
EP 0 327 343 B1 Description The present invention relates to a continuous
process for producing formaldehyde or its derivatives from methanol. More
particularly, it relates to a process for formaldehyde production which
comprises the steps of reacting methanol with formaldehyde to form
methylal, then oxidizing the resulting methylal to obtain formaldehyde. The
present invention also relates to a process for producing derivatives of
formal- dehyde. BACKGROUND OF THE INVENTION 10 Formaldehyde has
conventionally been produced on an industrial scale by oxidizing methanol
in the presence of oxidation catalysts such as silver or iron-molybdenum
catalyst. A process has also been proposed in which formaldehyde is
produced by oxidizing methylal in the presence of methanol oxidation
catalysts of the types described above (U.S. Patent 2,467,223). 15     A
method is also known that produces methylal by reaction between methanol
and formaldehyde as described in JP-B-40-15005 (the term "JP-B" as used
herein means an "examined Japanese patent publication"). Conventional
methods of producing formaldehyde by oxidation of methanol have low
utilization of methanol due to the formation of a large quantity of water
during the reaction. In addition, the maximum 20  concentration of the
aqueous formaldehyde solution that can be thus produced is only 55 wth and
it has been difficult to obtain higher concentrations. The formaldehyde
produced by these methods is used in the manufacture of polyacetal resins,
formaldehyde resins, phenol-formaldehyde resins, etc. or as a starting
material for the production of paraformaldehyde, urea compounds, etc. In
these applications, the concentration of formaldehyde (in the 25  case of
formalin, the concentration of formaldehyde in aqueous solution) must be as
high as possible, namely, the concentration of the product formaldehyde
must be increased. To meet this need, various methods have been employed
including distillation or scrubbing, or altematively, formaldehyde is first
reacted with an alcohol to form hemiacetal, which then is evaporated by
heating to obtain a formaldehyde- rich gas. 30     When highly concentrated
formaldehyde is to be obtained, formaldehyde of low concentration (e.g.
formaldehyde of high water content) produced by conventional means is
usually unsuitable for use unless it is re-concentrated by distillation or
an other appropriate method. The comparatively rigorous conditions of
distillation for concentration of dilute formaldehyde to a useful level
requires substantial energy consump- tion. In addition, distillation towers
and other units in the system have to be made of special corrosion- 35
resistant materials. In some instances, formaldehyde is converted to
derivatives thereof before it is put to the various use mentioned above. In
the case of manufacturing polyacetal copolymers, formaldehyde is first
converted to trioxane (a derivative of formaldehyde), which is then used in
the manufacturing process. However, when formaldehyde is converted to such
derivatives, the generation of unreacted formaldehyde components in 40 the
process is unavoidable. Unreacted components are typically discharged from
the system as formal- dehyde of low concentration (e.g. water-rich
formaldehyde) and distilled or otherwise separated as described above,
thereby producing formaldehyde of a higher concentration for further use.
However, problems of high energy consumption and the need to use special
corrosion-resistant materials as described above remain unsolved. 45     A
similar problem occurs in the process proposed in U.S. Patent 2,467,223 for
producing formaldehyde by oxidizing methylal. The resulting formaldehyde is
of low concentration and must be enriched before it can be of practical
use. It should also be noted that neither U.S. Patent 2,467,223 nor
JP-B-40-15005 discloses or suggests a one-step process for producing
formaldehyde from methanol by combining a process for producing 50
methylal from methanol and formaldehyde with a process for producing
formaldehyde by oxidation of methylal. Neither patent refers to a technique
for effectively recycling the dilute formaldehyde (formal- dehyde of low
concentration) which occurs in the recovery of highly concentrated
formaldehyde or derivatives thereof. 65 SUMMARY OF THE INVENTION One
aspect, therefore, of the present invention is to provide a process for
efficient and continuous 



production of highly concentrated formaldehyde or derivatives thereof from
methanol via methylal. 2    EP 0 327 343 B1 Another aspect of the present
invention is to provide a method by which dilute formaldehyde that results
from the process of recovering highly concentrated formaldehyde or
derivatives thereof can be effectively recycled without employing any
special concentrating unit. Still another aspect of the present invention
is to provide a process for producing formaldehyde or 5  derivatives
thereof which includes a highly efficient unit process for methylal
production that consists of the combination of a distillation tower and a
plurality of reactors packed with a solid acid catalyst. A further aspect
of the present invention is to provide a process for producing formaldehyde
or derivatives thereof which includes a highly efficient unit process for
oxidizing methylal that employs a catalyst-packed tubular reactor. 10     A
still further aspect of the present invention is to provide a process for
producing formaldehyde or derivatives thereof which includes a stage at
which the formaldehyde-containing product gas resulting from the step of
methylal oxidation is converted with high efficiency to an aqueous
formaldehyde solution by a new method of absorption. These and other
aspects of the present invention are apparent in the following detailed
description of 15 the present invention and the accompanying drawings.
According to the present invention, there is provided: A process for
producing formaldehyde or derivatives thereof from methanol comprising the
steps of: i) heating methanol and formaldehyde in aqueous solution in the
presence of an acidic catalyst to obtain methylal; 20   ii) oxidizing the
resulting methanol in the presence of an oxidation catalyst to obtain a
formaldehyde gas; iii) absorbing the formaldehyde gas resulting from the
oxidation reaction into water or into an aqueous formaldehyde solution to
obtain an aqueous formaldehyde solution; iv) either separating the aqueous
formaldehyde solution obtained in step iii) into formaldehyde of a lower
water content and formaldehyde of a higher water content (water-rich
formaldehyde) and recovering the 25    formaldehyde of a lower water
content, or reacting said aqueous formaldehyde solution to form a
derivative of formaldehyde, separating said derivative from unreacted
water-rich formaldehyde and recovering said derivative; and v) returning
the water-rich formaldehyde separated in step iv) to step i) for further
use as the formaldehyde component. 30     A flow diagram of this embodiment
of the present invention is shown in Fig. 1. The process of the present
invention is a two-step process in which methanol is first converted to
methylal which then is oxidized to form formaldehyde. Theoretically, this
method suffers a smaller loss of methanol due to its conversion to water
than the method involving oxidation of methanol. The present invention is
further characterized in that the aqueous formaldehyde solution produced in
35  this two-step process is separated into a formaldehyde component of low
water content and a formaldehyde component of high water content, with the
latter being recylced for effective use in the first stage of methylal
formation. The unreacted formaldehyde component of high water content which
results in the production of formaldehyde derivatives is similarly recycled
for effective use in the first stage of methylal formation. 40     The
process of the present invention is thus a recycle system using methanol as
an input and which produces highly concentrated formaldehyde or a
derivative thereof as an output, with formaldehyde of low concentration
being repeatedly produced and consumed. This technical concept of
circulating formaldehyde of low concentration in the system was first
discovered by the present inventors who recognized the new idea of
combining two unit processes; one 45  being the step of reacting methanol
with formaldehyde to form methylal and the other being the step of
oxidizing the resulting methylal to formaldehyde. Therefore, the concept of
the present invention could not have been obtained from either U.S. Patent
2,467,223 or JP-B-40-15005 which only show the respective unit processes
individually. 



Besides the ability to produce highly concentrated formaldehyde or
derivatives thereof from methanol in 50  an efficient way, the process of
the present invention has the added advantage that it does not require any
special apparatus for concentrating the formaldehyde of low concentration
which is inevitably produced in the system. By virtue of these advantages,
the present invention successfully avoids the two major problems of the
prior art, i.e., substantial energy consumption that would otherwise be
required to operate a concentrating apparatus, and corrosion of the
individual operating units of the system. 55 3    EP 0327 343 B1 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a flow diagram of a formaldehyde
producing process according to one embodiment of the present invention;
Fig. 2 is a flow scheme of the methylal synthesis and oxidation reaction
described in the Referential Examples; and Figs. 3 and 4 are flow schemes
of a formaldehyde production process according to additional embodiments of
the present invention. 10 DETAILED DESCRIPTION OF THE INVENTION The
individual steps of the process of the present invention are described
below in the order that they are performed. 15 (A) Synthesis of methylal
from methanol and formaldehyde (Step of methylal formation): It is know
that methylal is synthesized from methanol and formaldehyde in the presence
of an acidic catalyst through a condensation reaction expressed by the
following equation; 20  [err] As shown above, the synthesis of methylal
from methanol and formaldehyde is a reversible reaction that yields water
as a by-product. This reaction proceeds over zinc chloride, ferric
chloride, hydrochloric acid or any other acidic catalysts 25  that are
known to be usable in this type of reaction. A preferred embodiment for
methylal formation in accordance with the present invention is such that
two or more reactors each packed with a solid acid catalyst are connected
to a single distillation tower. Stated more specifically, a solution
containing methanol, formaldehyde and water is brought into solid- liquid
contact with a solid acid catalyst and a methylal-rich component is
recovered as a distillate. This 30  process employs a distillation tower,
and two or more reactors which communicate individually with the middle
stage of the distillation tower and are each packed with the solid acid
catalyst. In each of the reactors, a solution containing methanol,
formaldehyde, water and the resulting methylal is circulated. The vapor in
the distillation tower that undergoes gas-liquid contact with this solution
after it has been subjected to solid-liquid contact in the reactor
communicating with the lower side of the distillation tower is brought 35
into another gas-liquid contact with the same solution which has undergone
solid-liquid contact by circulation in the reactor communicating with a
higher stage of the distillation tower. As the vapor is passed through
successive stages of this gas-liquid contact, the concentration of methylal
in the vapor phase is progressively increased. According to this method,
methylal is obtained in a yield of 95% or higher based on the formaldehyde
40  feed. Examples of the solid acid catalyst for use in the present
invention include cation-exchange resins, sulfonated fluoroalkylene resin
derivatives, and crystalline aluminosilicates. Cation-exchange resins that
can be used in the present invention may be carboxylated or sulfonated
derivatives, but sulfonated derivatives are preferred because of the high
reaction yield that can be attained. 45  Ion-exchange resins that can be
used may be gel-type cation-exchange resins or macroporous (macro-
reticular) cation-exchange resins, but the latter as examplified by
Amberlite 200C of Organo Co,, Ltd. and Lewatit SP112 of Bayer A.G. are
preferred because of the high reaction yield that can be attained. Specific
examples of useful ion-exchange resins include a styrene-divinylbenzene
copolymer, an acrylic acid- divinylbenzene copolymer, a methacrylic
acid-divinylbenzene copolymer, etc. 



