@ég,_éri ption PROCESS FOR PRODUCI NG TRI OXANE [ Fi el %fé/ghe

=l nventi on] The present invention relates to a practical and
econom cal process for producing trioxane useful as the raw material of
pol yoxynet hyl ene from an aqueous formal dehyde sol ution. [ Description
of. Rel ated Art] Trioxane which is a cyclic trinmer of formal dehyde is

general ly prepared by heating an aqueous fornmal dehyde solution in the
presence of an acid catalyst. Wth respect to this preparation, if is
known that the equilibriumconcentration of trioxane in the liquid phase
Is as low as about 2 to 4% by weight to give a | arge anount of unreacted

f or mal dehyde even when t he concent pascetiipeionhe starting aqueous

formal dehyde solution is 30 to 70% by weight. Accordingly, it is necessary
for the recovery of pur&ROCESSIROR [PRODUGING: ARIOKANE xt ure cont ai ni ng
trioxane nust be first freed fromthe acid catalyst, followed by the
separation of trid¥Fdeddfpihe Inzeationdm f or mal dehyde, water and so on.
As a specific process for producing trioxane, JP- B-41-6344 discloses a

process whi ch conpihies ®¥esead: ilayendion reladss(kp AePFRCrisgdesnd
fornaldehydeé%%dgﬁfggl process for producing trioxane useful as
the raw matgrial of polyoxymethylene from an aqueous.
formaldehyde solution..
[Description of Related Art]ﬁ
Trioxane which is a cyclic trimer of formaldehyde
is generally prepared by heating an aqueous
formaldehyde solution in the presence of an acid
catalyst. With respect to this preparation, it is
known that the equilibrium concentration of trioxane
in the liquid phase is as low as about 2 to 4% by
weight to give a large amount of unreacted
formaldehyde e#en when the concentration of thé
starting aqueous formaldehyde solution is 30 to 70% by
weight. Accordingly, it is necessary for the recovery
of pure trioxane that the reaction mixture containing
trioxane must be first freed from the acid catalyst,
followed by the separation of trioxane of pure state
from formaldehyde, water and so on. |
| As a specific process for producing trioiane, JP-

B-41-6344 discloses a process which comprises reacting

a 30 to 70% {by weight) aqueous formaldehyde solution



under heating in the presence of aliquid acid catalyst such as sulfuric

«acid, distilling the resulting reaction mxture to separate a distillate
conprising trioxane, formal dehyde and water fromthe |iquid acid catalyst,
and recovering pure trioxane fromthe distillate by solvent extraction or
the like. However, such a process using a liquid catalyst such as

sulfuric acid as the catalyst for the synthesis of trioxane has a problem
that the separation of the trioxane-containing.conponent from the

catal yst invol ves an operation necessitating nuch energy, for exanple,
distillation. On the contrary, processes using various solid acids,

for exanple, @ideniKesPing Britlte Preds@fcd ofsld MuidEEi & cation-exchange
resin or inorganic solid acids such as zeolite have been proposed as

processes pereatalygt eswsoh rasroagl £f10fi¢ heebdt adystiiriong the
trioxane-containing reaction mxture to thereby cut down the energy
necessary therefdwitingirtdsection heixtizy etal sepdaseete g ahibstll kaoeom cal
processes of directly recovering pure trioxane by solvent extraction from
t he sol uti on edeRrhethdytsiegrang i prodkdeiuidel and dvaten| fien f¢hen t he
reaction mxture containing trioxane_ (JP-A-4-49250 and JP-A-6-73046).
These processkbakbd cagid RALakvse. i3nd egcovering pure trioxane - 2-

from the distillate by solvent extraction or the like.

However, such a process usiné a liquid catalyst
such as sulfuric acid as the catalyst for the
synthesis of trioxane has a problem that the
separation of the trioxane-containing component from
the catalyst 1nvolves ah operation necessitating much
energy, for example, distillation.

On the contrary, processes using various solid
acids, for example, organic solid acids such as a
strongly acidic cation—exchange resin or inorganic
solid acids such as zeolite have been proposed as
processes permitting easy removal of the catalyst from
the tfioxane-containing reaction mixture to thereby
cut down the energy necessary therefor. Further,
there have also been proposed economical processes of
directly recovering pure trioxane by solvent
extraction from the solution obtained by seperating
the solid acid catalyst from the reaction mixtﬁre
containing trioxane (JP-A-4-49250 and JP-A-6-73048).

These processes have an advantage in that



substantially no energy is necessary for the renoval of the catal yst from
sthe reaction m xture. In the followup nade by the inventors of the
present invention, however, |ong-term stable operation was substantially
impossi bl e when the above process for producing trioxane with a solid acid
catalyst was nerely applied to a conventional actual plant. As -
descri bed above, the equilibriumconcentration of trioxane in preparing
tri oxane from an aqueous fornal dehyde solution in the presence of an acid
catalyst is low, so that a |arge anmount of unreacted fornaldehyde remains
in the resulting aqueous solution. In order to produce a desired amount of

trioxane, theudktantialliy ao amergy 9k akcaawaPys forOrhel ¢empdaisol ution
"nmust be brought into contact wth a solid acid catal yst and a | arge anount

- of an aqueows shleuicatalylstufreacthd treancalidahydgtomet. be recovered and
re-used as the starting aqueous formal dehyde solution for the synthesis of
tri oxane. Howevedn tthe Slodlewpnpceasesbyatbea ipvebltemst oft thee activity
of. a solid acid catalyst rapidly lowers in a short period of tinme and the
rate of formRriesends inviendigne howeverui fonghitermowdablg operhdisstivity,

whi ch makes it difficult to produce a desired anount of trioxane
constantly. P@s FBPstaREigdddedgpesgibde when the above process - 3-

for producing trioxane with a.solid acid catalyst was
merely applied to a conventional actual plant.

