solution to promote
gravitational flow, and may be selected from saturated or
unsaturated lowver aliphatic hydrocarbons or halosubstituted
derivatives thereof. Solvents that tend to wvork well with
15 the invention are ketones, ethers, as well as those
containing aromatic functional groups and halogenated
derivatives thereof. Typically, the solvent is selected
from hexane, cyclohexane, pentane, heptane, ethylbenzene,
monochlorobenzene, orthodichlorobenzene,
20 paradichlorobenzene, benzophenone, acetophenone, anisole,
trimethylbenzene, tetramethylbenzene, toluene, o—, m-, and
p-xylenes, biphenyl, diphenyl ether, and methylene chloride.

The density of the solvent (relative to the density of

wvater) will genérally deteraine whether the flow of the

25 agueous formaldehyde solution in the column will be in the
direction of or against gravity, Solvents exhibiting 2
density greater than that of aqueous formaldehyde solution

may be selected from orthodichlorobenzene, methylena
chloride, diphenyl ether;  monochlorobenzene,



nmonochl or obenzene, ort hodi chl or obenzene, 20 par adi chl or obenzene,
benzophenone, acetophenone, ani sol e, tri met hyl benzene,

t et ramet hyl benzene, tol uene, o-, m, and p- Xyl enes, bi phenyl, diphenyl
et her, and nethyl ene chl ori de. The density of the sol vent
(relative to the density of water) will generally determ ne whether
the flow of the 25 aqueous fornmal dehyde solution in the colum will be in
t he direction of or against gravity. Solvents exhibiting a

density greater than that of aqueous formal dehyde sol ution may be

sel ected from orthodi chl orobenzene, nethypgne chl ori de, di phenyl

et her nonochl or obenzene,

21 par gsaréd bechberobenzeneg et opbetophenondgnzdpanzophenone;  and

m xtures ther hi b d

aq)tjegussf or ma ‘F%Ta?’ggbgeﬁ&?%g Irraba%ggnéf Eﬁ#‘#“ﬁé e &Qﬁﬁztgl e&ha%bnzene
hexane, cyctsexefcagquepus ﬁﬁmw‘hﬁﬂywﬁéﬂ% B2y het ﬁ?iﬁﬁﬁ@énﬁrﬂ
tetramet hyl beﬁfe&e;ol Uehénzene, O- hedanejnd paybhenaxaaad M Xpldy

t her eof . Cener aqueous .f qQr nal e sol utign shoul'd
contain 3t | eﬁ%‘?’%ﬁﬂf“@g'%&‘&# M‘&ﬁr %’%&R’b’e‘“‘ £o1uene

Typi cal | y, the-sake}i andspouirienent and aixtuzesuthédeos. 10 about 80

percent by weight, and preferably from about 60 to about 70 percent by
wei ght of fornmal dehyde. The a%beous f or mal dehyde sol ut ion utilized in
-the process of theCBPeSadly, the Aquecws fprmaldehyds solukicm: fhowdd py
evapor ati on, contaﬂnsatlide@rhuiumbb FE6HE A5y adyht! oft heﬁaiabhbad.l n

{cedst ock <ol BIPORSRAFor TS BT ot %&r@&”ﬁ*“ed ole g9 e

processl0The mmtusofpmbntyw wight oand prafierably froa aboulr 60 to
renove any fogghgl 7o GRirdin® by ‘wltyRe 682E¢thaldehyde. The aquecus
formaldehyde solution utilized in the process of the present
invention is typically concentrated by evaporation,
distillation or other methods known to those skilled in the
15 art. Spent formaldehyde solution may be combined with
feedstock solution prior to concentration and recycled into
the process. The agqueous formaldehyde solution is typically
filtered to remove any foreign matter prior to being charged

into the guard bed reactors and column. '

20 The dispersed phase, typically, may be charged into the
column at a flow rate in the range of from about 0.1 to
about 10 ml/cm’/min, and preferably in the range of from
about 1 to about 4 ml/ca?/min. . The volume ratio of the
continuous phase to dispersed phase may be in the range of

25 about 0.5 to 20, and preferably in the range of about 3 to
10. b

S
The following examples are general illustrations of the
process of preparing trioxane according to the present



into the guard bed reactors and col um. 20 The di spersed phase,

typically, nmay be charged into the colum at a flowrate in the range
of fromabout 0.1. to about 10 m/cnferr]/mn, and preferably in the
range of from about 1 to about 4 m/cnferr]/mn. The vol une ratio
of the conti nuous phase to di spersed phase nmay be in the range of 25
about 0.5 to 20, and preferably in the range of about 3 to 10.

The foll ow ng exanples are general illustrations of the process of
preparing trioxane according to the present

22 invention. . They are provided for purposes of
exenplification only as should be appreciated fromthe f or egoi ng

di scussion. Gt her arrangenents of the ré%ct or and extractor stages

within the coeoftheln ntion will 5 r.eadi | becorrea arent o
¥ SveRti. oy ey O"a¥e | pRowibd ¥ox o

t hose skill *art. ppa
t hat of FI Mmhiﬁic&tignar@hedaseahmlﬁ:oh&aiamxm&oim&hyst

z%oggnt ai negfﬁo ) cata yt|c beg'hr ea%f%gﬁé\géand SI Xréc&% -

extract or S®EEEACEYF c StAGRS, (Vithinisthe, scope (9 theh inventmtai ing

about g40 gﬁsaai1y39eaaib £§§sf&ﬁ§tta$&556h gkflled in'€RéNares placed in
screens to reduce the pressure drop across the reactor bed. Twenty

(20) percent of the bed 15 space was reserved for catal yst expansion and

to assist in Example 1

Utilizing an apparatus similar to that of FIG. I, the

guard bed reactor contained a +30 mesh Amberlyst XN1010
cationic e&dhange resin. The column was 2* dia. x 102" ht.