50     A sulfonated tetrafluoroethylene resin derivative (trade name,
Nafion H) is preferably used as a sulfonated fluoroalkylene resin
derivative. Crystalline aluminosilicates for use as a solid acid catalyst
in the present invention include those described in JP-A-58-162546 (the
term "JP-A" as used herein means an "unexamined published Japanese patent
application") which have a silica-to-alumina molar ratio of at least 10,
and preferably 20 to 200. A 55 preferred example is a mordenite-type
crystalline aluminosilicate. The most desirable of these solid acid
catalysts are macroreticular cation-exchange resins having sulfonate
groups. 4    EP 0 327 343 B1 The reactor for use in step (A) may be of any
type so long as the solid acid catalyst is present in the column and if
allows a solution containing formaldehyde and methanol to be brought into
solid-liquid contact with the catalyst to form methylal. Examples of such
reactors include vessels or towers in which the particles of a solid acid
catalyst are tightly packed, vessels or towers in which the solid acid
catalyst is 5  dispersed in slurry form, and vessels or towers in which the
particles of solid acid catalyst are loosely packed. The solution
containing formaldehyde, methanol, water, and the resulting methylal is
allowed to circulate in these reactors. The type of reactor for use in step
(A) which contains a solid acid catalyst and the mode of gas-liquid contact
to be made between the methylal-containing vapor and the solution
containing methanol, formal- 10 dehyde, water and the resulting methylal
which has undergone solid-liquid contact with the solid acid catalyst are
not limited in any particular way and an illustrative example is shown in
Fig. 2. In the process shown in Fig. 2, two feeds, i.e., an aqueous
formaldehyde solution and methanol, are supplied to distillation tower 1
through feed pipes 5 and 2, respectively. Three reactor units X, Y and Z
each packed with a solid acid catalyst are connected in that order to the
middle stage of the distillation tower 1, 15 with reactor unit X being in
the highest position and Z being the lowest. In each of the reactor units,
a solution containing methanol, formaldehyde, water and the resulting
methylal is circulated by such means as a pump. Consider the vapor in the
distillation tower that undergoes gas-liquid contact with the solution that
has been subjected to solid-liquid contact in reactor unit Y. The vapor
then makes gas-liquid contact in the 20  distillation tower 1 with the
solution that has been brought into solid-liquid contact in reactor unit X,
which communicates with the tower at a higher position, to form methylal.
The reaction product, methylal, is discharged from the top of the tower 3,
whereas unreacted methanol, formaldehyde and the water by- product are
discharged from the bottom of the tower 4. In step (A), an aqueous
formaldehyde solution is chiefly used as the formaldehyde feed, but it may
25 contain trioxane. Methanol is normally used in an amount that is at
least equal to its stoichiometric ratio to formaldehyde which is 2.
Preferably, methanol is used in an amount of from 1.0 to 1.2 times this
stoichiometric value, with the range of from 1.0 to 1.1 being particularly
preferred. If an azeotropic mixture of methylal and methanol (92% methylal
and 8% methanol) is to be obtained as a distillate, methanol is preferably
used in an amount 30 1.1 times the stoichiometic value; if only methylal is
to be obtained, methanol is preferably used in an amount equal to the
stoichiometiric value; if a distillate intermediate between the two is to
be obtained, methanol is preferably used in an amount of from 1.0 to 1.1
times the stoichiometric value. In order to obtain methylal at a
concentration of at least 95%, and especially at least 98%, the aqueous
formaldehyde solution is preferably fed into the distillation tower at a
position higher than any of the reactor 35 units connected thereto so that
it will make counter current gas-liquid contact with the methylal- and
methanol-containg vapor ascending through the distillation tower. In one
embodiment of step (A), methanol is fed into the reactor that is connected
to the distillation tower at the position (or stage) closest to the top. As
the supplied methanol is allowed to circulate in that reactor, an aqueous
formaldehyde solution is fed to a stage of the tower that is higher than
the reactor supplied with 40 methanol. In another embodiment, formaldehyde
and methanol are fed into the reactor that is connected to the distillation
tower at the position closest to its top. An aqueous solution containing
formaldehyde is 



supplied to a feed stage that is higher in position that any of the
reactors, so that the supplied aqueous solution is brought into
countercurrent gas-liquid contact with the vapor ascending in the
distillation tower which contains methylal and methanol. In this mode of
operation, the solution in the reactor that is 45 positioned closest to the
top of the distillation tower may or may not be allowed to circulate. In
the latter case, forced circulation is preferably effected in a reactor at
a lower position in order to enhance the efficiency of the reaction. In the
step of methylal synthesis, it is normally preferred to employ at least
three beds of solid acid catalyst. In some instances, 3 to 5 reactor units
are used, and in other cases, 3 to 7 reactor units are 50 employed. The
composition of the solution to be circulated in the reactor units usually
consists of from 20 to 65 parts by weight of methanol, 0.001 to 20 parts by
weight of formaldehyde, 34 to 79 parts by weight of water and 0.001 to 30
parts by weight of methylal, provided, however, that the concentration of
each component varies with the position of each reactor unit. 55     The
temperature in the reactor units is normally within the range of 45 to 90 *
C but will slightly vary with the composition of the solution circulating
in the reactor units and with the operating pressure in the distillation
tower. Normally, the closer to the top of the distillation tower, the lower
the temperature of the solution that is circulated in the reactor. For
example, with seven reactor units, the operating temperature is 5    EP 0
327 343 B1 in the ranges of   [err] [err] the first-mentioned range being
for the reactor unit positioned closest to the top of the distillation
tower and the last-mentioned range being for the reactor unit positioned
the farthest away from the top. The distillation tower is operated either
at atmospheric pressure or within the range of 1 to 3 5  atmospheres.
Depending on the operating pressure, the temperature of the solution under
circulation may sometimes reach [err]. The solution is circulated in the
reactor units in an amount that normally ranges from 2 to 100 parts by
weight, preferably from 25 to 50 parts by weight, per part by weight of the
methylal vapor that is recovered as a distillate from the top of the
distillation tower. 10     A solid acid catalyst of a strong acidic
cation-exchange resin is used in an amount of from 0.02 to 2 parts by
weight for one reactor unit per part by weight of the methylal vapor to be
recovered from the top of the distillation tower. The preferred range is
from 0.05 to 1 parts by weight, which varies with the number of reactor
units used. The temperature at which each stage of the distillation tower
is operated in the step of methylal 15  formation depends on the number of
reactor units used and the temperature of the solution circulating in each
reactor unit. With four reactor units, the operating temperature of the
distillation tower is within the ranges of  [err], the first-mentioned
range being for the stage which communicates with the reactor unit
positioned the closest to the top of the distillation tower, and the
last-mentioned range for the stage which communicates with the reactor unit
positioned the farthest 20  away from the top. With five reactor units, the
operating temperature of the distillation tower is in the ranges of  [err]
and with six reactor units, the operating temperature is within the ranges
of [err], and  [err]. By employing the methods described above, an
embodiment is possible wherein the purity of methylal 25  distilling from
the top of the distillation tower is adjusted to at least 98%, and the
concentrations of methanol and formaldehyde in the water being discharged
from the bottom of the tower are adjusted to 0.1% or lower. In one
preferred embodiment, distillation equipment may be employed in which 5 to
20 stages of distillation are provided between the reactor unit in the
highest position and the top of the distillation tower, 30  and at least 10
stages of distillation are provided between the reactor unit connected at
the lowest position in the distillation tower and the bottom of the
distillation tower. In another embodiment, distillation equipment may be
employed in which an aqueous solution of 



formaldehyde is supplied to a position at least three stages above the
reactor unit in the highest position of the tower. 35    In a preferred
embodiment for the operation of the distillation tower, the molar ratio of
the distillate from the top of the distillation tower to the reflux to its
top may be within the range of from 2:1 to 4:3. In a certain preferred
system, aqueous solutions containing formaldehyde of different
concentrations are supplied to the distillation tower through two inlets
such that the solution having the larger molar ratio of formaldehyde to
water is fed together with methanol into the reactor units connected to the
distillation tower 40  whereas the solution having the smaller molar ratio
of formaldehyde to water is fed to stages of the tower higher than the
reactor units. In this case, trioxane may be present in the solution having
the larger molar ratio of formaldehyde to water. Preferably, the
composition of the aqueous solution having the larger molar ratio of
formaldehyde to water is such that it consists of from 25 to 40 mol% of
formaldehyde, 50 to 75 mol% of water, 0.2 to 1 mol% of trioxane and 3 to 10
mol% of methanol. The composition of the aqueous 45  solution having the
smaller molar ratio of formaldehyde to water is preferably such that it
consists of 5 to 20 mol% of formaldehyde, 70 to 93 mol% of water and 2 to
15 mol% of methanol. If desired, the aqueous solution having the larger
molar ratio of formaldehyde to water may be supplied as a mixture with
methanol to the reactor units connected to the distillation tower. In step
(A) of the process of the present invention, the solid acid catalyst can be
readily separated from 50  the solution containing unreacted methanol,
formaldehyde, water, etc. With homogeneous catalysts such as sulfuric acid,
separation from the reaction solution requires additional operations
including distillation and neutralization, but these operations are not
necessary in step (A). A system having a plurality of reactor units are
connected in communication with the distillation tower allows continuous
operation for a prolonged period. Stated more specifically, the reactor
units permit forced 55  circulation of the feed. If backup reactor units
are installed, some of the reactor units can be stopped for catalyst
regeneration, change-out and recovery without discontinuing the production
of methylal. The methylal thus produced is transferred to the next step of
oxidation where it is converted to formaldehyde gas.    EP 0 327 343 B1 (B)
Synthesis of formaldehyde gas from methylal (Step of methylal oxidation):
In this step, formaldehyde gas is generated by oxidizing methylal in the
presence of an oxidation catalyst. This method is described, for example,
in U.S. Patent 2,467,223. 5     Examples of the oxidation catalyst that can
be used are also described in U.S. Patent 2,467,223 and they include:
silver, copper oxide, molybdenum, vanadium, iron molybdate, iron,
molybdenum activated with manganese, magnesium, cadmium, calcium, etc., as
well as phosphorus oxide and molybdenum oxide that are activated with
manganese, magnesium, cadmium, calcium, etc. More preferred catalysts are
those described in JP-A-57-134432 which contain as effective components
iron, molybdenum and at least one 10 metal element selected from among
alkali metals, bismuth, chromium, tungsten, nickel and cobalt. These
catalysts achieve high selectivity for formaldehyde with reduced production
of carbon monoxide, dimethyl ether and methyl formate as co-products. As
described in JP-A-60-251932, the proportions of the respective catalyst
components are preferably such that molybdenum is 1.5 to 3.0 and the total
amount of alkali metals, bismuth, chromium, tungsten, nickel and cobalt is
0.001 to 0.1 with respect to iron in terms of metal 15 atomic ratio. Such
catalysts have the added advantage of a long useful life. In a preferred
embodiment of step (B), formaldehyde gas is produced by oxidizing methylal
using an oxide that contains as effective components iron and molybdenum or
an oxide that contains as effective components iron, molybdenum and at
least one metal element selected from among alkali metals, bismuth,
chromium, tungsten, cobalt and nickel. 20     Specific examples of
catalysts that can be used in step (B) include iron molybdate, a mixture of
iron molybdate and molybdenum trioxide, and catalysts which additionally
contain an oxide of at least one metal selected from among alkali metals,
bismuth, chromium, tungsten, cobalt and nickel. The atomic ratio of
molybdenum to iron (Mo/Fe) in these catalysts is normally within the range
of 1.6 to 4.5, preferably 1.6 to 3.0, more preferably 1.6 to 2.5, and most
preferably 1.6 to 1.9. 25    In a preferred embodiment, the oxidation
catalyst is packed in tubular reactor units and a gas containing 