As describéd above, the equilibrium concentration
of trioxane in pfeparing trioxane from an aqueous
formaldehyde solution in the presence of an acid
catalyst 1s low, so that a large amount of unreacted
formaldehyde remains in the resulting aqueous
solution. In order to produce a desired aﬁount of
trioxane, therefore, a large amount of an aqueous
formaldehyde solution must be brought into contact
Qith a solid acid catalyst and a large amounf of an
aqueous solution of unreacted formaldehyde must be
recovered and re-used as the starting aqueous
formaldehyde solution for the synthesis of trioxane.
However, the above processes have a problem that the
activity of a solid acid catalyst rapidly lowers in a
short period of time and the rate of formation of
trioxane lowers with this lowering in the activity,
which makes it difficult to produce a desired amount

of trioxane constantly. Further, the processes have



anot her, problem that increase in pressure loss or channelling occurs in
sthe reactor containing a solid acid catalyst in a-short period of tine, _
which nakes it difficult to attain the feeding of an aqueous formal dehyde
solution at a constant flowrate or the production of trioxane in a
constant anount. [ Summery of the Invention] The inventors of
the present invention have intensively studied for the purpose of solving
t he above problens occurring in producing trioxane froman aqueous

f ormal dehyde solution with a solid acid catalyst to provide a practical
and econom cal process for producing trioxane which permts a stable

operation forarfotlpang pesbsh cfhdtiNcredsa e Phdsdifre tihmsstdrdi es, they
have el uci dated the factors causing the problenms and have found an

effecti ve neacimarimell and Wwamndampriid arsadtormaomomgaising e qolesent

I nventi on. Nanely, the invention is a process for producing trioxane
from an aquecsid orares kigsty dien solshamn,percivat avcft erimped vihialsimekes pr oducti on
apparatus conprising two functional St%? e., the first functional

step of condui:‘h‘#gffﬂeﬁlm‘i/ thea gy dtheof GQ@@ 9% amAgyequs from t he

aqueous fornaldeﬁy solution with a substance having an i on-exchangi ng
- 4- formaldehyde solution at a constant flow rate or the

production of trioxane in a constant amount.

[Summery of the Invention]

The inventors of the present invention have
intensively studied fof the purpose of solving the
above problems oécurring in producing trioxane from an
aqueous formaldehyde solution with a solid acid
catalyst to provide a practical and economical.process
for producing trioxane which permits a stable
operatién for a long period of tune. As a result of
the studies, they have elucidated the factors causing
the problems and have found an effective means for
solving the problems to accomplish the present
invention. |

Namely, the invention is a process for producing
trioxane from an aqueous formaldehyde solution,
characterized by using a production apparatus
comprising two functional steps, i.e., the first
functional step of conducting mainly the removal of
metallic impurities from the aqueous formaldehyde

solution with a substance having an ion-exchanging



f-uncti gn and the second functional step of conducting mainly the synthesis
sof trioxane fromthe aqueous formal dehyde solution, fromwhich netallic
impurities have been renpbved, with a solid acid catalyst. Nanely, it is a
process that first netal inpurities are renoved from aqueous fornal dehyde

solution and next trioxane is synthesized. Preferably, the solid
acid catalyst in the second functional step is a strongly acidic
cati on-exchange- resin. Preferably, the second functional step is

conducted in one colum filled with the solid acid catalyst.
Preferably, the synthesis of trioxane in the second functional step is

conduct ed i-n famctdeeN@indg thet seaond fuhetiouadus teor bel dehvde tidlgut i on.
Preferably, the substance having an ion-exchanging function in the first
functional stmdinliys thec ayndhesichafgeriexiane from tHeebeguabhys, the first
functional step is conducted in two or nore colums arranged in parallel.
Preferably, tieenadldehydeasodivddedn,n framawhdichi metaid ifci dewufritdeisonal st ep
are alternately used for reanin% the netallic inpurities and for
regeneratinghqﬂﬂahggqﬂﬁgmoved, with a solid acid catalysts.

Namely, it is a process that fifst metal_impurities
are removed from aqueous formaldehyde solutioh and
next.trioxane is synthesized.

Ereferably, the solid acid catalyst in the second
functional step is a strongly acidic cation—exchange
resin.

Preferably, the second functional step is
conducted in one column filled with the solid acid
catalyst. .

Preferably, the synthesis of trioxane in the
second functional step is conductéd in an ascending
stream of the aqueous formaldehyde solution.

Preferably, the substance having an _
ion-exchanging function in the first functidnal step
is a cation-exchange resin.

Preferably, the first functional step is
conducted in fwo or more columns arranged in parallel.

Préferably, the columns arranged in parallel in
the first functional step are alternately used for
removing the metallic impurities and for regenerating

the columns.



Preferably, the renoval of the nmetallic inpurities in the first functional
:step is conducted in a descending stream of the aqueous fornmal dehyde

sol ution. The present invention will now be described in detail.
[Detail ed Description of the Invention] Prior to the solution of the
above problens occurring in producing trioxane with a solid acid '
catalyst, the inventors of the present invention have deeply studied on
the factors causing the problens to elucidate them The studi es nade
by the inventors of the present invention reveal ed that several of ppb to
tens of ppm of netal ions are contained in the aqueous fornal dehyde

sol ution used in tFrefErablof, dhefrenovalxate the aquadqticcal plant and it
has been elucidated that the catalytic activity of the solid acid is.

| ower ed by t Hempadsidrigs dm dfhes dtilr stetfaindtdmsalors tidpe isolachdaxiteead o
adversely affect the synthesis of trioxane significantly. To enter
into nore detig |a&s degdengliing tata daswofedilid iaguepnsc fiesmaldehivge of tri oxane
in preparing trioxane froman aqueous formal dehyde solution in the
presence of #&PlaiiPrcatal yst, a | arge amount of an

The present invention will now be deséribed in
detail. _

[Detailea Description of the Invention]

Prior to the solution of the above problems
occurring in producing trioxane with a solid acid
catalyst, the inventors of the present'invention have
deeply studied on the factors causing the problems to
elucidate them.

The studies made by the inventors of the present
invention revealed that several of ppb to tens of ppm
of metal ions are contained in the aqueous
formaldehyde solution used in the production of
trioxane in a practical plant and it has been
elucidated that the catalytic activity of the solid
acid is lowered by the adsorption of such metal ions
on the solid acid to adversely affect the synthesis of
trioxane significantly.