10 and contained two (2) catalytic bed reactor stages and six
(6) extractor stages. The catalytic beds were 12® ht. each
containing about 240 gms of +30 mesh Amberlyst XN1010. The
resin wvas placed in screens to reduce the pressure drop
across the reactor bed. Twenty (20) percent of the bed

15 space was reserved for catalyst expansion and to assist in
pressure drop reduction. The enmpty space, however, is
filled due to resin expansion dauring the flow of
formaldehyde solution and solvent through the column. The
sieve trays contained four sets of 0.055" holes on the

20 corners of 1™ x 0.6" rectangulars. The downcomers, made of
plastic measured 3/8" in diameter. The length of the
downcomers wvere about S5.5" with the exception that the
length of the downcomers at the reactor beds were about

19.5" in length. The outlet side of the catalytic beds were

25 about 0.25" from sieve trays above theam, and inlet side of
the beds were about 18% from sieve trays beneath them. The
distance betwveen two adjacent extractor stages was about 6%.

A 51% by weight aqueous formaldehyde solution,
containing 0.56% by wveight of trioxane, was charged through

A

13



pressure drop reduction. The enpty space, however, is filled due to
resin expansion during the flow of f or mal dehyde sol ution and

sol vent through the colum. The sieve trays contained four sets of

0. 055" holes on the 20 corners of 1" x 0.6" rectangul ars. The downconers,
made of pl astic neasured 3/8" in dianeter. The I ength of the
downconers were about 5.5" with the exception that the | ength of the
downconers at the reactor beds were about 19. 5" in length. The outlet
side of the catalytic beds were 25 about 0.25" from sieve trays above
them and inlet side of t he beds were about 18" from sieve trays
beneath them The di stance between two adj acent extractor stages was
about 6". A 51% by wei ght adﬂ%ous f or mal dehyde sol uti on,

cont ai ni ng Q..56% b i ght, of (. triox S arge r h

23 t he alﬂy#é% ?st & 01:%%% gfvé?m' %;]t wcgﬂgnprodm an
equi | i bri umegiilibnivemacliution todtainingel 1% My weighinef trioxane.

sol vent, conjgal g &?‘F 1%&1&‘? ' 08314 b AN t2doxane, fed
countercurrent to % orma \gﬁu%%t go?tljtsii(,)i at a floj\{v rate 5 ‘0'?5426

g nin (sol meﬁﬁpﬁeﬁ?dqu-mmf‘%‘ﬁpn at atlow rate
concentg at i o Qf26 gayaine (B81veaAteto-foinaldeliydé iveight rativeof P.2)% and

0,030 2 . oL SRS, oF el Sulid oo JEANEL) i Afriiatl

convent i onalwepe 08czt%sand 0.63% by wedighter weapectiveldy.coThentuiexane

Conver st on REPRIEyipA Fate in Ch"E1voRE Wde ALi7¢ LAPIA cofperad SFTT

conver si on rroxane olvent was calc

7% by
wei ght. Therdbout Qad4; @ r e FARYEREXORRL o PFOCEESES:), oducﬁ'ﬁn
rate 10 OVeémpePatiteOobE theoexlumh during operation wvas maintained

between 95° and 100°C. The percent conversion of trioxane
in the solvent was calculated to:.be 5.7% by wveight. There
vas a 60% increase in trioxane conversion/production rate
over conventional processes.

&

15 " Example 2
Utilizing a column of Example 1, an agqueous
formaldehyde solution containing 52% by weight of
formaldehyde was charged through the guard bed reactor to
produce a trioxane-formaldehyde equilibrium solution
20 containing 1.78% by weight of trioxane. The equilibrium
"golution was fed to the coluan at a rate of 68 gm/ain. The
solvent, containing 0.68% by weight of trioxane, was fed
countercurrent to the formaldehyde at a flow rate of 436
gm/min (solvent-to-formaldehyde weight ratioc of 6.4). The
25 concentrations of trioxane in the solvent and raffinate vere
1.00% and 1.01% by weight, respectively. The trioxane
production rate in the solvent was 1.40 gm/min compared to
1.21 gas/min utilizing conventional processes. The
temperature of the column was maintained within the range of
30 95° and 100°C. The conversion rate of trioxane in the



15 Exampl e 2 Uilizing a colum of
Exanple 1, an aqueous f or mal dehyde sol ution containing 52% by

wei ght of f or mal dehyde was charged through the guard bed reactor to
produce a trioxane-formal dehyde equilibrium solution 20 cont ai ni ng

1. 78% by wei ght of trioxane. The equilibrium solution was fed to the
colum at a rate of 68 gmmn. The sol vent, containing 0.68% by

wei ght of trioxane, was fed countercurrent to the fornal dehyde at a
flowrate of 436 gm mn (sol vent-to-formal dehyde wei ght ratio of

6.4). The 25 concentrations of trioxane in the solvent and raffinate were '
1. 00% and 1. 01% by wei ght, respectively. The trioxane producti on
rate in the solvent was 1.40 gnimn conpa®4ed to 1.21 gmmn
utilizing conventional processes. The tenperature of_ the colum

was mai nt ai ne&dlvent phare wasky4 .08 by veight, | There Was & (168 ingrease

conversion rahe Qfﬁbﬂﬂﬁa%ﬂﬂfﬂ%nlproduction rate over conventional
24 sol vent phase was 4.0% by wei ght. .There was a 16% i ncr ease in

tri oxane conRHAGRFRvducti on rate over conventi onal processes. 5
Uilizing the colum of . Exanple 1, an _aqueous f or mal dehyde

sol ution containing 73.3% by weight o f Qr mal dehyde and 0. 02% by

wei ght of trioxane. was charged —the guard bed reactor to
produce @n equi | i BFtikizing stheti columnt aPfi nExampleby luei N AIREP®Kane.