methylal and oxygen is allowed to flow through the catalyst bed to generate
formaldehyde. The packed catalyst may be in the form of granules,
cylinders, Rasching rings, spoke rings, etc. In a preferred mode of
catalyst packing, the oxide catalyst in the first entrance half of the tube
has an atomic ratio of molybdenum to iron (Mo/Fe) of from 1.6 to 2.5,
whereas the oxide catalyst in the second half 30 of the tube has a Mo/Fe
atomic ratio of from 1.6 to 4.5. It is particularly preferred that the
first entrance half of the tube is packed with an oxide catalyst having a
Mo/Fe atomic ratio of from 1.6 to 2.5 or 1.6 to 2.0 and the second half of
the tube is also packed with an oxide catalyst having a Mo/Fe atomic ratio
of from 2.0 to 4.5 or 2.0 to 3.5. In the case of using tubular reactor
units, it is more preferred that the concentrations of the methylal 35 and
oxygen to be supplied to the reactor units satisfy the following condition
(1): 7.0 [err] X [err] 2.0 and 40 1.04X - 3.9 2 X 2 1.04Y - 5.9  (1) where
X is the volume % of gaseous metnylal supplied to the reactor units, and Y
is the volume % of oxygen supplied to the reactor units. 45    In step (B),
the methylal feed may contain methanol. In the case where a gas containing
methylal, methanol and oxygen is allowed to flow through the oxide catalyst
bed to generate formaldehyde, the feed concentrations of methylal, methanol
and oxygen preferably satisfy the following condition (2): 7.0 [err] X +
Z/2 [err] 2.0 50 and 55              [err] 7    EP 0327 343 B1 where X and
Z are the volume % of gaseous methylal and methanol supplied to the
reactors, respectively; Y is the volume % of oxygen supplied to the
reactors; and X, Z, m and n satisfy the following relationships: [err] 10
and 15     0.5 [err] n > 0, 1>m [err] 0.5 . If the relationship between the
concentration of oxygen to be supplied to the reactor units and the
concentration of methylal and/or methanol satisfies condition (1) or (2),
formaldehyde is stably produced. If, in condition (1) which sets forth the
relationship between the concentration of methylal X(vol%) and the
concentration of oxygen Y(vol%), the concentration of methylal exceeds
1.04Y-3.9, it is difficult to maintain 20  the activity of reaction for an
extended period. The selectivity for formaldehyde also tends to decrease
with time, as evidenced by increased production of carbon monoxide as a
by-product. If the concentration of methylal becomes lower than 1.04Y-5.9,
the potential hazard of explosion will increase. The concentration of
methylal in the vapor phase in contact with the catalyst bed is normally
within the range of from 2 to 7 vol%, preferably 3 to 6 vol%, more
preferably 4 to 5 vol%, and most preferably 4 to 4.5 vol%. 25     As
described above, the concentrations of oxygen and methylal in the gas phase
to be supplied to the reactor units must be controlled to lie within the
ranges specified by condition (1) or (2). According to a preferred method
that is commonly employed in the reaction production step (B), the reaction
product which contains formaldehyde gas is prepared by mixing air and
methylal with the oxygen-lean gas that is obtained by absorbing
formaldehyde in a water-containing absorption tower. 30     The present
inventors have found that when methylal either alone or in admixture with
methanol is oxidized in an oxygen-containing vapor phase to produce
formaldehyde, greater stable formaldehyde production can be achieved by
performing the oxidation reaction of methylal over the catalyst under the
conditions that satisfy the following relation: 35  [the rate of oxygen
consumption per unit weight of catalyst]/[oxygen partial pressure] [err]
1.0 mol/hr  (g- catalyst).(atm)   (3) 



The "rate of oxygen consumption per unit weight of catalyst" in (3) means
the number of moles of oxygen that are consumed in one hour of reaction per
gram of catalyst, and the "oxygen partial pressure" 40  is the partial
pressure in atmospheres of oxygen in the reaction gas. The faster the rate
of oxygen consumption, the faster the rate of oxidation reaction. It is
difficult to determine directly the rate of oxygen consumption in a
vapor-phase reaction, but it can be calculated on the basis of such factors
including the increase in reaction temperature due to the heat of oxidation
reaction, the specific heat and the flow rate of the reactants, and the
heat balance between the reaction system (usually a tube is filled with a
catalyst 45  through which methylal or methylal-methanol mixed gas, oxygen,
nitrogen, water and the reaction product will flow) and the outside of the
system (which is usually a heat medium such as a molten inorganic salt or a
heat-resistant organic medium). Oxygen partial pressure can also be
calculated from such factors including the initial oxygen partial pressure
prior to contact with the catalyst bed, the rate of oxygen consumption and
the material balance of the reaction product. 50    In various
calculations, the following values of the heat of reaction may be employed
with advantage: [err] AH = -24.13 Kcal/mol 55 [err] [err] = 13.29 Kcal/mol
8    EP 0 327 343 B1 [err] [err] = -37.42 Kcal/mol ' 5 [err] AH = -2.97
Kcal/mol 10   [err] [err] = -56.52 Kcal/mol The rate of reaction and the
chemistry of reaction can be calculated by simulating the reaction in the
reaction system. This simulation is based on reaction analysis and the
temperature distribution in the 15  reaction system as determined from such
factors including the overall heat transfer coefficient. The value of [the
rate of oxygen consumption per unit weight of catalyst]/[oxygen partial
pressure] is preferably 1.0 or less, more preferably 0.7 or less, and most
preferably 0.5 or less. The value of [the rate of oxygen consumption per
unit weight of catalyst]/[oxygen partial pressure] in the catalyst-filled
tube correlates to the reaction temperature elevation curve. Stated more
specifically, this 20 value increases as the reaction temperature
increases, and reaches a maximum just before the reaction temperatures
peaks, and then decrease as the reaction temperature decreases. The maximum
value of [the rate of oxygen consumption per unit weight of
catalyst]/[oxygen partial pressure] is important and this is influenced by
such factors as the temperature of heat medium, the concentration of
methylal, the degree of catalyst dilution (the degree by which the catalyst
is diluted with an inert substance) and the linear speed of 25  reactants.
In a region where the value of [the rate of oxygen consumption per unit
weight of catalyst]/[oxygen partial pressure] exceeds 1.0, molybdenum is
oxidized to yield black molybdenum dioxide as a by-product and it becomes
difficult to perform the intended oxidation reaction for an extended
period. In step (B), the oxidation reaction of methylal or
methylal-methanol mixed gas is normally performed in 30 the temperature
range of from 250 to 400 C. A preferred range is from 250 to 380 * C, and a
particularly preferred range is from [err]. In a preferred embodiment, a
gas containing methylal and oxygen is passed through the catalyst bed in
the tube. Industrially employed reactor units are each composed of 5,000 to
50,000 tubes having an inside diameter of 15 to 25 mm and a length of 600
to 2,000 mm. The reaction temperature is controlled by passing a heat
medium over the outside of the tubes within the reactor 35  unit so that it
will impart heat to, or remove heat from the reactants in the tubes.
Suitable heat media that can be used are inorganic salts, heat-resistant
organic media, etc. The heat 