To.enter into more details, owing to the low
equilibrium cbncentration of trioxane in preparing
trioxane from an aqueous formaldehyde solution in the

presence of an acid catalyst, a large amount of an



aqueous, formal dehyde sol ution nust be used for the reaction and brought
:into contact with a solid acid catalyst, and a | arge anpbunt of an aqueous
solution of unreacted formal dehyde nust be recovered and re-used as the
starting aqueous formal dehyde solution for the synthesis of trioxane.
Meanwhi l e, netal ions are eluted from apparatus, pipe and so on in the
step of producing a starting aqueous fornmal dehyde solution, the step of
recovering an aqueous solution of unreacted formal dehyde, and the steps of
storage, transfer and concentration of these solutions. On t he ot her
hand, the solid acid used as catalyst is a substance having an

i on- exchangi ragudoune tfama Ildely daustlantciomaanEth Demisadd ifors e its acidic
sites through ion exchange to result in deactivation and owing to this
deact i vati on,regdntidmurand drafghthdsidstartae tawithe aacal ichtadiydst for the
synthesis of trioxane is lowered to fail in long-term use of the

subst ance. catalystweanmlrgpriarigs) afaunt of greggueoust splutbdan afount of
metal ions in the agueous fornmal dehyde solution becones a fatal_ factor

hi nderi ng st dBt&eachRg fqmpldehyde pusk kel rerORrad sbireaisstne.

Additionally, further studi es nmade by the . jnventors of the present
i g\%m ioon rg\Pesa:Jghe tq]%ﬁrtijjﬁig aqueous yformalder}lvyJ]e‘ solution 7f_cpr the

synthesis of trioxane. Meanwhile, metal ions are
eluted from apparatus, pipe and so on in the step of
producing a starting aqueous formaldehyde solution,
the step of recovering an aqueous solutioq-of
unreactéd formaldehyde; and the éteps of storage,
transfer and concentration of these solutions.

On the other hand;.the solid acid used as
catalyst is a substance having an ion-exchanging
function. This substance adsorbs metal ions at its
acidic sites through ion exchange to result in
deactivation and owing to this deactivation, the
function of the substance as the acid catalyst for the
synthesis of trioxane is.lowered to fail in long-term
use of the substance.

It was surprising that the presence of a trace
amount of metal ions in the aqueous formaldehyde
solution becomes a fatal factor hindering stable
operation in the practical production of trioxane.

Additionally, further studies made by the

inventors of the present invention revealed that the



gener at,i on of paraformwhich is a solid oligoner of fornmal dehyde becones
.easier with increase in the concentration of a starting aqueous

f ormal dehyde solution and that when paraformis present in the aqueous
f'or mal dehyde solution, it accunulates as a- sedinent in the reactor filled
with a solid acid catalyst and this accunul ati on causes increase in
pressure | oss, inconstant flow ng, channelling and so on to hinder

| ong-term st abl e operation. The present invention has been
acconplished as a result of intensive studies nmade on the basis of the
above el ucidation of the causes and the findings for the purpose of
finding a solgé¢neratiion bf parhfernm waidh ii$ aa$odddcblligdmiroos,
characterized in that the production of trioxane from an aqueous ,
f or mal dehyde faawlalidedvy des becotiest eadstilerowditht imcreastel dmalthst eps, i.e.,
the first functional step of conducting mainly the renoval of netallic

i npurities erQnQﬂninﬁﬁig@u§f fostairddmgd @ avgiows) Fermalidelyseobst ance havi ng

an ion-exchan function and the second functional step _of conducting
mainly the sﬁﬂ o gmd; Ghgta whepy parafioamy dige Presedtmdinddfde sol uti on,
fromwhich netallic jnpurities have been renoved, with a solid acid

catalyst. In aRURQUS\; ?alﬂ?@yﬂﬁewqiﬁ&nﬂl%ﬁ@é‘mu&%ﬁeﬁc@é i%ed in that
yh order to %ﬁﬁﬁ!n Ion% reactor filled with a solid acfﬁ

ment
catalyst and this accumulation causes increase in
pressure loss, inconstant flowing, channelling and so
on to hiﬁder long-term stable operation.

The present invéntion has been éccomplished as a
result of intensive studies made on the basis of the
above elucidation of the causes and the findings for
the purpose of finding a solution to the problems, and'
is, as described above, characterized in that the
production of trioxane from .an aqueous formaldehyde
solution is conducted through two functional steps,
i.e., the first functional §tep of conducting mainly
the removal of metallic impurities from the aqueous
formaldehyde solutlon with a substance having an
ion- exchanging function and the second functional step
of conducting mainly the synthesis of trioxane from
the aqueous formaldehyde solution, from which metallic
impurities have been removed, with a solid acid -
catalyst. In other words, the present invention is

characterized in that in order to attain long-term



s{éble?operation, the production of trioxane with a -solid acid catal yst
an aqueous fornmal dehyde solution is divided into two functions, i.e.

Sfrom
t he

t hat

be us
i nclu
proce
t hese

f or mal dehyde.

function of dealing with the factors hindering stable

operation and

of attaining the reaction. The aqueous fornmal dehyde solution to
ed in the production of trioxane according to the present invention
des aqueous fornal dehyde sol uti ons prepared by conventi onal

sses, those prepared by purification, concentration or

di | uti on of

sol utions, and a recovered aqueous solution of unreacted

Al though the sgghLenNdpatd ©lowf e Prebfs Siprdrl getyensohth an to  be
is not particularly limted, it is generally 30 to 80% by wei ght,
preferably 50séDid ey oetalyst from dm ddieequestorma dehyd®n, such an
us formal dehyde solution is subjected to the first functional step
wherein the resbwvbionmfisredivrided impuriwo efurdationde aogreoushd or mal dehyde
ion is mainly conducted with a substance having an ion- exchangi ng
i on. funahton ubt t derking wkthisthe fiactors reindering stahke|ic
ities in the first step is not particularly limted but nmay be any

used
aqueo

sol ut
funct
I mpur
one h

avi ng sueperation and that of attaining the greaction.

The aqueous formaldehyde solution to be used in

'the production of trioxane according to the present

invention includes aqueous formaldehyde solutions

prepared by conventional processes, those prepared by

purification, concentration or dilution of these

solutions, and a recovered aqueous solution of

unreacted formaldehyde. Alternatively, a mixture of

two or more of them may be used. Although the

concentration of the aqueous formaldehyde solution to

be used is not particulariy limited, it is generally

30 to 80% by weight, preferably 50 to 70% by weight.