e on e st Lan Sogedshong )T 40Ny Wil of

trioxane, wasEQERRIARRYIS eﬂt‘o?g §¥e ‘f%-;?h"r o%%nyﬁs%"gnesm i%?ﬁ?e‘a

rate of 465 otHéugh sthecgudrd fbedurdabydr to produce an equilibrium

solution containing 4.9% by weight of trioxane. The

10 solution was subsequently charged to the column at a flow

rate of 66 gu/min. The solvent, .containing 1.32% by weight

of trioxane, was fed countercurrent to the formaldehyde

solution at a rate of 465 gm/min (solvent-to-formaldehyde

weight ratio of 7.0). The concentration of trioxane in the

is extract and raffinate vere 2.43 and 1.64 percent by weight,

respectively. The trioxane production rate in the solvent

was 5.16 gm/min compared to 3.22 gm/min utilizing

conventional processes. The temperature of the column was

maintained within the range of 95°* and 100°C. The

20 conversion rate of trioxane wvas 10.78%. There wvas a 60%

increase in trioxane conversion/production rate over
conventional processes. '

An aqueocus formaldehyde solution containing 63% by

25 weight of formaldehyde was charged through the guard bed
reactor to produce an equilibrium solution containing 3.7%

by veight of trioxane. The equilibrium solution was charged

into a column siiilar to that of Example 1 with the except

that the column contained 18 reactor stages and 57 extractor



wei ght ratio of 7.0). The conce ntration of trioxane in the 15 extract
and raffinate were 2.43 and 1.64 percent by weight, respectively. The
trioxane production rate in the solvent was 5.16 gnmimn conpared to
3.22 gmimn utilizing conventional processes. The tenperature of the
col um was mai ntaihed within the range of 95[err] and I00[err]C
The 20 conversion rate of trioxane was 10.7% There was a 60%

i ncrease in trioxane conversion/production rate over conventi onal
processes. Exanpl e 4 An aqueous
f or mal dehyde sol uti on contai ning 63% by 25 wei ght of fornmal dehyde was
charged through the guard bed - reactor to produce an equilibrium
solution containing 3. 7% by wei ght 28f trioxane. The equilibrium

sol ution mas charged .a colum simlar to that ogg Ie 1. mnth

the except Stagefi,; ’H\’é‘%o FachAra8tagess ware (Ria ‘E‘P‘ag
extractor reactor stage, and two extractors were placed above sumes.

ot ractor & APReREA oPHRRS. VAESE. 7' HEE, Jlitanse St Safert Lo e

-bet ween adj au&nctor stages t vass@heswhile 6thevidiatance dbetween Hlencen

the 5g Oubhgiet 43def ok"€né é)%aaaﬂatéﬁesa ﬂﬂ&%ﬁ’e!ﬂt
was 6". The di stance betvveen t he SI eve tra catal yti bed i nl et
was 12". Th¥a8qS"-i hAbemdds qsleve Eray and catadvhic o

rate of 65 wwet:rrmsouent The WM@ SSwtion  wasnchagged ed to
%?gﬁ?l lrjgpi gl*? e %Q' amln™ eOfc‘oﬁ"gen o&(g%xaﬁeﬁ%%q‘% fact
and r acPpsadining @%2 of mca:m.byanem tor theccolvan, atTige £low
trioxgge predee’ b2N208! gnfiih fasPbeRElitdPforhalidiyde Weight ratio of
3.2). The concentration of trioxane in the extract and
raffinate were 2.2 and 0.3% by weight, respectively. The
trioxane production rate in the solvent wvas 4.58 ga/ain
compared to 2.41 gmn/min utilizing conventional processes.
15 The temperature of the column wvas maintained within the
range of 95° and 100°C. The conversion rate of trioxane was
11.2%. There was a 90% - increase in trioxane
conversion/production rate over conventional processes.

Exaxple S
20 An aqueocus formaldehyde solution containing 64% Dby

weight of formaldehyde was charged through the guard bed
reactor to produce an egquilibrium solution containing 3.6%
by weight of trioxane. The solution was charged into a
column similar to that of Example 4 at a rate of 65 gm/min.
25 The solvent, containing 0% of trioxane, was fed to the
column at a flow rate of 195 ga/ain (solvent-to-formaldehyde
veight ratio of 3.0). The concentration of trioxane in the
extract and raffinate were 2.4 and 0.4% by weight,
respectively. The trioxane production rate was 4.68 gm/min
30 compared to 2.34 gm/min utilizing conventional processes.



conpared to 2.41 gmimn utilizing conventionl processes. 15 The
tenperature of the colum was nmaintaind wthin the range of 95[err]
and 100[err] C. The conversion rate of trioxane was 11. 2% There
was a 90%- increase in trioxane conversi on/ production rate over
conventi onal processes. Example 5 20

An aqueous fornal dehyde sol uti on contai ni ng 64% by - wei ght of

f or mal dehyde was charged t hrough the guard bed reactor to produce an
equi l i briumsolution containing 3.6 % by wei ght of trioxane. The
solution was charged into a colum simlar to that of Exanple 4 at a
rate of 65 gnfmn. 25 The sol vent, cantaining 0% of trioxane, was fed to
t he colum at a flow rate of 195 &rﬁm n (sol vent-to-formal dehyde

wei ght ratjQ of_3.0). The cqncentration of triaox in the . extract and
raffinate e %ﬁtﬁ‘.’ﬁ%"&/% gﬁ?,fm “Pes'@na%# vithip, %e
product i onrange wis 95°63ndnio0NC30 Theccgnvexsion Xate ol triaxare 4mg
convention q@gﬁs. - easge 26
The tenper g’t"ﬁ'??%n t e‘co| urmwav?as}zrfé‘l’ltﬁt aii‘rll‘e‘a"cvm't‘m r? tlr?gt incrr angei&
95[err] an¥¥HioXane | (CONYRXELON/PEIMMFELION orate oRYRE | sonventdiqnaly| vent

phase gnas otéssedlere was a 100% i ncrease in tri oxane

conversi on/ production rate over conventional 5 processes.