media are usually employed at temperature in the range of from [err].
Normally, the temperature of heat media is raised as the reaction proceeds.
The linear speed of reactants in the reactor units is normally within the
range of from 1.0 to 3.0 40 [err] more preferably 1.3 to 2.3 [err]. The
conversion of methylal to formaldehyde in step (B) depends on the reaction
conditions employed and is normally in the range of from 85 to 95%. As the
reaction temperature decreases, the methylal conversion decreases. This is
also the case when the reaction temperature is excessive because of the
accurance of side reactions such as the formation of carbon monoxide. 45
(C) Absorption of the oxidation reaction product gas resulting from the
step of methylal oxidation (Absorption step): The formaldehyde-containing
gas obtained as the oxidation reaction product of step (B) is supplied to
50  an absorption tower where it is absorbed into water or an aqueous
formaldehyde solution. Any type of absorption tower that is commonly
employed in the art may be used and examples include packed towers or
columns, towers provided with a plurality of trays, and wet-walled columns.
A countercurrent system is normally employed in the absorption tower, in
which the formaldehyde- containing gas is introduced to the lower part or
bottom of the tower, and an absorption medium is supplied 55 to the top of
the tower. Water or an aqueous solution of formaldehyde may be employed as
an absorption medium and in the latter case, an aqueous formaldehyde
solution of high water content (e.g., 5 wt% or more) that will be separated
in a subsequent step is preferably employed. Depending on the specific
objective, the aqueous 9    EP 0 327 343 B1 formaldehyde solution of low
water content that is to be separated and recovered in the subsequent step
may be employed as an absorption medium. An externally supplied separated
aqueous solution of high or low water content may also be employed as an
absorption medium. If desired, the water-rich aqueous solution of
formaldehyde that has been obtained by direct oxidation of methanol is also
suitable for use as 5  an absorption medium. In another preferred
embodiment, the aqueous formaldehyde solution obtained from the bottom of
the absorption tower is recycled to its top. The quantity of water or
aqueous formaldehyde solution to be used in the absorption step may be
properly determined in accordance with the desired concentration of the
aqueous formaldehyde solution io  that emerges from the absorption tower.
Generally speaking, an aqueous formaldehyde solution is used as an
absorption medium in a smaller amount than water. Two absorption towers may
be employed in one method for the absorption of formaldehyde gas. In one
example of this method, the oxidation reaction product gas is absorbed into
an aqueous formaldehyde solution of low concentration in the first
absorption tower to obtain an aqueous formaldehyde solution of 15  high
concetration (e.g., 60 to 80 wt%) and part of the remaining oxidation
reaction product gas, which is not absorbed in the first absorption tower,
is absorbed into water or an aqueous formaldehyde solution in the second
absorption tower to produce an aqueous formaldehyde solution of low
concentration (e.g., 30 to 55 wt%, preferably 40 to 50 wt%) which is
subsequently supplied to the first absorption tower. In another example, an
aqueous formaldehyde solution of low concentration is sprayed using a spray
nozzle in the first 20  absorption tower. In either case, the second
absorption tower is furnished with a filler or some other means for
effecting gas-liquid contact. A problem associated with the case where a
high concentration of formaldehyde is present in said product gas is that
formaldehyde will be easily deposited as scale and the chance of clogging
of the absorption tower is increased. In order to solve this problem, the
following method may be adopted when 25 the formaldehyde-containing gas
obtained by oxidation of methylal is absorbed into water or an aqueous
formaldehyde solution: Before the formaldehyde-containing gas is supplied
to the packing or trays in the absorption tower or to some other gas-liquid
contact equipment, the water content of the gas is increased and only
thereafter is the gas subjected to gas-liquid contact with the packing or
trays in the absorption 



tower or a gas-liquid contact apparatus such as a wetted-wall column. so
The reaction product gas obtained by oxidation of methylal usually has a
water content in the range of 4 to 10 vol%. This water content is
preferably elevated to at least 15 vol% before the gas is introduced into
the absorption tower. A preferred method for increasing the water content
of the formaldehyde-containing gas is to bring it into contact with the
aqueous formaldehyde solution that emerges from the absorption tower. The
temperature of this aqueous formaldehyde solution is preferably elevated
before it is brought 35  into contact with the formaldehyde-containing gas.
When expressed mathematically, the following condition (4) is desirably
satisfied: 1.02M + 9 [err] T [err]1.02M + 19  (4) 40 where M is the
concentration in wt% of the aqueous formaldehyde solution, and T is the
temperature in [err] of this solution. The use of absorption towers is not
the only method of absorption that can be employed in step (C). Other
methods include: i) bubbling the formaldehyde-containing gas into an
aqueous solution in a bubbling vessel; and ii) allowing he
formaldehyde-containing gas to make countercurrent contact with an
absorption 45  medium in a tube. As already mentioned, the concentration of
the aqueous formaldehyde solution to be obtained as a result of absorption
in step (C) can be appropriately adjusted in accordance with the
relationship between the quantities of formaldehyde gas and absorption
medium used. A preferred concentration of the aqueous formaldehyde solution
is within the range of from 60 to 80 wt%, with the range of 65 to 75 wt%
being more 50  preferred. (D) Separation of the aqueous formaldehyde
solution (Separation step): The aqueous formaldehyde solution obtained in
step (C) is subsequently separated into formaldehyde 55  having a higher
water content and a lower water content than said aqueous solution. The
formaldehyde of a lower water content is recovered as the end product from
the system, whereas the formaldehyde of a higher water content is recycled
to step (A) as a feed for methylal formation. 10    EP 0 327 343 B1 Any
method that is well know in the art may be used as a separation technique
in step (D). A preferred method is employed in Example 2 as follows: The
aqueous formaldehyde solution is reacted with an alcohol such as
polyethylene glycol, cyclohexanol or trimethylolpropane to form hemiacetal,
which then is heated in a decomposing vessel to be separated into a
water-lean formaldehyde gas and a water-rich aqueous 5  formaldehyde
solution. The water-lean formaldehyde thus separated and recovered may be
used, for example, as a material for the production of acetal homopolymers.
In the case where the aqueous formaldehyde solution obtained in step (C) is
converted to a derivative such as trioxane, which then is recovered as the
end product from the system, water-rich formaldehyde is 10 separated as
unreacted formaldehyde as described in Example 1. The separated water-rich
formaldehyde is recycled to step (A) for further use in methylal formation.
Besides trioxane, various formaldehyde derivatives may be obtained,
including paraformaldehyde and the condensation product of phenol and
formaldehyde. The concentration of the water-lean formaldehyde is usually
adjusted to a water content of not more than 5 wt%. The concentration of
the water-rich formaldehyde is normally adjusted to a water content of 5 15
wt% or more, preferably 5 to 50 wt%, more preferably 10 to 45 wt%. The
following examples are given for the purpose of illustrating the process of
the present invention as it relates to the preferred case of producing
formaldehyde gas or trioxane which is to be used as a material for the
manufacture of polyacetal resins. The selectivity for formaldehyde and the
conversion of methylal to formaldehyde in the oxidation step 20  are
calculated by the following formulae: Selectivity = [formaldehyde produced]
in moles/{supplied 3[methylal] moles + supplied [methanol] moles -
unreacted [methanol] moles} x 100% 25  Conversion = [formaldehyde produced]
in moles{supplied 3[methylal] moles + supplied [methanol] moles} x 100% 



REFERENTIAL EXAMPLE 1 30     An experiment was conducted using a
distillation tower 1 and three reactor units X, Y and Z as shown in Fig. 2.
Each of the reactor units X, Y and Z was filled with 300 cc of a
macroreticular strong acidic cation- exchange resin (Amberlite 200C). A 40%
aqueous formaldehyde solution (containing 1% methanol) was supplied through
a feed pipe 5 at a rate of 200 g per hour, and methanol was supplied
through a feed pipe 2 at a rate of 169 g per hour. 35     The distillation
tower 1 was a packed tower having a height of 2.5 m. The middle portion of
the distillation tower 1 was furnished with stages from which liquid
components were withdrawn and pumped to the reactor units X, Y and Z. The
liquid components were circulated to make solid-liquid contact with a
catalyst. The reaction solutions containing the resulting methylal which
emerged from the reactor units X, Y and Z were returned to the distillation
tower 1, where they made gas-liquid contact with the vapor ascending 40
from the bottom of the tower 4 to its top 3 so that the concentration of
methylal would progressively increase. The reflux was returned to the top
of the distillation tower 1 so as to hold the top temperature at 42 * C.
The distillate was withdrawn from the top 3 at a rate of 204 g per hour and
reserved in a tank. The purity of methylal in the distillate 2 was 99%. An
aqueous solution containing 0.5% formaldehyde and 0.01% methanol was
discharged from the bottom 4 at a rate of 16.5 g per hour. 45     The
resulting methylal was supplied to the oxidation reaction system employing
an iron tube 6 (i.d., 21 mm; length, 100 cm) that was packed with an iron
molybdate-molybdenum trioxide catalyst (Mo/Fe atomic ratio, 2.3) in the
form of a spokes ring. The first 50-cm portion (the upper portion in Fig.
2) of the catalyst bed was composed of 75 vol% of the catalyst and 25 vol%
of a ceramic Raschig ring. The second 50-cm portion (the lower portion in
Fig. 2) of the catalyst bed was solely composed of the catalyst. An organic
50 heat-resistant oil (trade name, SK Oil) was circulated at [err] over the
outside of the tube 7. A gas consisting of 4 vol% methylal, 8.3 vol%
oxygen, 2 vol% water and the balance nitrogen was supplied to the catalyst
bed through a conduit 8 at a linear speed of 1.2 [err]. A fine hollow
syringe needle having an inside diameter of 1 mm and an outside diameter of
1.5 mm was inserted through the center of the catalyst bed in the tube from
top to bottom and a thermocouple was passed through this needle for 55
measurement of the temperature in the tube. Based on heat balance and
reaction analysis, the value of [the rate of oxygen consumption per unit
weight of catalyst]/[oxygen partial pressure] in the catalyst bed was
determined. A maximum value of 0.44 mol/hr (g-catalyst)(atm) was attained.
The highest reaction temper- ture was [err]. 11    EP 0 327 343 B1 The
selectivity for formaldehyde from methylal was 94% and the conversion to
formaldehyde was 93%. The amount of by-product carbon monoxide was 3% of
the product formaldehyde. The reaction product gas was then introduced into
an absorption tower filled with a Dickson packing. The gas was bubbled into
an aqueous formaldehyde solution in the bottom of the absorption tower.
After 5 the bubbling, the gas was brought into gas-liquid contact in the
packed portion. Makeup water was fed to the absorption tower from it stop
and its quantity was adjusted in such a way that the concentration of
formaldehyde in the aqueous formaldehyde solution in the bottom of the
absorption tower would be held at 65%. 10 REFERENTIAL EXAMPLE 2 The
procedures of Referential Example 1 was repeated except that methylal
synthesis was performed using the solid acid catalyst shown in Table 1 in
place of the macroreticular cation-exchange resin (trade name, Amberlite
200C). The results of the oxidation and absorption steps were entirely the
same as those 15 obtained in Referential Example 1. The results of the
methylal synthesis step are also given in Table 1. REFERENTIAL EXAMPLE 3
The oxidation step of the process performed in Referential Example 1 was
repeated using a tube filled 20  with an annular iron-molbdenum oxide
catalyst (atomic ratio of Mo/Fe=2.2) and with a heat-resisntant heat medium
being circulated at [err] in the outside of the tube. A gas containing 8.5
vol% oxygen and 4.5 vol% methylal that satisified condition (1) was
supplied to the catalyst bed at a liner speed of 1.5 [err]. The supplied
gas contained 2 vol% of water. Based on reaction analysis, the value of
[the rate 