In the present invention, such an agqueous

formaldehyde solution is subjected to the first
functional step wherein the removal of metallic
impurities from the aqueous formaldehyde solution is
mainly conducted with a substance having an ion-
exchanging function.

The substance .to be used for the removal of

metallic impurities in the first step is not

parficularly limited but may be any one having such a

Alternatively, a mxture of two or nore of them may be used.



f-unctign. For exanple, many of the substances which. wll be described as
sexanples of the solid acid to be used in the second functional step can be
used. In particular, cation-exchange resins are preferable. In the
first functional step, the performance of a substance having an

I on-exchanging function is deteriorated by adsorption of netallic

mpurities thereon with the lapse of tinme to result |

n

unavoi dabl e

regeneration. Further, paraformresides and accunulates in the apparatus
to cause operational troubles. In order to deal with such circunstances to

enabl e continuous operation, it is preferable in the

pre

sent invention

that the firgunltach.oOnForSekambee,CRBAY bt €leObub¥RaficedDivhiesl uMms
arranged in parallel. Each colum is filled with a substance having an

I on- exchangi mg 1flubet descrilbed ilse ekiampll esf bfficthensblidepcid ¢ondlei t ut ed of
two or nore colums, at |east one of the colums can be used for the

pr et r eat nent usfedandnadgheo secoodnfiunelhidaadoktiepoean beeusetihe danoval of
metal .ions therefrom while the other which has been |owered in

i on- exchangi Rgr tilgtd@iron ciof l9asexshiangeor esdngl argnpredervdlgsed for

regeneration. Thus, the colums can be used alternate
for the renoval oflndhg firsts fapgtienalecgénenr atthenres
- 10 -

rhe

or successively
mancec @4t i nuous

a substance having an ion-exchanging function is

deteriorated by adsorption of metallic impurities

thereon with the lapse of time to result i

n

unavoidable regeneration. Further, paraform resides

and accumulates in the apparatus to cause operational

troubles. In order to deal with such circumstances to

enable continuous operation, it is preferable in the

present invention that the first functional step be

~constituted of two or more columns-arranged in

parallel. Each column is filled with a substance

having an ion-exchanging function. When the first

functional step'is constituted of two or more columns,

at least one of the columns can be used for the

pretreatment of an aqueous formaldehyde solution,

i.e., the removal of metal ions therefrom, while the

other which has been lowered in ion-exchanging

functidn by adsorption of metal ions can be used for

regeneration. Thus, the columns can be used

alternately or successively for the removal of metal

ions and for regeneration to permit continuous

- 10 -



operatioon for a long period of tine. Although the nunber of colums to be
.specifically enployed in practice is determ ned by considering the
conponents of a starting aqueous formal dehyde sol ution, econom cal
efficiency, operability and so on, the use of two colums is generally
preferable and can give enough effects. The switch fromthe renoval of
metal 1ons fromthe aqueous formal dehyde solution to regeneration and
vice versa is preferably conducted once per day to once per two weeks,

t hough the frequency of the switch is determ ned by considering the
content of metallic inpurities in the starting aqueous formal dehyde

sol ution, resog@ncEidi ok 1aasip@sitodloopgni.l OmM1though Ithd s preferable
that the first functional step according to the present invention be.

conduct ed i n raumhas ceh diglgneis esonbed  dpese idfiesdilly fempimdydehyide sol ution. By
this preferable enbodinent, the rate of adsorption of netals and the
function as @PYddtige igjadetarmninedhrafeomsicanigiendhed reanponsanys i ng
aqueous fornal dehyde sol ution are inproved as conpared with the case
wherein the fo% & feartinhaquays iformaddnivtdal s W albcendi ng stream
thereof. The netal  ions adsorbed in this step is reaned q¥1regenerat|on

t r eat ment usi?@ﬂﬁﬂ&#‘fﬁ}m*}ﬁﬁ@%}%’@@&%@% Y \@fi4 $0 on, the use

of two columns is generally preferable and can give
enough effects. The switch from the removal of metal
ions from the aqueous formaldehyde solution to
regeneration and vice versa is preferably conducted
once per day to once per two weeks, though the
frequency of the éwitch is determined by considering
the content of metallic_impurities in the starting
aqueous formaldehyde solution, residence time and
easiness of operation.

It is preferable that the first functional step
according to the present invention be conducted in a
descending stream of the aqueous formaldehyde
solution. By this preferable embodiment, the rate of
adsorption of metals and the function as a filter
against the paraform contained in the starting aqueous
formaldehyde solution are improved as compared with
the case wherein the first functional step is
conducted in an ascending stream thereof. The metal
ions adsorbed in this step is removed by regeneration

treatment using hydrochloric acid or the 1like, while

- 11 -



the paraformis effectively discharged out of the system by back wash
.devel opnent with an ascending stream The residence tinme in the first
step may be one enough to adsorb and renove the netallic inpurities
contained mainly in the starting aqueous formal dehyde solution. For
exanpl e, when a strongly acidic cation-exchange resin is used, enough
effects can be generally attained by the residence for 1 to 5 mnutes,

t hough the residence tine varies depending on operating conditions and so
on. Too long a residence time will give an increased anount of formc acid
as a by-product, which wll have an adverse effect on the synthesis of
trioxane in tiige pseLmantiseepfebt fvdy | dNsdhatgdd out of Tee | i near
velocity of the starting aqueous formal dehyde solution in the first
functional stepstem hy daclabiasld devdlopnidnt twidtighan taseendsnglependi ng on

t he substance having an ion-exchanging function to be used. Wen the

| i near vel ocis¥réam]| ess than 5 mih, the sectional area of columm of the

apparatus will be large for the capacity thereof, so that channelling
wi Il occur to failThe eRaidencr tiee cdpcthedfivsister Mm@y the @dtrary,
when the linear velocity exceeds 50 nih, the pressure |oss wll increase,.

so that it wi¢gough to adsorb and remove the mgtallic impurities
contained mainly in the starting aqueous formaldehyde
solution. For example, when a strongly acidic
cation-exchange resin is used, enough effects can be
generally attained by the residence for 1 to 5
minutes, though the residence time varies depending on
operating conditions and so on. Too long a residence
time will give an increased amount of formic acid as a
by-product, which will have an adverse effect on the
synthesis of trioxane in the subsequent second
‘functional sfep.