Exanpl e 6 An aqueous formal dehyde sol uti on contai ni ng 59% by
wei ght of fornmal dehyde was charged EXann}e 6he guard bed reactor to

P Poxane. The 20f pifests '¢cihai¥ihidd "YoFubich ' Lontiinfiigd 5o’ by
weight of formaldehyde was charged through the guard bed
reactor to produce an equilibrium solution containing 2.6%

10 by weight of trioxane. The solution wvas charged into a
column similar to that of Example:.4 at a rate of 65 gn/min.
The solvent, containing 1.2% by weight of trioxane, was fed
to the column at a flow rate of 338 ga/min (solvent-to-
formaldehyde veight ratio of 5.2). The concentration of

15 trioxane in the extract and raffinate were 2.6% and 0% by
veight, respectively. The trioxane production rate was 4.73
gm/min compared to 1.69 gm/min utilizing conventional
processes. The temperature in the column was maintained
within the range of 95° and 100°C. The conversion rate of

20 trioxane wvas 12.3%. There wvas a 180% increase in trioxane
conversion/production rate over conventional processes.

T

Example 7 _
To determine the Distribution Coefficient, DC, of

solvents suitable for the process of the invention, a stock
25 solution of trioxane, formaldehyde and water was prepared
from paraform and pure trioxane. The exact formaldehyde
concentration was determined by sulfite titration, and the
trioxane concentration was calculated from the weights of
wvaster and trioxane added to the stock. Approximately 8 gms



colum simlar to that of Exanple 4 at a rate of 65 gm mn. The

sol vent, containing 1 .2% by weight of trioxane, was fed to the col um
at a flowrate of 338 gnimn (solvent-to- f or mal dehyde wei ght ratio of
5.2). The concentration of 15 trioxane in the extract and raffinate were
2.6% and 0% by wei ght, respectively. The trioxane production rate was
4.73 gm mn conpared to 1.69 gnmmn utilizing conventiona

processes. The tenperature in the colum was maintained wi thin the
range of 95[err] and 100[err]C. The conversion rate of 20 tri oxane was
12.3% There was a 180% i ncrease in trioxane conver si on/ producti on
rate over conventional processes. Exanple 7 To
determne the Distribution Coefficient, DC, of sol vents suitable for
the process of the invention, a stock 25 solution of trioxane,

f or mal dehyde and wat er was prepared 27 rom paraf orm and pure trioxane.
The exact formal dehyde concentration was determ ned by sulfite
titration, @ the 8tockt8bh:hnencverentmé.ghed Waccuxatel &pedzor.mme

\év?ghts o jtnhe st‘ock s%mn re% ai%f;teto rr] Uas O o
into -20 m Qﬁﬂﬁhﬁn§°¥N£M§p3€E°'Y‘¥9B dhﬁ ané;ég%
sol vent wer g g Wsha%dt he;ﬁepaman a:st\me The vﬂanlvwspmi&:d
%Shgga? -cl)-ler l’(éggﬁer%ﬂfﬂ m The # aé{ ﬁgil %‘ﬁe%'%eaﬂ&‘r-m %ﬁﬁg{%r%%bl e
of maint ai nlmtehe-cmpnlmbr capabler 0fir maintmining @ crrequired
90[ err] C ([ qledgardiird O 284.CE0e of YBE A40.5C). After temperature
equilibration, the vial was removed from the o0il, shaken
vigorously for ~20 seconds, and quickly returned to the bath
10 (this sequence was repeated at least 3 times for each
solvent). Folloving the final shaking, the solvent and
aqueous layers were allowed to¢separate completely. A
minute amount of the organic phaae vas then withdrawn form
the vial using a 1 microliter gas chromatograph (*GC*")
15 syringe. The organic phase wvas then analyzed by GC using
- the following conditions:



equilibration, the vial was renmoved fromthe oil, shaken vi gor ously
for -20 seconds, and quickly returned to the bath 10 (this sequence was

repeated at least 3 tines for each solvent). Follow ng the final
shaki ng, the solvent and aqueous | ayers were allowed to separate
completely. A m nute anmount of the organic phase was then w t hdrawn
form the vial using a 1 mcroliter gas chronmatograph . ("GC') 15
syringe. The organi c phase was then anal yzed by GC using t he
foll ow ng conditions: ' 28
I nst rument : Varian 1700 Det ect or: TC
Det ect or Tenp: 175[err]C | nj ector Tenp: 175[err]C
5 Col um Tenp: 95[err]C Program
| sot her mal Detector CR&ent: 275 mA

Instxrument: Varian 1700

. Detector: TC
Detector Tenp: 175°C
Injector Temp: 175°C
5 ' Column Temp: 95°C
Program: Isothermal

Detector Current: 275 mA

Attenuvation: 8
Carrier Gas: He, ~-30 ml/min
10 Sanple' size: 0.5p)
Colunmn: 67:x 178" SS, Celcon?® M-25
Drier Product, 100~120 mesh
Calibration: Trioxane and HCHO by external
standard (the *"stock“"soln.
i5 calibrated using a saturated

soln. of methyl isobutyl
ketone (1.9% E),0)
Trioxane DCs were determined using this experimental
procedure for a number of solvents. An equation was
20 developed to allow prediction of -untested solvents based on
functional group composition of the molecule. Table I lists
the functional group composition of a number of potential



At t enuati on: 8 Carrier @as: He, -30 m/mn

10 Sanpl e si ze: O 5[err]l Col um:

6' x |/8" SS, Celcon[err] M25 Drier
Product, 100-120 nesh Cal i bration: Tri oxane and HCHO
by external standard (the "stock"soln
15 cal i brated using a saturated

sol n. of methyl isobutyl ket one (1.9%
Herr]O Tri oxane DCs were determ ned using this experinental
procedure for a nunber of solvents. An equation was 20 devel oped to

al low prediction of untested solvents bg,{sid on functional group
conposition of the nolecule. Table | t he functional group

conposi tion

29 sol vent sso‘I ‘ﬂee'&e%‘gatl on %‘ﬂgéreog‘l Cftl ng Pﬁngf nﬁd corrggfi s%)"rl%éofa

predi cted ampupamisonnefl prxedicted hand sexperimen DCa for these
solvents.
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W claim

reactor-extractor colum according to the equilibrium

[err]