of oxygen consumption per unit weight of catalyst]/[oxyge partial pressure]
in the catalyst bed was 25 determined. A maximum value of 0.45 mol/hr
(g-catalyst)(atm) was attained. The highest reaction temperature was 340 *
C. The conversion to formaldehyde was 92%. The amount of by-product carbon
monoxide was 4% of the product formaldehyde. The results of the other steps
were entirely the same as those obtained in Referential Example 1. 30
REFERENTIAL EXAMPLE 4 The procedures of Referential Example 1 were repeated
using a Rasching ring of iron-molybdenum- chromium oxide catalyst (atomic
ratio of Mo/Fe/Cr=2.1/1/0.02). The conversion to formaldehyde was 92%, and
3% CO was formed as a by-product. A maximum value of [the rate of oxygen
consumption per unit 35 weight of catalyst]/(oxygen partial pressure] as
determined by reaction analysis was 0.45. The highest reaction temperature
was 330 * C. The results of the other steps were entirely the same as those
obtained in Referential Example 1. The oxidation step was continued for 3
months and the selectivity for formaldehyde remained at the initial 94%.
The oxidation catalyst was withdrawn from the tube for examination; a black
deposit of 40 molybdenum dioxide was barely noticeable. REFERENTIAL EXAMPLE
5 The procedures of Referential Example 1 were repeated with the heat
medium circulated at 270 * C in 45 the oxidation step. The value of [the
rate of oxygen consumption per unit weight of catalyst]/[oxygen partial
pressure] reached a maximum of 0.82 mol/hr.(g-catalyst)(atm). The highest
reaction temperature was [err]. The selectivity for formaldehyde from
methylal was 92%. The results of the other steps were entirely the same as
those obtained in Referential Example 1. The oxidation step was continued
for 3 months and 91% selectivity for formaldehyde was maintained. 50 The
catalyst was withdrawn from the tube for examination; a black deposit of
molybdenum dioxide was observed. 55 12    EP 0 327 343 B1 TABLE 1
Referential           Solid Acid Catalyst          Distillate    Extract
from the Bottom Example No.                                        from the
5                                                         top Methylal
Formaldehyde   Methanol (%)         (%)          (%) 2
cation-exchange resin (gel type) (trade  99           0.5         0.01 10
name, Amberlite 120 B) 3       Crystalline mordenite-type aluminosilicate
99        0.6         0.01 (silicate-to-alumina molar ratio = 70) 4
Crystalline alumino-silicate             99           0.6         0.02
(silica-to-alumina molar ratio = 10) 5       sulfonated tetrafluoroethylene
resin     99           0.6         0.02 derivative (trade name, Nafion H)
20 EXAMPLE 1 Using the process shown in Fig. 3, trioxane which is a
derivative of formaldehyde, was produced from methanol. Methylal synthesis
was conducted using a distillation tower 1 and three reactor units X Y and
Z as shown in Fig. 3. Each of the reactor unit X, Y and Z was filled with
300 cc of a macroreticular strong 25 acidic cation-exchange resin (trade
name, Amberlite 200C). A 35% aqueous formaldehyde solution (contain- ing 1%
trioxane) was supplied through a feed pipe 5 at a rate of 188 g per hour.
Methanol was supplied through a feed pipe 2 at a rate of 246 g per hour,
and a 70% aqueous formaldehyde solution was supplied through a feed pipe 2'
at a rate of 69 g per hour. The distillation tower 1 was a packed tower
having a height of 2.5 m. The middle portion of the 



30 distillation tower 1 was furnished with stages from which liquid
components were withdrawn and pumped to the reactor units X, Y, and Z where
they were circulated to make solid-liquid contact with a catalyst. The
reaction solutions containing the resulting methylal which emerged from the
reactor units X, Y and Z were returned to the distillation tower 1, where
they made gas-liquid contact with the vapor ascending from the bottom of
the tower 4 to its top 3 so that the concentration of methylal would
progressively increase. The 35 reflux was returned to the top of the
distillation tower 1 so as to hold the top temperature at [err]. The
distillate was withdrawn from the top 3 at a rate of 295 g per hour and
reserved in a tank. The purity of methylal in the distillate was 99%. An
aqueous solution containing 0.5% formaldehyde and 0.01% methanol was
discharged from the bottom 4 at a rate of 208 g per hour. The resulting
methylal was supplied to the oxidation reaction system employing an iron
tube 6 (i.d., 21 40 mm; length, 100 cm) that was packed with an iron
molybdate-molybdenum trioxide catalyst (Mo/Fe atomic ratio, 2.3) in the
form of a spokes ring. The first 50-cm portion (the upper portion in Fig.
3) of the catalyst bed was composed of 75 vol% of the catalyst and 25 vol%
of a ceramic Rasching ring. The second 50-cm portion (the lower portion in
Fig. 3) of the catalyst bed was solely composed of the catalyst. An organic
heat-resistant oil (trade name, SK Oil) was circulated at [err] over the
outside of the tube 7. A gas 45 consisting of 4 vol% methylal, 8.3 vol%
oxygen, 2 vol% water and the balance nitrogen was supplied to the catalyst
bed through a conduit at a linear speed of 1.7 [err]. A fine hollow syringe
needle having an inside diameter of 1 mm and an outside diameter of 1.5 mm
was inserted through the center of the catalyst bed in the tube from top to
bottom, and a thermocouple was passed through this needle for measurement
of the temperature in the tube. Based on heat balance and reaction
analysis, the value of [the rate of 50 oxygen consumption per unit weight
of catalyst]/[oxygen partial pressure] in the catalyst bed was determined.
A maximum value of 0.42 mol/hr (g-catalyst)(atm) was attained. The highest
reaction tempera- ture was 330 * C. The selectivity for formaldehyde from
methylal was 94% and the conversion to formaldehyde was 92%. The amount of
by-product carbon monoxide was 3% of the product formaldehyde. 65     The
reaction product gas was then introduced into the first spray tower 10 that
was equipped with a heater 9 to hold the solution temperature at [err]. The
introduced gas was converted to a highly concentrated aqueous formaldehyde
solution in the spray tower 10. The gas leaving the spray tower 10 was
introduced into the second absorption tower 10a and subjected to gas-liquid
contact in the packed portion 13    EP 0 327 343 B1 11. Makeup water was
supplied to the second absorption tower at an area close to its top 12, and
the bottoms from the second absorption tower were supplied as spray water
to the spray tower 10. The amount of makeup water supplied to the second
absorption tower was adjusted in such a way that the concentration of
formaldehyde in the aqueous formaldehyde solution in the bottom of the
spray tower would be held at 5 70%. Example 1 employs a two-tower
absorption system having the spray tower 10 and the second absorption tower
10a. The resulting 70% aqueous formaldehyde solution (containing 1%
methanol) was supplied both to a reactor 13 for trioxane synthesis and to
the distillation tower 1 for methylal synthesis. The 3-liters reactor 13
was supplied with the 70% aqueous formaldehyde solution (containing 1% 10
methanol) at a rate of 386 g/hr. The reactor 13 contained 2% sulfuric acid.
The contents of the reactor were boiled by means of a heater 14. The
resulting trioxane-containing vapor was supplied to a 30-stage distillation
tower 15. An aqueous solution containing 51% trioxane, 17 % unreacted
formaldehyde, and the remainder methanol, methyl formate, methylal, formic
acid, etc. was withdrawn from the top 16 at a rate of 385 g/hr. The
withdrawn aqueous solution consisting of trioxane, formaldehyde, etc. was
supplied at a rate 15 of 385 g/hr to the top of a 30-stage rotary disk
extraction tower 17, which was supplied from the bottom 18 with benzene at
a rate of 300 g/hr. A trioxane-benzene solution was withdrawn from the top
19 at a rate of 496 g/hr, and an aqueous solution containing 35%
formaldehyde, 2% trioxane and 0.5% benzene was withdrawn from the bottom 20
at a rate of 190 g/hr. The trioxane-benzene solution was supplied to the
middle stage of a distillation tower 21, where it was separated into
high-purity trioxane and benzene by a 20  commonly known method. The
trioxane was withdrawn from the bottom 22 whereas the benzene was 