The linear velocity of the starting aqueous
formaldehyde solution in the first functional step is
preferably 5 to 50 m/h, though it varies depending on
the substance having an ion-exchanging function to be
used. When the linear velocity is less than 5 m/h,
the sectional area of column of the apparatus will be
large for the capacity thereof, so that channelling
will occur to fail in obtaining the expected results.
On the contrary, when the linear velocity exceeds 50

m/h, the pressure 1osé will increase, so that it will

- 12 -



berdifficult to keep the flow rate constant. . Then, the aqueous
-f or mal dehyde solution from which mainly netal ions have been renoved in
the first functional step is subjected to the second functional step
wherein the synthesis of trioxane is conducted wth-a solid acid catalyst.
The solid acid to be used in this step may be any of organic and inorganic
solid acids. Exanples of the organic solid acids include ion-exchange
resins having sulfonic and fl uoroal kanesul fonic groups, while those of
the inorganic solid acids include acid clay, silica, alumna; inorganic
mat t er - oxi de conposites such as silica-alumna, alum na-boria and zeolite;
and. solid cdre idifioyiregratkedpnrithie dlldwmateaciahstapitosphoric acid, boric
acid and so on. Anmpong these solid acids, ion-exchange resins which are
organic solid acilemr &he dfavesise formadisfhy decisnlattdan diom exchange
resins being particularly preferable. Since a solid acid is used in an
aqueous f or miTHsHy @iyl Meted iipnshihavwe deen removadidy e fiFst Bronst ed
acid which c keep its activity as, an acid eyen in ter d ose acid
groups are n?“‘tﬁfsis‘m%cﬁ 9P It _chtead A t‘*’cﬁ:gﬁ?"t (fdﬂ%"ta‘?r}t%q n of the
?pi)gr ?t us ,usesdl:eﬂc C\)thetrheeiriS et%oendss}cn%rixcetsliosn%f EHodand' s pcaorr{dlfc%eac’{ ly

with a solid acid catalyst.

The solid acid to bg used in this step.may be any

of organic and inorganic solid acids. Examples of the

oréanic solid acids include ion-exchange resins having

sulfonic and fluorocalkanesulfonic groups, while those

of the inorganic solid acids include acid clay,

silica, élumina; inorganic matter-oxide composites

such as silica-alumina, alumina-boria and zeolite; and

s0lid carriers impregnated with sulfuric acid,

phosphoric acid, boric acid and so on. Among these

solid acids, ion-exchange resins which are organic

solid acids are preferable, strongly acidic cation-

exchange resins being particularly preferable. Since

a solid acid is used in an aqueous formaldehyde

solution in this step, it is preferable to a Brgnsted

acid which can keep its activity as an acid even in

water and whose acid groups are not dissolved in

water.

Although the constitution 'of the apparatus used

for the second functional step is not particularly

- 13 -



li:mted, it is preferable fromthe standpoint of the balance between
.synthesis efficiency of trioxane and. construction cost that the apparatus
be constituted of one colum filled with a solid acid. Further, it
I5 preferable that the second functional step, i.e., the synthesis of
trioxane, be conducted in an ascending streamof the starting - aqueous

f or mal dehyde solution. By enploying this preferable enbodi nent, the
troubl es caused by the paraform brought into the apparatus by sone rare
accident or fornmed therein can be prevented and the paraformcan be easily
ef fused out of the col um. Al t hough the operation conditions of the

second functigipted] ept Ofs iptefarisb 1 MmOk tdndpdin@anse tife not .-
particularly limted, it is preferable for practical and econom cal

producti on ofbdYamxerise twedn dyrethiessicd | eff¥ el exooyd el etk Loxdare s
conditions as to enhance the trioxane concentration to a |evel

subst anti al | ycangEtudtbon nepst tthathetho mpparatusrbefconsdtd fustedqitous

f ormal dehyde sol ution. Al though the residence tine necessary for

sati sfying tt@%m@ﬁum@rﬁilm iveksthlepegaliidy aid he kind of the solid acid
to be wused, reaction tenperature or the like, it is generally 5 to 25

M nutes when the JP&FEReHN 16 lgdrRkeRAPLIR hatdds 5iEaberat ure of about

80 to
. functional step, i.e., ghe synthesis of trioxane, be

conducted in an ascending stream of the starting
aqueous formaldehyde solution. By -employing this
preferable embodiment, the troubles caused by the
paraform brought into the apparatus by some rare
accident or formed therein can be prevented and the
" paraform can be easily effused out of the column.
Although the operation conditions of the second
functional step or the rate of formation of trioxane
is not particularly limited, it is preferable for
practical and economical production of trioxane that
the reaction be conducted under such conditions as to
enhance the trioxane concentration to a level
subétantialiy equilibréting with the concent{étion of
the fed aqueous formaldehyde solution. Although the
residence time necessary for satiéfying the conditions
varies dépehding on the kind of the solid acid to be
used, reaction tempefature or the like, it is
generally 5 to 25 minutes when the operation is

conducted at a reaction temperature of about 80 to

- 14 -



1L0[err]C wth a strongly acidic cation-exchange resin. Since the reaction
.through which trioxane is produced from an aqueous fornal dehyde sol ution
is an equilibriumreaction, the enploynment of a residence tine |onger
than that necessary for reaching the equilibriumreaction brings about an
i ncrease in the anount of by-products such as formc acid, so that
attention nust be paid to the selection of the residence tine.
Specifically, the preferable residence tine can be easily determ ned by
simple experiments with a specific solid acid under specific reaction
conditions. The anmobunt of the solid acid to be used can be determ ned
based on the mnesicleiah @ BEronply dUAiIE kadion-exchanighougzinhe |inear
velocity of the second functional step also varies depending on the kind
of the soli diawel tthe heactden ithricmigh ehdrechblty idxtamelis miroduered | ui di zi ng
the solid acid in the colum to thereby facilitate the effusion of

par af or m and firom adi fewresiusy feirma ladehydge sodartdlogpilisg agabi net for the
solid acid. Speci fic exanples of the type of the apparatus to be
used in the @svidihniam yeacddeind thenempdeamedteof & y@sidensgcked bed

type, tubul ar type, basket t , . fluidized bed type | ate columm type and
-Sgpon, tiﬁgjlonger thaﬁ”%%at necgssary for f@%dhf%g the yP

equilibrium reaction brihgs about an increase in the
émount of by-products such as formic acid, ‘so that
attention must be paid to the selection of the
residence time. Specifically, the preferable
residence time can be easily determined by simple
experiments with a specific solid acid under specific
reaction conditions. The amount of the solid acid to
be used can be determined based on the residence time
thus determined.