10

15

20

25

TABLE | [err]

1. A process for the continuous production
from an aqueous fornal dehyde solution in an integrated 5

31
of trioxane

reaction:

i

=
B
|

l F-Butyl Hoptvt Ketone 15 0.97
Minersl O} 0.22
Cycicoctanone 22 1.67
2,2-Dichioroathyl ether® | 11 1.30
Aostophencne® 23 o 1.93
| omptens 7n 084 0.90
Berzophenone® 15 ss 171 1.70
Tetralin ss 072 0.82
Curmnene 84 0. 78 0.86
Phenyl Ether* 1 89 1.27 171
Dz N-Butyl Ether 12 0.53 0.82
Aniscle 15 7 1.2 121
1,2,4-Témound Benzene e 0.77 0.50
Butyl Phonyl Ether 1" 51 0.68 0.8t
l Bipheryt® ' 100 1.09 1.06
- — I e

¢ indiostes that the patential for significant latecactions between funotional groupe exists in these malecules.



wherein the reaction occurs in an nmultistage in situ catal yst

colum wi th sinultaneous reaction and extraction co by
a colum consisting 10 essentially of a pluralliths § EE'FWA i
stages conpri sing a catalyst for reacting an aquequsn) hok yde
solution to trioxane, and, a plurality of extractor :

extracting trioxane into a solvent, said f or mal dehyde sol ution
and sol vent being in 15 countercurrent flewthrough the columm,
sai d process conprising the steps of:

i Qe (a i
charging a solvent that is nmiscible with This Shect Has, laceg
imm scible wth aqueous ' f or mal dehyHmIH "- | um;
20 (b) chargi ng an aqueous f3& nmal dehyde sol u Il

32

into the col um;
(c) reacting the aqueous formal dehyde SS3IMS on at the
react or stages dxafgoduce trioxane, said trioxane being

in reaction equiljbrium with for dehyde ,in a

tri oxane- f orital déhyREOSess for the continygis i%‘r‘?‘g‘ﬁ%%?ﬁt %gn;tr oxane

(d) extracting tiHtxem ia_mmdmuntbtruldbbxdqesolution in an integrated
formal gehyde sol yidQle dfl dicdbiictidt \undl according to the equillirid actor

st ages to pr oduce a tri oxane-
reaction:

3(}]'20 —2e

wherein the reaction occurs in an multistage in situ
catalyst ‘column with sisultanecus reaction and
extraction comprising by a column consisting

10 essentially of a plurality of reactor stages comprising
a catalyst for reacting an aqueous formaldehyde
solution to trioxane, and a plurality of extractor
stages for sxtracting trioxans into a solvent, said
formaldehyde 8Solution and solvent being in

15 countercurrent flov through the column, said process
comprising the steps of:

(a) charging a solvent that is niscible with
: trioxane .and immiscible with agueocus.
formaldehyde into the column;

20 (b) charging an aqueocus formaldehyde solution
into the coluan;.

AT



rich extract and a trioxane-lean raffinate; 10 (e)

di scharging the trioxane-rich extract and tri oxane-| ean
raffinate fromthe colum; and (f) recovering trioxane
fromthe trioxane-rich extract, wherein the
extraction of trioxane fromthe equilibrium 15 sol ution reduces the
concentration of trioxane in the sol ution wherein the

f or mal dehyde sol ution reacts at subsequent reactor stages to
produce additi onal tri oxane-formal dehyde equilibrium sol ution

2. The process according to Caim1, wherein the aqueous 20

f or mal dehyde solution charged into the colum . is at | east about
35 wei ght percent fornmal dehyde. - 39 The process according to Caim
2, wherein the catalyst is a cationic exchange resin conprising

a sul fonat ed

(f Sy 0&%&&&% SéNé Caguedus T¥raalAehYydRO HOMiEion N
the 25 hydr ogen for

33 4. The process acc?d’ro‘ﬁﬁ‘; ’Fﬁa%n??gﬁﬂeF& Rrpﬁ'é‘?oI%h‘fme'
is selected fromthe group caid stixjoxane ﬂ:ndanp in reaction egqiidibrive

pent ane, heptane, et hyI benzepqn %E‘gﬁﬁﬁlﬂ rgg%ggﬂﬂmﬁ,
or t hodi chl or obenzene, ara | C F’ enzene enzophenone,

acet oph®none, ’Etﬁ BRIEERIe, t et ranet hyl benzene,
t ol uene,

(d) extracting the trioxane from the trioxane-
formaldehyde solution into the solvent at
the extractor stages to produce a trioxane-~
rich extract and a trioxane-lean raffinate;

i :
10 (e) discharging the trioxane-rich extract and
trioxane-lean raffinate from the column; and

(£) - recovering trioxane from the trioxane-rich
extract,

wherein the extraction of trioxane from the equilibrium
15 solution reduces the concentration of trioxane in the
solution wherein the formaldehyde solution reacts at
subsequent reactor stages to produce additional
trioxane-formaldehyde equilibrium solution.

2. The process according to Claim 1, wherein the agueous
20 formaldehyde solution charged into the column is at
least about 35 weight percent formaldehyde.

3. The process according to Claim 2, wvherein the catalyst
is a cationic exchange resin comprising a sulfonated
crosslinked styrene-divinylbenzene copolymer in the

\ 25 hydrogen form.