withdrawn from the top 23. The benzene was supplied to the middle stage of
a subsequent distillation tower 21a, where methanol, methyl formate and
other impurities in the benzene were further removed from the top 24. The
purified benzene was recycled from the bottom 25 to the bottom 18 of the
rotary disk extraction tower 17. The aqueous solution containing
formaldehyde and trioxane that was withdrawn from the bottom 25 20 of the
extraction tower 17 was supplied to the middle stage of another
distillation tower 26, where a trace amount of benzene was removed from the
top 27. An aqueous solution containing formaldehyde and trioxane was
withdrawn from the bottom 28 at a rate of 188 g/hr and reserved in a tank
29. The concentration of formaldehyde in the withdrawn aqueous solution was
35%. The recovered aqueous formaldehyde solution was recycled to the
distillation tower 1 for methylal synthesis. 30 EXAMPLE 2 Using the process
shown in Fig. 4, highly concentrated formaldehyde was produced from
methanol. A 27% aqueous formaldehyde solution (containing 2% methanol)
flowing at a rate of 170 g/hr was mixed with 35 a 65% aqueous formaldehyde
solution (containing 1% methanol) flowing at a rate of 76 g/hr and the
mixture was supplied through a feed pipe 2 in the system shown in Fig. 4.
Methanol was supplied through a feed pipe 2 at a rate of 225 g/hr. As in
Referential Example 1, the distillation tower 1 for methylal synthesis
communicated with three reactor units X, Y and Z and was operated in the
same manner as in Referential Example 1. Methylal containing 10% methanol
was recovered from the top 3 at a rate of 269 g/hr and 40 reserved in a
tank. The reaction water was withdrawn from the bottom 4. The recovered
methanol-containing methylal was then subjected to an oxidation step. The
iron tube 6 used in this step was of the same type as the one employed in
Referential Example 1 and the jacket 7 was similarly heated with a heat
medium. The oxidation step was operated as in Referential Example 1 except
that a gas consisting of 3.8 vol% methylal, 1.0 vol% methanol, 8 vol%
oxygen, 2 vol% water and the 45 balance nitrogen was supplied to the
catalyst bed in the tube. Reaction analysis showed that the value of [the
rate of oxygen consumption per unit weight of catalyst]/[oxygen partial
pressure] reached a maximum at 0.45 mol/hr (g-catalyst)(atm). The highest
reaction temperature was [err]. The conversion of the methanol/methylal
mixture to formaldehyde was 92%. The amount of by-product carbon monoxide
was 3% of the product formaldehyde. 50     As in Example 1, the reaction
product gas was introduced into a spray tower 10 for effecting gas-liquid
contact. Makeup water was supplied to an absorption tower 1 Oa in an area
close to its top 12. With the temperature in the spray tower 10 held a
[err] by means of a heater 9, the supply of makeup water was adjusted in
such a way that the concentration of formaldehyde in its aqueous solution
would be held at 65%. Part of the resulting aqueous formaldehyde solution
was withdraw from the bottom of spray tower 10 55 and supplied through a
conduit 5' both to the distillation tower 1 for methylal synthesis and to a
hemiacetalizing vessel 30 for generating formaldehyde gas. In the
hemiacetalizing vessel 30, a 65% aqueous formaldehyde solution (containing
1% methanol) and hemiacetalized polyethylene glycol 400 were mixed at
respective rates of 380 g/hr and 500 g/hr. The 14    EP 0 327 343 B1
hemiacetalized reaction product was supplied to a vacuum dehydration vessel
31 at a rate of 880 g/hr. The vacuum dehydration vessel 31 was heated with
a jacket 32 to remove moisture under vacuum. An aqueous solution of 27%
formaldehyde distilled at a rate of 170 g/hr and was reserved in a
container 33. The dehydrated hemiacetal was supplied to a hemiacetal
decomposing vessel 34 heated at [err]. A 5  crude formaldehyde gas
containing 4% water was generated in the bottom 35 at a rate of 210 g/hr.
The resulting formaldehyde gas was passed through a five-stage cooling trap
36 at [err] to obtain a pure gas of formaldehyde polymerization grade. Part
of the hemiacetalized polyethylene glycol leaving the hemiacetal
decomposing vessel 34 was returned as described above to the
hemiacetalizing vessel 30. 10  EXAMPLE 3 In the absorption step of the
process performed in Example 1, the aqueous formaldehyde solution withdrawn
from the bottom of the absorption tower was introduced into the discharge
gas pipe from the oxidation reaction zone. Thus, the oxidation reaction
product gas supplied to the absorption tower made 



15 gas-liquid contact with said aqueous formaldehyde solution. The liquid
phase that had been subjected to gas-liquid contact was returned to the
bottom of the absorption tower whereas the gas phase was subjected to
another gas-liquid contact in the packed portion. The other operations were
the same as those performed in Example 2. The system could be operated
continuously for one week without causing any detectable scale deposition
in the packed area of the absorption tower. 20 EXAMPLE 4 The aqueous
formaldehyde solution at the bottom of the absorption tower was sprayed and
circulated in that tower. The gas leaving the oxidation reaction step was
supplied to the zone of spraying with the 25 aqueous formaldehyde solution.
The other operations were the same as those performed in Example 3. The
system could be operated continuously for one week without causing any
detectable scale deposition in the packed area of the absorption tower.
EXAMPLE 5 30 A spray tower was connected to the absorption tower. The gas
leaving the oxidation reaction step was supplied to the spray tower. The
oxidation reaction product gas emerging from the top of the spray tower was
then introduced into the absorption tower. The bottoms from the absorption
tower were supplied to the spray tower and circulated in it. The resulting
aqueous formaldehyde solution was withdrawn from the 35 bottom of the spray
tower. The other operations were the same as those performed in Example 4.
The system can be operated continuously for one week without causing any
detectable precipitation of paraformaldehyde in the packed area of the
absorption tower or in the produced aqueous formaldehyde solution. 40
EXAMPLE 6 A heater was installed at the bottom of the spray tower and the
bottoms of the spray tower were circulated at a controlled temperature of
[err]. In addition, the concentration of formaldehyde in the aqueous
formaldehyde solution obtained from the bottom of the absorption tower was
adjusted to 65%. The 45 other operations were the same as those performed
in Example 1. The system could be operated continuously for one week
without causing any detectable precipitation of paraformaldehyde in the
packed area of the absorption tower or in the produced aqueous formaldehyde
solution. EXAMPLE 7 50 The procedures of Example 1 were repeated except
that the temperature at the bottom of the spray tower was held at [err] and
the concentration of formaldehyde in the produced aqueous formaldehyde
solution was adjusted to 70%. The system could be operated continuously for
one week without causing any detectable formation of paraformaldehyde in
the packed area of the absorption tower or in the produced 55 aqueous
formaldehyde solution. 15    EP 0 327 343 B1 EXAMPLE 8 The gas leaving the
oxidation reaction step was introduced into the bottom of the absorption
tower as in Example 1 except that a 43% aqueous formaldehyde solution
prepared by silver-catalyzed oxidation of 5  methanol was supplied to the
top of the absorption tower in place of water. The oxidation product gas
was bubbled in the absorption tower so that it made gas-liquid contact in
the packed zone of the absorption tower. The supply of the 43% aqueous
formaldehyde solution was adjusted in such a way that the concentration of
the aqueous formaldehyde solution in the bottom of the absorption tower was
70%. The resulting aqueous formaldehyde solution was supplied to the
reactor for trioxane synthesis. Excess aqueous 10 formaldehyde solution was
withdrawn from the system so as to attain material balance. EXAMPLE 9 The
procedures of Example 1 were repeated except that the supply of water to
the absorption tower 15 was adjusted in such a way that the concentration
of the aqueous formaldehyde solution leaving the bottom of the absorption
tower was 60%. 



EXAMPLE 10 20    The 70% aqueous formaldehyde solution produced in Example
1 was dissolved in urea in such an amount that the molar ratio of
formaldehyde to urea was 2:1 and water was subsequently evaporated. The
aqueous solution obtained by condensation had a formaldehyde concentration
of 7%. The recovered aqueous formaldehyde solution was added to a 70%
aqueous formaldehyde solution to make a 40% aqueous formaldehyde solution
which was then mixed with a 40% aqueous formaldehyde solution that had 25
been separately prepared and fed to the distilation tower for methylal
synthesis. The resulting mixture (40% aqueous formaldehyde solution) was
supplied at a rate of 200 g per hour and treated as in Example 1 to prepare
methylal. The methylal was then supplied to the oxygenator and the
resulting oxidation reaction product gas was absorbed as in Example 1 to
obtain a 70% aqueous formaldehyde solution. 30 EXAMPLE 11 The procedures of
Example 1 were repeated except that the first half of the tube employed in
the oxidation step was filled with an iron molybdate-molybdenum trioxide
catalyst (atomic ratio of Mo/Fe = 2.0) in the form of a spokes ring whereas
the second half of the tube was filled with a similarly shaped iron 35
molybdate-molybdenum trioxide catalyst (Mo/Fe atomic ratio=2.7). Based on
heat balance and reaction analysis, the value of [the rate of oxygen
consumption per unit weight of catalyst]/[oxygen partial pressure] in the
catalyst bed was determined. A maximum value of 0.41 mol/hr
(g-catalyst)(atm) was attained. The highest reaction temperature was 330 *
C. The selectivity for formaldehyde from methylal was 95%, and the
conversion to formaldehyde was 94%. 40     The process of the present
invention is capable of producing highly concentrated formaldehyde or
derivatives thereof from methanol in an efficient way It also has the added
advantage that it does not require any special apparatus for concentrating
the formaldehyde of low concentration which inevitably forms in the system.
By virtue of these advantages, the present invention successfully avoids
the two major problems of the prior art, i.e., substantial energy
consumption that would otherwise be required to operate a 45  concentrating
apparatus and corrosion of the individual operating units of the system.
Claims 1. A process for producing formaldehyde or a derivative thereof from
methanol, comprising the steps of: 50       i) heating methanol and
formaldehyde in aqueous solution in the presence of an acidic catalyst to
obtain methylal; ii) oxidizing the resulting methylal in the presence of an
oxidation catalyst to obtain a formaldehyde gas; iii) absorbing the
formaldehyde gas resulting from the oxidation reaction into water or into
an 55       aqueous formaldehyde solution to obtain an aqueous formaldehyde
solution; iv) either separating the aqueous formaldehyde solution obtained
in step iii) into formaldehyde of a lower water content and formaldehyde of
a higher water content, and recovering the formaldehyde of a lower water
content, or reacting said aqueous formaldehyde solution to form a
derivative of 16    EP 0 327 343 B1 EXAMPLE 8 The gas leaving the oxidation
reaction step was introduced into the bottom of the absorption tower as in
Example 1 except that a 43% aqueous formaldehyde solution prepared by
silver-catalyzed oxidation of 5  methanol was supplied to the top of the
absorption tower in place of water. The oxidation product gas was bubbled
in the absorption tower so that it made gas-liquid contact in the packed
zone of the absorption tower. The supply of the 43% aqueous formaldehyde
solution was adjusted in such a way that the concentration of the aqueous
formaldehyde solution in the bottom of the absorption tower was 70%. The
resulting aqueous formaldehyde solution was supplied to the reactor for
trioxane synthesis. Excess aqueous 10 formaldehyde solution was withdrawn
from the system so as to attain material balance. EXAMPLE 9 The procedures
of Example 1 were repeated except that the supply of water to the
absorption tower 15 was adjusted in such a way that the concentration of
the aqueous formaldehyde solution leaving the bottom of the absorption
tower was 60%. 