Although the linear velocity of the second
functional step also Varies depending on the kind of
the solid acid to be used, it is preferably 3 to 15
m/h for fluidizing the solid acid in the column to
thereby facilitate the effusion of paraform and for
dispensiﬁg with a larger developing cabinet for the
solid acid.

Specific examples of the type of the apbaratus to
be used in the above first and secohd functignal steps
include packed bed type, tubular type, basket type,

fluidized bed type, plate column type and so on,

- 15 -



Ihdughithe exanples are not limted to these types. Further, the

.condi ti ons of

t hr oughput t

rate of adsorption of nmetals on solid acid,
trioxane with a solid acid catalyst.

apparatus and operating conditions may be sel ected on the
basis of the above requirenents by considering the properties
(formal dehyde concentration, netallic inpurity content and content of

suspended paraform of the starting aqueous fornal dehyde solution and the
hereof, the kind and anount of the solid acid to be wused, the

and the rate of formation of
In the process for producing

trioxane according to the present invention, it is generally preferable

ﬁmgrmqym Sfaril d UM Rt a0@hingdd e tHe By of paraform

t hat no subst

be added. The additi on of such

separation of

t hat the substance accunulates in the systemto hinder not only the

gener ati on ofoparatiorgndonditisons toey fioe nedliented dn itheartasis of The
reaction product obtained by the above
accor di ng t o the ahpesarequinemnis by condidenring oy idonenisiesonl y
al so a | arge anount of formal dehyde, water and a snall

tri oxane but

a substance is problematic in that the

t hgngrtisd rinchd reond NSl oren Gt AP tiB idénd roubl esone  and

of inpurities{fapaldehyi@moncentration, metallic impurity jgntent

and content of suspended paraform) of the starting
aqueous formaldehyde solution and the throughput
thereof, the kind and amount of the éolid acid to bg
used, the rate of adsorption of metals on solid acid,
and the rate of formation of trioxane with a solid
acid catalyst.

In the process for producing trioxane according
to the present invention, it is generally preferable
that no substance known as an inhibitor against the
formation of paraform be added. The addition of such
a substance is problematic in that the separation of
the substance from the reaction system is troublesome
and that the substance accumulates in the system to
hinder not only the generation of paraform but also
the formation of trioxane.

The reaction product obtained by the above
process for producing trioxané-according to the
present invention is a mixture comprising.not only
trioxane but-also a large amount of formaldehyde,

water and a small amount of impurities. Pure trioxane

- 18 -
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can be ,recovered fromthe reaction product by known processes. In

- .particular, it is preferable to enploy a process of extracting the

reaction product with a high-boiling solvent and then recovering trioxane
ffom the extract by distillation. - On the other hand, a | arge anount
of -unreacted formal dehyde is recovered as an aqueous solution and, if
necessary, subjected to concentration or other treatnent; and thereafter
it is generally re-used for the synthesis of trioxane. [Brief Explanation

of the Drawi ng] - Fig. 1 is a schematic view of the apparatus for
continuous production of trioxane actually used in the Exanple of the
present invemddmbe recovered from the reaction product by known - - 17 -

processes. In particular, it is preferable to employ
a process of extracting the reaction product with a
high-boiling solvent and then recovering trioxane from
the extract by distillation.
On the other hand, a large amount of unreacted
,formaldehydelis recovered as an aqueous solution and,
if necessary, subjected to'concentration or other
treatment; and thereafter it is generally re-used for
the synthesis of trioxane.
[Brief Explanation of the Drawing]
Fig. 1 is a schematic view of the apparatus for
continuous production of trioxane actually used in the

Example of the present'invention.'

- 17 -



[Exanpl.e] The present invention will now be specifically explained
.by referring to the followi ng Exanple, though it is not limted by the
Exanpl e. The apparatus, starting aqueous fornmal dehyde solution,
operating conditions and evaluation items enployed in the follow ng
Exanpl e, Conparative Exanple and Referential Exanple are as follows: (1)

appar at us first functional step: heat insul ating jacketed

col um havi ng an inner di aneter of 1 cm and
a hei ght of 150 cm which :

Is filled wwth 300 cc of : a strongly acidic
cati on- exchange rqaxample] : DI Al ON PK216 (a

pr oduct - of M tsubishi Chem cal

Corp.) (hereinaftdhe present invention will now be mplkerifdealdyas
"pre-colum") second functional step: heat insulating jacketed

col um havi ngxpiained by referring to the followdingnExempdfe,2 cm and a
hei ght of 200 cm _which
though it is not limited by the Example.

The apparatus, starting aqueous formaldehyde
solution, operating conditions and evaluation items
employed in the following Example, Comparative Example
and Referentlal Example are as follows:

(1) apparatus

first functional step: heat insulating jacketed
column having an inner
diameter of 1 cm and a
height of.150 cm, which
is filled with 300 cc of
a strongly acidic
cation-exchange resin,
DIAION PK216 (a product
of Mitsubishi Chemical
Corp.) (heréinaftef
referred to as
"pre-column") |

second functional step: heat insulating jacketed

| | column having an

diameter of 2 cm and a

height of 200 cm, which

- 18 -
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.of a sfrongly acidic

is filled with 1200 cc

DI Al ON PK216 (a product

Cheni cal

of M t subi shi

Corp.) as a solid acid

catal yst. (hereinafter

colum"”) (2) aqueous formal dehyde sol ution

60% by wei ght
2.5 ppm
i on concn.

of ~aqueous formal dehyde

cnerr]/h

| i near velocity of main colum .
100[err]C (4) evaluation itemns

ions in

real flow rate of aqueous formal dehyde

(2)