-

AN |



o-, m, and p-xylenes, diphenyl ether, nethylene chloride, and

m xt ures thereof. 5. A process for the continuous production of
trioxane 10 from an aqueous fornal dehyde sol ution according to the
equi libriumreaction: [err]

wherein the reaction occurs in a nultistage in situ cat al yst
reactor-extractor conprises a vertical colum having an inlet and
outl et positioned at opposing ends 15 of the colum for receiving an
aqueous formal dehyde solution and discharging a raffinate, and
an inlet and outl et positioned at- opposing ends of the colum
for receiving a sol vent and ds3chargi ng an extract, said

inlets and outlets being positioned for countercurrent 20 flow,
wherein the &ore ﬂhesprmunacceréhaqg'eq Clabm 3, whereinithetsplventhe

gzl um. - and thgo: ut|on 'S cﬁrge nto th%r%% tgr%ng 'ti ?t hexane,
cyclohexane, pentane, heptane, othylbenzcne, bipheny;,
monochlorobenzane, orthodichlorobenzene,
S - paradichlorobenzene, benzophenone, acetophenone,
anisole, trimethylbenzene, tetramethylbenzene, toluene,
o-, m=, and p-xylenes, diphenyl ether, nmethylene

chloride, and aixtures thereof.

S. A process for the continuous production of trioxane
10 from an agqueous formaldehyde solution according to the
equilibrium reaction:

=0 oo

wherein the reaction occurs in a multistage in situ

catalyst reactor-extractor comprises 8 vartical column

, having an inlet and outlet positioned at opposing ends
15 of the column for receiving an aqueous formaldehyde
solution and discharging a ratfinate, and an inlet and

outlet positioned at opposing ends of the column for

receiving a solvent and discharging an extract, said

. inlets and outlets being pocitioned for countarcurrent
20 flow, vherein the more dense solvent is charged into
the top of the column, and the less dense formaldehyde

* ¢ L M § *



plurality of vertically spaced reactor stages, each st age
conprising an inlet for receiving forml dehyde solution fromthe
formal dehyde inlet, a catalyst for 5 reacting formal dehyde sol ution
into trioxane, an outl et : for discharging trioxane and

f ormal dehyde, a sieve tray positioned above the outlet and

hori zontal ly in the columm for receiving trioxane and

f or mal dehyde from the outlet, and a downconer vertically
positioned in 10 t he col unmm adj acent .to the catal yst and sieve tray;
and a plurality of vertically spaced extractor stages for
separating trioxane from formal dehyde, eggh st age conprising a
sieve tray positioned horizontally in the colum and a downconer

positioned verticgplytion! 88 éRarged int8! ¢HE BAtted 82cthe! 2olhEns cue
tray; said downcongrs ositioneq for recel%lgpg?%ol vent from
r e

b
t he” sol vent pluraliry; %dvﬁ%f% spaged  KeAGtor:
trays t stage ecomprisingt laz imket] for rreteivihggforhaldaghyde

ool LoPosi pAYGHIBS! VAR WA RN Itk % cararyst®ithr
f or mal d8hyde- t ri oxaactingl toxnaldehyde igoiation hnto trioxane; au cutletd
ext rfact or dst ages gg¢ dirwq,gs@%% a.ng[l foﬂ‘?.ﬂm?guﬁ”e cRalgdatiano
T Al P oCe o R BT iings, abaye, SK SiTpt i naFizentaily! th
f or mal dehyde- i nm thebtelumh Cdhreceiving trioxane and formalduhyds faom
agueous formal dehyflg 3geikkeo" d¥f % aowncomer vertilfafy piRitioned in
i0 the column adjacent to the catalyst and sieve tray;
and a plurality of vertically spaced extractor stages
for separating trioxane from formaldehyde, each stage
conbrising'a sieve tray positioned horizontally in the
colunn and a downcomer positioned vertically in the
15 colunin and adjacent to the gieve tray; said dowmcomers
being positioned for receiving solvent from the solvent
inlet and directing said solvent across the sieve trays
to the extract outlet, said extractor stages being
alternately positioned between the reactor stages, and
20 s3id downcomer being of sufficient length to provide a
formaldehyde~trioxane coalescing zone beneath the
reactor and extractor stages and direct the solvent
beneath the cocalescing zone; said process conprising'
the steps of:

x

25 (a) charging a solvent that is trioxane-miscible and
formaldehyde-immiscible into the column;

(b) charging an aqueous formaldehyde solution into
‘ the column;

[ —————
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(c) reacting the aqueous formal dehyde solution at the

reactor stages to produce a trioxane-forml dehyde reaction
equi li brium sol ution; (d) percolating the equilibriumsolution
through the 5 . sieve trays to form droplets; (e)
extracting trioxane fromthe droplets into the sol vent at
the. extractor stages to produce a trioxane-rich extract

and a trioxane-|ean raf finate; 10 ()

di scharging trioxane-rich extract and tri oxane- | ean
raffinate fromthe colum; and : (g) recovering trioxane from
the trioxane-rich - extract wherein the
extraction of trioxane fromthe reactioR%15 equi li brium sol ution

he T or mal dehyde 1)~ redeting she papets FEPREIARAE FTItIGR Al e 71"

accordance w th For nurmsagcitort stpgedite priatucemitrioxane~-formaldehysde 20

6. The process accor dighd.+4Q q‘g’.ﬁh WA sbiutienso! vent S
sel ected from the ng‘rIaoup n e onsi g’tblrng %(E);P.u 16n3
ort hodi chl or obenzene, nethyl ene chl ori de, di phenyl et her,

nonochl orobenzenqd) pRreYINingothezeqRilibriun soldtdciPRAIVWYh the

benzopgenone, and m thlire X %Q%&%Oftb form droplets;

(e) extracting trioxane from the droplets into the
solvent at the extractor staées to produce a
trioxane~-rich extract and a trioxane-lean
raftinate;

10 (£) discharging trioxane-rich extract and trioxane-
lean raffinate from the column; and

(9) recovéi:-ing trioxane from the trioxane-rich
extract,

wvherein the.extraction of trioxane from the reaction
15 equilibrium solutjon reduces the concentration of

trioxane in the solution and vherein the formaldehyde

solution reacts at subsequant reactor stages in

accordance with Formula (I) to- ptéduce additional

trioxane.