EXAMPLE 10 20     The 70% aqueous formaldehyde solution produced in Example
1 was dissolved in urea in such an amount that the molar ratio of
formaldehyde to urea was 2:1 and water was subsequently evaporated. The
aqueous solution obtained by condensation had a formaldehyde concentration
of 7%. The recovered aqueous formaldehyde solution was added to a 70%
aqueous formaldehyde solution to make a 40% aqueous formaldehyde solution
which was then mixed with a 40% aqueous formaldehyde solution that had 25
been separately prepared and fed to the distilation tower for methylal
synthesis. The resulting mixture (40% aqueous formaldehyde solution) was
supplied at a rate of 200 g per hour and treated as in Example 1 to prepare
methylal. The methylal was then supplied to the oxygenator and the
resulting oxidation reaction product gas was absorbed as in Example 1 to
obtain a 70% aqueous formaldehyde solution. 30 EXAMPLE 11 The procedures of
Example 1 were repeated except that the first half of the tube employed in
the oxidation step was filled with an iron molybdate-molybdenum trioxide
catalyst (atomic ratio of Mo/Fe = 2.0) in the form of a spokes ring whereas
the second half of the tube was filled with a similarly shaped iron 35
molybdate-molybdenum trioxide catalyst (Mo/Fe atomic ratio=2.7). Based on
heat balance and reaction analysis, the value of [the rate of oxygen
consumption per unit weight of catalyst]/[oxygen partial pressure] in the
catalyst bed was determined. A maximum value of 0.41 mol/hr
(g-catalyst)(atm) was attained. The highest reaction temperature was [err].
The selectivity for formaldehyde from methylal was 95%, and the conversion
to formaldehyde was 94%. 40     The process of the present invention is
capable of producing highly concentrated formaldehyde or derivatives
thereof from methanol in an efficient way It also has the added advantage
that it does not require any special apparatus for concentrating the
formaldehyde of low concentration which inevitably forms in the system. By
virtue of these advantages, the present invention successfully avoids the
two major problems of the prior art, i.e., substantial energy consumption
that would otherwise be required to operate a 45 concentrating apparatus
and corrosion of the individual operating units of the system. Claims 1. A
process for producing formaldehyde or a derivative thereof from methanol,
comprising the steps of: 50       i) heating methanol and formaldehyde in
aqueous solution in the presence of an acidic catalyst to obtain methylal;
ii) oxidizing the resulting methylal in the presence of an oxidation
catalyst to obtain a formaldehyde gas; iii) absorbing the formaldehyde gas
resulting from the oxidation reaction into water or into an 55
aqueous formaldehyde solution to obtain an aqueous formaldehyde solution;
iv) either separating the aqueous formaldehyde solution obtained in step
iii) into formaldehyde of a lower water content and formaldehyde of a
higher water content, and recovering the formaldehyde of a lower water
content, or reacting said aqueous formaldehyde solution to form a
derivative of 16    formaldehyde, separating said derivative from unreacted
water-rich formaldehyde, and recovering said derivative; and v) returning
the water-rich formaldehyde separated in step iv) to step i) for further
use as the formaldehyde component. 5 2. A process according to claim 1,
wherein methylal is oxidized in step ii) in the presence of methanol. 3. A
process according to claim 1, wherein the step i) employs a distillation
tower and two or more reactors packed with a said acid catalyst that
communicate individually with the middle stage of the 10     distillation
tower, and wherein a solution containing methanol, formaldehyde, water and
the resulting methylal is circulated in each of said reactors, and wherein
the vapor in the distillation tower that undergoes gas-liquid contact with
the solution after it has been subjected to solid-liquid contact in the
reactor communicating with the lower portion of the distillation tower is
brought into another gas-liquid contact with the same solution which has
undergone solid-liquid contact by circulation in the reactor 15
communicating with a higher stage of the distillation tower, and wherein
the concentration of methylal in 



the vapor phase is progressively increased as the vapor is passed through
successive stages of gas- liquid contact. 4. A process according to claim
1, wherein the catalyst used In step ii) is an oxide containing as
effective 20     components iron and molybdenum, said oxide catalyst being
packed in a tube, and a gas containing both methylal or a mixture thereof
with methanol and oxygen is passed through said catalyst bed to generate
formaldehyde, and wherein the concentrations of methylal, methanol, and
oxygen fed into the reaction system satisfy the following conditions: 25
7.0[err] X + Z/2[err] 2.0 and [err] where X and Z are the volume % of
gaseous methylal and methanol supplied to the reactors; Y is the 35
volume % of oxygen supplied to the reactors; and m and n satisfy the
following relationships: 2X 2X+Z 40 [err] 45 and 0.5 [err] n >0, 1 >m
[err]0.5 . 50  5. A process according to claim 4, wherein said oxide
catalyst further contains as effective components at least one metalic
element from the group consisting of alkali metals, bismuth, chromium,
tungsten, cobalt and nickel. 6. A process according to claim 4, wherein the
first entrance half of the tube is packed with a catalyst 55     having a
molybdenum-to-iron molar ratio (Mo/Fe) of from 1.6/1 to 2.5/1, and wherein
the second half of the tube is packed with a catalyst having a
molybdenum-to-iron molar ratio (Mo/Fe) of 1.6/1 to 4.5/1. 17    EP 0 317
343 B1 7. A process according to claim 1, wherein an oxide containing as
effective components iron and molybdenum is used as the catalyst in step
ii) for producing forrnaldehyde by oxidizing methylal or a mixture thereof
with methanol in an oxygen-containing vapor phase, and wherein the
oxidation reaction of methylal or a mixture thereof with methanol over said
catalyst is performed under the conditions that 5      satisfy the
following reaction: [the rate of oxygen consumption per unit weight of
catalyst]/[oxygen partial pressure] [err]1.0 mol/hr (g- catalyst)(atm) 10
wherein the "rate of oxygen consumption per unit weight of catalyst" is the
number of moles of oxygen that are consumed in 1 hour of reaction per gram
of catalyst, and the "oxygen partial pressure" is the partial pressure in
atmospheres of oxygen in the reaction gas. 8.  A process according to claim
7, wherein said oxide further contains as effective components at least 15
one metal element selected from the group consisting of alkali metals,
bismuth, chromium, tungsten, cobalt and nickel. 9.  A process according to
claim 1, wherein the concentration of water in the formaldehyde-containing
gas produced in step iii) is increased before it is supplied to the
absorption tower for gas-liquid contact 20 10. A process according to claim
9, wherein the water content of the resulting formaldehyde-containing gas
is increased by bringing said gas into contact with the aqueous
formaldehyde solution emerging from step iii), said aqueous formaldehyde
solution being heated before it is brought into contact with said gas under
the following condition: 25 1.02M + 9[err]T[err]1.02M+19 wherein M is the
concentration in wt% of formaldehyde in the aqueous formaldehyde solution,
and T is the temperature in * C of the solution. 



30 PatentansprUche 1. Verfahren zum Herstellen von Formaldehyd oder eines
Derivats desselben aus Methanol, mit den folgenden Schritten: 35       i)
Erhitzen von Methanol und Formaldehyd in wassriger Losung in Anwesenheit
eines sauren Katalysators, um Dimethoxymethan zu erhalten; ii) Oxidieren
des sich ergebenden Dimethoxymethans in Anwesenheit eines
Oxidationskatalysators, um gasformigen Formaldehyd zu erhalten; iii)
Absorbieren des aus der Oxidationsreaktion herrOhrenden gasformigen
Formaldehyds in Wasser 40       oder einer w~ssrigen Formaldehyd-L8sung, um
eine w~ssrige Formaldehyd-L6sung zu erhalten; iv) entweder Aufteilen der im
Schritt iii) erhaltenen wassrigen Formaldehyd-Ldsung in Formaldehyd mit
geringerem Wassergehalt und Formaldehyd mit hoherem Wassergehalt, und
Gewinnen des Formaldehyds mit geringerem Wassergehalt, oder Ausflhren einer
Reaktion mit der wissrigen Formaldehyd-Losung, um ein Formaldehyd-Derivat
zu bilden, Abtrennen des Derivats aus wasserrei- 46       chem Formaldehyd,
der nicht umgesetzt wurde, und Gewinnen des Derivats; und v) RUckfOhren des
im Schritt iv) abgetrennten wasserreichen Formaldehyds zum Schritt i) zur
weiteren Verwendung als Formaldehyd-Komponente. 2. Verfahren nach Anspruch
1, bei dem Dimethoxymethan im Schritt ii) in Anwesenheit von Methanol 50
oxidiert wird. 3  Verfahren nach Anspruch 1, bei dem der Schritt i) elnen
Destillationsturm und zwei oder mehr Reaktoren verwendet, die mit dem
sauren Katalysator gefUllt sind und einzeln mit der mittleren Stufe des
Destillationsturms In Verbindung stehen, und be! dem eine Methanol,
Formaldehyd, Wasser und 55     das sich ergebende Dimethoxymethan
enthaltende L6sung in jedem der Reaktoren umgewalzt wird, und bei dem der
Dampf im Destillationsturm, der einem Gasformig/FlUssig-Kontakt mit der
Losung unterliegt, nachdem er einem Fest/Fllssig-Kontakt im Reaktor
unterzogen wurde, der mit dem unteren Abschnitt des Destillationsturms in
Verbindung steht, in einen anderen Gasf8rmig/FIUssig-Kontakt mit 18    EP 0
327 343 B1                              C 1 11111 11111111  111 11
derselben Losung gebracht wird, die einen Fest/FlUssig-Kontakt dadurch
erfahren hat, daB s8e im Reaktor umgewalzt wurde, der mit elner hoheren
Stufe des Destillationsturms in Verbindung steht, und bei dem die
Konzentration des Dimethoxymethans in der Gasphase allmahlich ansteigt,
wenn der Dampf durch aufeinanderfolgende Stufen mit
Gasformig/FlUssig-Kontakt geleitet wird. 5 4. Verfahren nach Anspruch 1,
be! dem der im Schritt ii) verwendete Katalysator ein Oxid ist, das als
wirksame Komponenten Eisen und Molybd~n enthalt, wobel der Oxidkatalysator
in ein Rohr geflilt ist, und ein Gas, das sowohl Sauerstoff als auch
Dimethoxymethan oder eine Mischung desselben mit Methanol enthilt, durch
das Katalysatorbett geleitet wird, um Formaldehyd zu erzeugen, und bei dem
10     die Konzentrationen von Dimethoxymethan, Methanol und Sauerstoff,
die in das Reaktionssystem eingespeist werden, den folgenden Bedingungen
genUgen: 7.02X + Z/222.0 15     und Y-3.9-7.63-a X  1.24-5.9-9.4n mI
m          m               m 20 wobei X und Z die Volumen-%-Werte des den
Reaktoren zugefUhrten gasformigen Dimethoxymethans und des Methanols sind;
Y der Volumen-%-Wert des den Reaktoren zugef~hrten Sauerstoffs ist; und m
und n den folgenden Beziehungen genUgen: 25 2X m = 2X+Z 