(3)

(4)

referred to as

cati on- exchange resin,

"mai n

f or mal dehyde concentrati on

nmetal | i c contam nants ~iron ion concn.
chrom umion concn. 1.0 ppm ni ckel
0.5 ppm (3) operating conditions - flowrate
solution (prggetfilled with 1200 ce 6000

| i near velocity of pre-colum

20 m h

t he sol ution di schar ged catdont-exchapgeatresin,

DIAION PK216 (a product

of Mitsubishi Chemical

~Corp.) as a

solid acid

catalyst. (hereinafter

referred to as "main
column™)
aqueous formaldehyde solution
formaldehyde concentration 60% by weight
metallic contaminants
iron ion concn. 2.5 ppm
chromium ion concn. : 1.0 ppm
nickel ion concn. 0.5 ppm
operating conditions
flow rate of aqueous formaldehyde
solution (preset) 6000 cm®/h
linear velocity of pre-column 20 m/h
linear velocity of main column 5 m/h
temp. (of both columns) 100°C
evaluation items
0 concentrations of trioxane and metal ions in

the solution discharged from the apparatus,

0 real flow rate of agqueous formaldehyde

- 19 -
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--419 -, - : sol uti on, generation and accunul ati on
-of paraform (as determ ned with the naked eye) Conparative
Exampl e 1 The synthesis of trioxane was conducted in an apparatus
obtai ned by renoving the pre-colums for the first functional step from
the apparatus for continuous production of trioxane shown in Fig. 1,
i.e., by the use of only the main colum for the second functional step.
Experinments were made with respect to both the case using an ascendi ng
stream of the aqueous formal dehyde solution and the case using a
descendi ng streamthereof. The results are given in Table 1. . I n any
of the cases, there wersolobsiomved a lowering in catalytic activity caused
by the adsorption of nmetal ions contained in the aqueous fornal dehyde
sol ution on the s facesetensislaplantl adeumunt lon oviemanpfiarm daser si on
into trioxane (i.e., trioxane concentration) caused by the above |owering.
In the operation using 4¢eededtehdiiid sthepkeha®e) was observed a
|l owering in f ow1ratglca%§§d E? the accurul ation of paraformon the
surface of tHPBRATLILE kranpte Jin the operation using the ascending
st ream' there was ’ﬂ% gspnsﬁ{e\:/sefjs Y éroimc’)exra'nneg &ahserceénnducted in an

apparatus obtained by removing the pre-columns for the

first functional step from the apparatus for

continuous production of trioxane shown in Fig. 1,

i.e., by the use of only the main column for the

second functional step. Experiments were made with

respect to both the case using an ascending stream of

the aqueous formaldehyde solution and the case using a

descending stream thereof. The results are given in

Table 1.

. In any of the cases, there were observed a

lowering in catalytic activity caused by the

adsorption of metal ions contained in the aqueous

formaldehyde solution on the surface of the solid acid

and a lowering in conversion into trioxane (i.e.,

trioxane concentration) caused by the above lowering.

In the operation usihg the descending stream, there

was observed a lowering in flow rate caused by the

accumulation of paraform on the surface of the solid

acid, while in the operation using the ascending

stream, there was not observed any lowering therein

- 20 -



-«20 -, over a long tine. These results suggests that in
.order to attain long-termstable operation, it is necessary to renove
metal ions prior to the synthesis of trioxane, and it is preferable to
cdnduct the synthesis of trioxane in an ascending stream of the aqueous
formal dehyde solution. Referential Exanple 1 In order to determ ne
the renoval efficiency against netal ions contained in the agueous

f or mal dehyde sol uti on, the aqueous formal dehyde solution was passed _

t hrough only the pre-colum corresponding to the first functional step.
Experiments were made with respect to both the case using an ascending
stream of thecwepiemuborigrtdhaelenyde solution and the case using a
descendi ng stream thereof. The results are given in Table 2. It was
recogni zed that tHehegereeswitsissuggestes thesteimdiondent riemmitabuperior to
that using the ascending streamin respect of the renoval efficiency

agai nst et al Lergsterm stabyr PR bR atdbnl YL IFAT X e FRMINE St T eam
was conducted for_a long tinme, there was observed a lowering in flowrate

caused by t hé®ek2bimtARs IR tHaths FMdetie Slriuxane « rdakki ng

rial.
materi a is preferable to conduct the synthesis of trioxane in

an ascending stream of the aqueous formaldehyde
solution.
Referential Example 1

In order to determine the removal efficiency
against metal iéns contained in the aqueous
formaldehyde solution, the aqueous formaldehyde
solution was passed through only the pre-column
correéponding to the first functional step.
Experiments were made with respect to both the case
using an ascending stream of the aqueous formaldehyde
solution and the case using a descending stream
thereof. Tﬁé results are given in Table 2.

It was recognized that the operatioﬁ using the
descending stream is superior to that using the
ascending stream in respect of the removal efficiency
agalinst metal ions.

When the.operation using the descending stream
was conducted for a long time, there was observed a
lowering in flow rate caused by the accumulation of

parafprm on the surface of the packing material.

- 21 -



-« 21 - Therefore, the passing of the aqueous fornmal dehyde
.solution through the colum was stopped and hot water of 100[err]C was
passed through-the resulting colum as an ascending streamto discharge
ahd renmove the paraform Thereafter, an aqueous formal dehyde sol uti on was
passed t hrough the colum again. Thus, the flowrate was restored to the
original state. Fromthese results, there was obtained a know edge
that it is rational in order to overconme the problematic |owering in flow
rate while keeping the renoval efficiency against the netal ions at a high
| evel that the first functional step is constituted of at |east two
colums and tTmreferasechalgaggsiaiglof atlte aqpeaiedordaidéiyade enoval of
netal ions and for regeneration. Exanple 1 Two pre-colums (A, B)
for the firstsduntiorondirowdleptind cminunetway) € toppedtamhtinehtwagen he
aqueous formal dehyde sol ution and one main colum for the second
functional stad NG rmar tnagsedcthnougtesthe gfesuktinegmolime avrakct ed as
shown in Fig. 1, and the aqueous_formal dehyde sol ution was passed through
the resulti rRFESRINE (AR R dirchangaand IMave dhthPar@kort e- col umms

were switched at regular tine intervals and alternately used. The
pre-col um usBtereafter, an aqueous formaldehyde solution was

passed through the column again. Thus, the flow rate
was restored to the original state.