20 6. The process according to Claim 5, wherein the solvent
is selected from. the group «consisting of
orthodichlorobenzene, mnethylene chloride, diphenyl
ether, monochlorobenzene, paradichlorobenzene,
acetophenone, benzophenone, and mixtures thereof.
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36 7. The process according to Claim®6, wherein the solvent

I s orthodichl orobenzene. 8. The process according to Claim?7,
wherein the catal yst is a cationic exchange resin conprising a
sul fonated, 5 crosslinked, styrene-divinyl benzene copolynmer in the
hydrogen form 9. The process according to Claim8, wherein the
aqueous f or mal dehyde sol ution contains from about 35 to about
85 wei ght percent of formal dehyde. 10 10. The process according to Caim
9, wherein the initial reactor is a guard bed reactor |ocated
out si de the col um. 11. The process according to C aim
10, wherein the colum . 1s opepgted at a tenperature of at |east
about 95[err]C. 15 12. A process for the continuous production of

trioxane 7.  7Thd PHBcEhe? WERVIAINY T ¢QRIACE5OLHRFEIN2ERR B0 1Vehe [ e
equi libriumreactipon: wherein the reaction occurs in

8. The process according to Claim 7, wherein the catalyst

is a cationic exchange resin comprising a sulfonated,

S crogsslinked, styrene-divinylbenzene copolymer in the
hydrogen form.

9. The process according to Claim 8, wherein the aquecus
formaldehyde solution contains from about 35 to about
8S weight percent of formaldehyde.

10 ‘ 10. The process according to Claim 9, vherein the. initial
reactor is a guard bed reactor located outside the

colunn.

11. The process according to Claim 10, vherein the column
is operated at a temperature of at least about 95°C.

p 12. A process for the continuous production of trioxane
from an agueous foraaldehyde solution according to the
equilibrium reaction:

o= U

wherein the reaction occurs in a sultistage in situ

R



37 catal yst reactor-extractor characterized by a vertica

colum having an inlet and outl et positioned at :0opposi ng ends of
the columm for receiving an agueous f or mal dehyde sol uti on and

di scharging a raffinate, and 5 an inlet and outlet positioned at
opposi ng ends of the colum for receiving a solvent and

di scharging an. extract, said inlets and outlets being positioned
for countercurrent flow wherein the | ess dense solvent is
charged into the bottom of the colum, and the nore 10 dense

f or mal dehyde solution is charged into the top of the columm; a
plurality of vertically spaced reactor st ages, each stage
containing an inlet for recei vi ng 37 f or mal dehyde sol ution fromthe

f or mal dehyde inl et catal yst faqr react |£g f Qr mal d%&* e soI utio
i-nto 15 FPFG%XRE r&ﬂ"'ﬁﬁ?‘l‘%ﬁ%‘%"-ﬁ? SHRFATTRF 1% :
for mal dehyde, acslemf thayifgsianonbrlethownd houtilidtet positioned aﬁd:

for mal denydlt | SREPREPS, BRB of 3 (sl 47 Facaiving pp Hipuepus

positioned in tforssidehyds sodution amd dAmcharging & ;Ia,fﬁiw:s% tray;

comprPaing a | AN ihide %'r“.’z%%%l W‘éﬁt‘% S e s
vem)l cal | 3 di spGOIERoHR% o%vmp?é’aﬁ" I'ghu‘gm%om i oned
for receiving sakttabtfreunah&nietueahdlbhtleﬁi being posadtdioned ifoy sai d
downcomers bei Ea*@ﬁ%t%‘éﬁy?ﬁg wherein thb Ipfé BRfbeldpi%ent’ds"
tri oxane-f or nal ¢bayged dawiceffiegbottor of thencaiMmm tand sthecmoreys and
diregpi ng the sgleyae! rormalden d&owiheibﬁbﬁk’%ﬁi}?q&d’drﬁ?&'ﬂ& P or said
process 30 thaF%o Lhiunga pguggggty of vertically spaced reactor
stages, each stage containing an inlet for receiving
formaldehyde solution from the formaldehyde inlet, a
catalyst for reacting formaldehyde sgolution into
15 trioxane, an outlet for discharging trioxane and
formaldehyde, a sieve tray positioned above the outlet
and horizontally in the column for receiving trioxane
and formaldehyde from the outlet, and a downcomer
vertically positioned in the column adjacent to the
20 catalyst and sieve tray; a plurality of vertically
spaced extractor stages, each stage comprising a
horizontally disposed sieve ' tray attached to a
vertically disposed downcomer, said downcomer being
positioned for receiving solvent from the solvent inlet
25 and directing said solvent beneath the sieve trays to
the extract outlet, said downcomers being of sufficient
length to provide a trioxane~formaldehyde, coalescing
zone above the sieve trays and directing the solvent
solution above the coalescing zone; said process
30 comprising the steps of:

A O A
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38 (a) charging an aqueous fornmal dehyde solution into

t he col umm; (b) charging a solvent that is trioxane-m scible
and aqueous formal dehyde-imm scible into the col um; 5
(c) reacting the aqueous formal dehyde solution at the

reactor stages to produce trioxane wherein-the f or mal dehyde
is in equilibriumwth the trioxane ) in a

tri oxane-fornal dehyde sol ution; (d) percolating the

tri oxane-fornmal dehyde sol ution 10 through the sieve tray to
form dropl ets; . (e) extracting trioxane fromthe droplets into
t he solvent at the extracf{or stages to produce a

tri oxane-rich sol vent and a tri oxane-| ean raf finate; 15

(f) discharging t S V efueiith t EbPraldehyde solution in€an
raffinate fromthgago urm a @ (9) recogerlng tri oxane from

the trioxane-rich the columnj oy et wherein the
extraction of trioxane fromthe trioxane- f or mal dehyde sol ution

for the reaction 68 °fch£¥3maauzsbg=+§aﬁé+§e e Loptpph e i e

react or st agagqueougr Soxmaldehydeoimni into the column;

5 (c) reacting the agqueous formaldehyde solution at the
reactor stages to produce trioxane wvherein the
formaldehyde is in equilibrium with the trioxane
in a trioxane-formaldehyde solution;

(d) percolating the trioxane-formaldehyde solution
10 through the sieve. tray to fora droplets;
(e) extracting trioxane from the arcplets into the
solvent at the extractor stages to produce a
trioxane-rich solvent and a trioxane-lean
ragfinate;

185 (£) discharging trioxane-rich solvent and trioxane-
lean raffinate from the column; and

(g) <recovering trioxane from the trioxane-rich
extract,

vherein the extraction of trioxane from the trioxane-

20 formaldehyde solution disturbe the balance of the
reaction equilibrium vhich provides for the reaction of
aqueous formaldehyde solution at subsequent reactor
stages to produce additional trioxane.