30 z n1=- 2X+Z 35 und 0.52:n>0, 1>m2:0.5 . 5. Verfahren nach Anspruch 4,
bei dem der Oxidkatalysator ferner als wirksame Komponenten mindestens 40
ein metallisches Element aus der aus Alkalimetallen, Wismut, Chrom,
Wolfram, Kobalt und Nickel bestehenden Gruppe enthalt. 6. Verfahren nach
Anspruch 4, bei dem die erste Eintrittsh~lfte des Rohrs mit einem
Katalysator gefUllt ist, der ein molares Verhiltnis von Molybdan zu Eisen
(Mo/Fe) von 1,6:1 bis 2,5:1 aufweist, und wobei die 45     zweite Halfte
des Rohrs mit einem Katalysator mit einem molaren Verhaltnis von Molybdan
zu Eisen (Mo/Fe) von 1,6:1 bis 4,5:1 gefUillt ist. 7. Verfahren nach
Anspruch 1, bei dem ein Oxid, das als wirksame Komponenten Eisen und
Molybdan enthalt, als Katalysator im Schritt ii) zum Herstellen von
Formaldehyd durch Oxidieren von Dimethox- 50     ymethan oder einer
Mischung derselben mit Methanol in einer Sauerstoff enthaltenden Gasphase
verwendet wird, und bei dem die Oxidationsreaktion des Dimethoxymethans
oder der Mischung derselben mit Methanol Uber dem Katalysator unter
Bedingungen ausgef~hrt wird, die der folgenden Beziehung genagen: 56
[Sauerstoffverbrauchsrate pro Gewichtseinheit des
Katalysatorsl4Sauerstoffpartialdruckl S 1,0 mol/he (g- Katalysator). (atm),
wobei die "Sauerstoffverbrauchsrate pro Gewichtseinheit des Katalysators"
die Anzahl von Holen von 19    EP 0 327 343 B1 Sauerstoff ist, die in einer
Stunde Reaktionszeit pro Gramm des Katalysators verbraucht werden, und der
"Sauerstoffpartialdruck" der Partialdruck des Sauerstoffs im Reaktionsgas
in Atmospharen ist. 8. Verfahren nach Anspruch 7, bei dem das Oxid femer
als wirksame Komponenten mindestens ein metallisches Element enthilt, das
aus der aus Alkalimetallen, Wismut, Chrom, Wolfram, Kobalt und Nickel
bestehenden Gruppe ausgewahit ist. 9. Verfahren nach Anspruch 1, bei dem
die Konzentration von Wasser in dem im Schritt iii) erzeugten Formaldehyd
enthaltenden Gas erh8ht wird, bevor es dem Absorptionsturm fOr
Gasformig/FIOssig- 10     Kontakt zugeflhrt wird. 10. Verfahren nach
Anspruch 9, bei dem der Wassergehalt des sich ergebenden Formaldehyd
enthalten- den Gases dadurch erhoht wird, daB das Gas in Kontakt mit der
aus dem Schritt iii) hervorgehenden wassrigen Formaldehyd-Losung gebracht
wird, wobei diese wassrige Formaldehyd-Losung erhitzt wird, 1s     bevor
sie unter der folgenden Bedingung mit dem Gas in Kontakt gebracht wird:
1,02M + 9STS1,02M  + 19, wobei M die Konzentration des Formaldehyds in der
wassrigen Formaldehyd-Losung in Gew.-% ist und 220    T die Temperatur der
L6sung in * C ist. Revendlcations 1. Procd4 pour produire du formalddhyde
ou l'un de ses ddriv~s a partir du m~thanol, qui comprend les 26     6tapes
consistant: i) a chauffer du methanol et du formald~hyde en solution
aqueuse en presence d'un catalyseur acide pour obtenir du m6thylal; ii) I
oxyder le mdthylal obtenu en prdsence d'un catalyseur d'oxydation pour
obtenir du formaldehy- de gazeux; 30       iii) a faire absorber le
formalddhyde gazeux r~sultant de la reaction d'oxydation par de l'eau ou
une solution aqueuse de formalddhyde pour obtenir une solution aqueuse de
formaldehyde; iv) ou bien a s6parer la solution aqueuse de formald~hyde
obtenue dans l'6tape iii) en un formald~hyde a basse teneur en eau et en un
formaldehyde & haute teneur en eau, et a r~cup~rer le 



formald6hyde a basse teneur en eau, ou bien a faire rdagir la solution
aqueuse de formald6hyde 35       pour former un derive du formalddhyde, a
sdparer ce ddrivd du formald6hyde n'ayant pas r~agi, a haute teneur en eau,
et a r~cuperer ce driv6 ; et v) a renvoyer a l'etape i), pour utilisation
ultdrieure en tant que constituant formalddhyde, le formald~hyde a haute
teneur en eau s~par4 dans l'6tape iv). 40  2. Proc~dd selon la
revendication 1, dans lequel le mdthylal est oxyd6 dans l'4tape ii) en
prdsence de m~thanol. . Proc~d6 selon la revendication 1, dans lequel
l'Ntape i) utilise une tour de distillation et au moins deux reacteurs
garnis dudit catalyseur acide, qui communiquent individuellement avec
l'Ntage central de la 45     tour de distillation, et dans lequel on fait
circuler dans chacun des rdacteurs une solution contenant du mdthanol, du
formalddhyde, de l'eau et le m6thylal obtenu, et dans lequel la vapeur se
trouvant dans la tour de distillation, qui subit un contact gaz-liquide
avec la solution aprbs avoir At4 soumise & un contact solide-liquide dans
le rdacteur qui communique avec la partie infdrieure de la tour de
distillation, est mise en contact, selon un autre contact gaz-liquide, avec
la mgme solution que celle qui 50     a subi le contact solide-liquide, par
circulation dans le rdacteur communiquant avec un 6tage plus MMev4 de la
tour de distillation, et dans lequel la concentration du mdthylal dans la
phase vapeur augmente progressivement au fur et & mesure que la vapeur
traverse les etages successifs du contact gaz- liquide. 55 4. Procede selon
la revendication 1, dans loquel le catalyseur utilise dans l'6tape ii) est
un oxyde contenant comme constituants actifs du fer et du molybdbne, ce
catalyseur a base d'un oxyde dtant place dans un tube, et on fait passer a
travers le lit de catalyseur, pour produire du formaldehyde, un gaz
contenant du mdthylal ou l'un de ses m6langes, ainsi que de l'oxygbne, et
dans loquel les 20    EP                                   EP   327 343 B1
concentrations du methylal, du methanol et de l'oxygbne introduits dans le
systbme rdactionnel satisfont aux conditions suivantes: 7.0 2 X + Z/2 2 2,0
5 et 10                 "04 ~~~r-3.-g-f.63   a X a- M'04 yr-s g  g ,4 1.0
bs        20              i m               m         m              mn oO
X et Z representent le pourcentage en volume respectivement du methylal et
du methanol gazeux introduits dans les reacteurs Y est le pourcentage en
volume de l'oxygbne introduit dans les reacteurs 15     et m et n satisfont
aux relations suivantes: X mz =- 20 z A = 25 et 0,5 2 n> 0, 1 > m 2 0,5 30
5. Procede solon la revendication 4, dans lequel le catalyseur a base d'un
oxyde contient en outre comme constituant actif au moins un 6lement
metallique choisi parmi l'ensemble comprenant les metaux alcalins, le
bismuth, le chrome, le tungstene, le cobalt et le nickel. 6. Procd6 saelon
la revendication 4, dans lequel la premibre moitie d'entree du tube est
gamie d'un 35     catalyseur ayant un rapport en moles molybdene-fer
(Mo/Fe) de 1,6/1 a 2,5/1, et dans loquel la deuxibme moitie du tube est
garnie d'un catalyseur ayant un rapport en modes molybd ne-fer (Mo/Fe) de
1,6/1 & 4,5/1. 7. Proced6 selon la revendication 1, dans loquel on utilise
en tant que catalyseur dans l'6tape ii) un oxyde 



40     contenant comme constituents actifs du fer et du molybdene, pour
produire du formalddhyde par oxydation du m~thylal ou d'un de ses mdlanges
avec du m6thanol dans une phase vapeur contenant de l'oxygbne, et dans
lequel la reaction d'oxydation du methylal ou d'un de ses melanges avec du
methanol sur le catalyseur est mise en oeuvre dons des conditions
satisfaisant a la r6action suivante: 45     [debit de consommation
d'oxygbne par unite de masse du catalyseur]/[pression partielle d'oxygbne)
S 1,0 mol/ h.(g de catalyseur)-(atmosphbre) oO le "debit de consommation
d'oxygene par unite de masse du catalyseur" eat le nombre de moles
d'oxygbne qui sont consommees en 1 heure de reaction par gramme de
catalyseur, et la 50     "pression partielle d'oxygene" est la pression
partielle, en atmospheres, de l'oxygene dans le gaz de reaction. 8. Procede
solon la revendication 7, dans lequel I oxyde comprend en outre en tant quo
constituants actifs au moins un element m6tallique choiai parmi I'ensemble
comprenant les metaux alcalins, le 55     bismuth, le chrome, le tungstene,
le cobalt et le nickel. 9. Procede solon la revendication 1, dans loquel la
concentration de l'eau dans Is gaz contenant du formaldehyde et obtenu dans
l'etape iii) est augmentee avant quo cette eau ne soit envoyee & la tour 21
d'absorption pour assurer le contact gaz-liquide. 10. Procedd selon la
revendication 9, dans lequel la teneur en eau du gaz obtenu, contenant du
formalddhyde, est augment~e par mise en contact de ce gaz avec la solution
aqueuse de formald~hy- . - 5   de sortant de 1'6tape iii), cette solution
aqueuse de formalddhyde 6tant chauffde avant d'8tre mise en K)
contact avec le gaz, dans les conditions suivantes: 1,02M + 9 S 1,02M + 19
10     oO M est la concentration, en % en poids, du formaldehyde dans la
solution aqueuse de formald~hyde, et T est la temp~rature de la solution en
* C. 15 25 30 35 40 45 50 55 22    