From these results, there was obtained a
knowledge that it is rational iﬁ order to overcome the
problematic lowering in flow rate whilé keeping the
removal efficiency against the metal ions at a high
level that the first functional.step is constituted of
at least two columns and they are used alternately and
repeatedly for the removal of metal ions and for -
regeneration.

Example 1

Two pre-columns (A, B) for the first functional
step of conducting the pretreatment of the aqueous
formaldehydé solution and one main column for the
second functional step of conducting the synthesis of
trioxane were connected as shown in Fig. 1, and the
aqueous formaldehyde solution was passed through the
resulting system to conduct the synthesis of trioxane;
The bre—columns were switched at regular time

intervals and alternately used. The pre-column used

- 22 -



-- 22 - for the pretreatnent of the aqueous fornal dehyde
.solution for a certain “period of tinme was subjected to the regeneration of
the ion exchange resin with 5% hydrochloric acid and the renoval of
paraform by extraction with an ascending stream of hot water, and thus
the system was continuously operated. The results are given in Table 3.
Further, simlar tests were conducted by the use of the system shown in
Fig. 1 also with respect to the case wherein the passing through the
pre-colum was conducted as an ascendi ng stream and the case wherein the
passi ng through the main colum was conducted as a descending stream In

any of the botdr cEts€Spréficca BidifE it Gt tayidbud Rrsd dedfdd he pre-col um
were renmarkable to permt stable operation for a tinme far |onger than

that of the ceskutibomofenly ddetami perddinoe timeighas haulefdetds vere
|nfer|or to those obtained in the.above Exanple.
the regeneration of the ion exchange resin with 5%
hydrochloric acid and the removal of paraform by
extraction with an ascending stream of hot water, and
thus the system was continuously operated. The
results are given in Table 3.

Further, similar tests were conducted by the use
of the system shown in Fig. 1 also with respect to the
case wherein the passing through the pre-column was
conducted as ah ascending stream and the case wherein

~ the passing through the main column was conducted as a
descending stream. In any of the both cases, the
effects due to the provision of the pre-column were
remérkable to permit stable operation for a time far
longer than that of the case using only the main
column, though the effects were inferior to those

obtained in the above Example.
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What is claimed is:

1. A process for producing trioxane from an
aqueous forméldehyde solution, characterized by using
a production apparatus comprising two functional
steps, i.e. the first functional step of conducting
mainly the removal of metallic impurities from the
aqueous formaldehyde solution with a substance having
an ion-exchanging function énd'the second functional
step of conducting mainly the synthesis of trioxane
from the aqueous formaldehyde solution, from which
metallic impurities hafe been removed, with a solid
acid catalyst.

2. A process fof broducing trioxane according to
Claim 1, wherein the solid acid catalyst in the second
functional step is a strongly acidic cation-exchange
resin.

3. A process for producing trioxane according to
Claim 1, wherein the secoﬁd functional step is
conducted in a column filled with the solid acid
catalyst.

'4. A process for producing trioxane according to
Claim 3, wherein the synthesis of trioxahe in the
second functional step 1s conducted in an ascending
stream of the aqueous formaldehyde solution.

5. A process for producing trioxane according to.
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Claim 1, wherein the substance'having an ion-
exchanging function in the first functional step is a
cation-exchange resin.

6. A procéss for producing trioxaﬁe according to
Claim 1,‘wherein the first functional: step is
conducted in two or more columns arranged in parallel.

7. A process for producing trioxane according to
Claim 6, wherein the columns arranged in parallel in
the first functional step are alternately used for
removing the metallic impurities and for regenerating
the columns.

8. ‘A process for producing trioxane according to
Claim 6, wherein the removal of the metallic .
impurities in the first functional step is conducted
in a descending stream of the.aqueous formaldehyde

solution.
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\What is clainmed is: 1. A process for prooducing trioxane from an
-aqueous formal dehyde sol ution, characterized by using a production
dpparatus conprising two functi onal steps, i.e. the first functional step
of conducting mainly the renoval of netallic inpurities fromthe aqueous
f or mal dehyde solution with a substance having an ion-exchanging function
and the second functional step of conducting nainly the synthesis of
trioxane fromthe aqueous fornal dehyde solution, fromwhich netallic

i mpurities have been renobved, with a solid acid catalyst. 2. A
process for producing trioxane according to Caim1l, wherein the solid
acid catalyst in the second functi aals$étisdep is a strongly acidic

cation-exchange resin. - 3. A process for producing trioxane according
to Caimi1, wher&a proyiskec enerfaotdidadn@inds tegoniomi cadndustcedss foar col um
filled wth the solid acid catalyst. 4. A-process for producing

tri oxane accdfduring tmigxare figes 4m agueonmfleraad dghynds oxane in the
second functional step is _conducted |n an ascendl strean1of t he agueous
f or mal dehyde SVt4kigh.in the presenge,afsa med @dﬁ& %@d¥$&ane according

to 27
which permits a stable operation for a long period of

time. _

A process for producing trioxane from an aqueous
formaldehyde solution by using a production apparatus
comprising two functional steps, i.e. the first
functional step of conducting mainly the removal of
metallic impurities from the aqueous formaldehyde
solution with a substance having an ion-exchanging.
function and the second functional step of conducting

. mainly the synthesis of triokane'from the aqueous
formaldehyde solution, from which metallic impurities

have been removed, with a solid acid catalyst.
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G-aim 1k, wherein the substance having an ion- exchanging function in the

‘first functional step is a cation-exchange resin. 6. A process for
pt.oduci ng trioxane according to Claim1, wherein the first functional step
i8 conducted in two or nore columms arranged.in parallel. 7. A

process for producing trioxane according to Caim6, wherein the colums

arranged in parallel in the first functional step are alternately used for

removing the metallic inpurities and fof regenerating the col ums.

8. A process for producingrgﬁiﬁgane according to' Claimé6, wherein the

removal of the netallic inpurities in the first functional step is

conducted in a gggceqdi ng stream of the aqueous formal dehyde solution.

- 28 - .
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