I
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39 13. The process according to Caim1l2, wherein the sol vent

Is selected fromthe group consisting of anisole, benzene,

bi phenyl , hexane, cycl ohexane, pentane, et hyl benzene,
trimet hyl benzene, tetranethyl benzene, 5 tol uene, o-, m, and

p-xyl ene, and m xtures thereof. 14. The process according to C aim
13, wherein the sol vent I s bi phenyl . 15. The process
according to Claim 14, wherein the catal yst i s sul fonated
cationi c exchange resin. 10 16. The process according to Caim 15,
wherei n the aqueous f or mal dehyde sol ution contains at |east about
35 percent by wei ght of fornaldehyde 17. The process
according to Claim 16, wherein the i ni tiR reactor is a guard bed

< oper at od 13 o A BECLRAR: aEeRR °rd?gﬁ%§i*?€%1e‘?%=éwwmi"&r

process accordi nge osemgcueé gral athe igxHup, consisting of %18

wherein the sol v %),f, m tﬂﬂxan clcgw,exhl pertdite A
di stribution coe C|en v¥: 'fer‘?h% 75&1clrd| &‘to t he
equat i on: ethylbenzene, tnnethyl nzene, etrane V' %enz

s toluene, o~, m=, and p-xylene, and mixtures thereof.

14. The process according to Clain 13, vherein the solvent
is biphenyl.

1S. The process according to Claim 14, vherein the catalyst
is sulfonated cationic exchange resin.

10 16. The process according to Claim 15, wherein the aqueous
formaldehyde solution contains at least about 35
percent by weight of. formaldehyde.

17. The process according to c1§h 16, vherein the initial
reactor is a guard bed reactor.

15 18. The process according to Claim 12, vherein the column
is operated at a temperature of at least about 95°C.

19. The process according to any one of Claims 1-3, 5, 8-12
and 15-18, wherein the solvent is selected from the
group exhibiting a daistribution coefficient (DC)

20 greater than 0.75 according to the eguation:
- ¥
DC = 0.025A + 0.05B + 0.0087C + 0.016D + 0.22

wherein A is the mole percent of ether functional group
in the solvent molecule, B is the mole percent of

| R D 0



DC = 0. 025A + 0.05B + 0.0087C + 0.016D + 0. 22 wherein Ais
the nol e percent of ether functional group I n the sol vent

nol ecule, B is the nole percent of

40 ket one functional group in the solvent nolecule, Cis

the nol e percent of phenyl functional group in the sol vent

nol ecul e, and D is the nole percent of aliphatic carbons in the
sol vent nol ecul e. 5 20. An apparatus for the continuous production of
trioxane from an aqueous fornmal dehyde sol ution according to the
equilibriumreaction: - wherein said reaction occurs in
a nultistage in situ cat al yst 4Peact or-extractor conprising a.

tically 10 t | havi i nl et d outl et
posi ti oned ketond) PunsSlenal gRaReo A Fle BRI RoLeckle; g i
agqueous thef moks dpeydentoloft ipheryll functiogiDogroupf fimatke and
an inlet and out E%tlv%%t ﬁ.‘éguik pﬂzgéi rg YIS e {U81e¢ percent CGEU™
&nd di scha

for receiving a so vent so ut1on gl n
ic carbons in the. solvent molecule.

5 20. An apparatus rfor the continuous production of trioxane
from an aqueous formaldehyde solution according to the
equilibrium reaction:

3 '() ====¢$.
Glzcam;rsx

- wherein said reaction occurs in a multistage in situ
catalyst reactor-extractor comprising a wvertically

10 positioned column having an inlet and cutlat positioned
at opposing ends of the column zom-rocoivinq'an|aqtaous
formaldehyde solution and discharging a raffinate, and
an inlet and cutlet positioned at opposing ends of the
column for receiving a solvent solution and discharging
1s an extract, said inlets and ocutlets beaing positioned
for countercurrent flov vherein the wmore dense,
solution is charged into the top of the column, and the
less dense, solution is cha#gcd into the bottom of the
column; a plurality of horizontally position reactor
20 stages, each stage comprising a catalyst, a sieve tray,
an inlet for receiving formaldehyde solution froa the
formaldehyde inlet, and an outlet for discharging a

RO DO



15 an extract, said inlets and outlets being positioned

for countercurrent flow wherein the nore dense, solution is

charged into the top of the columm, and the | ess dense, sol ution

is charged into the bottom of the colum; a plurality of
“horizontally position reactor 20 stages, each stage conprising a

catal yst, a sieve tray, : an inlet for receiving forml dehyde

solution fromthe f ormal dehyde inlet, and an outlet for

di scharging a 41 trioxane-formal dehyde

solution to the sieve tray; and a plurality of horizontally positioned
extractor stages, each stage conprising 3 sieve tray for extracting
trioxane fromthe trioxane-fornal dehyde 3Iution into a solvent, wherein

sai d reactors ande¢@XhanererialaenduecEBihe 1¥nS 08 okl |dieve rll H Mana

a plurality of horizontally positioned extractor

stages, each stage comprising a sieve tray for

extracting trioxane from the trioxane~formaldehyde

s solution into a solvent, wvherein said reactors and
extractors being alternately spaced in said column.
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