
;e3e}}<:v26hTs|t  8 January 2003  CATALYST FOR OXIDIZING METHYLBENZENES AND
METHOD FOR PRODUCING AROMATIC ALDEHYDE TECHNICAL FIELD 5 The present
invention relates to a catalyst for use in the oxidation of methylbenzenes,
a process For producing aromatic aldehydes by use of said catalyst, and
further a process for producing cyclohexanedimethanol from the
phthalaldehyde so produced. More particularly, the present to invention
relates to a catalyst suited for the gas-phase oxidation of a methylbenzene
in the presence of molecular oxygen to give the corresponding aromatic
aldehyde in high yield, a process for oxidizing a methylbenzene in gaseous
phase in the presence of molecular oxygen by use of said catalyst to
produce 15 the corresponding aromatic aldehyde in high geld, and further a
process for hydrogenating the phthalaldehyde so produced to give
cyclohexanedimethanol. BACKGROUND ART 2o Aromatic aldehydes Have highly
reactive aldehyde groups and, among a11 aromatic compounds, are
particularly broad in the spectrum of applicability. Terephthalaldehyde
(TPAL) , in particular, which has two aldehyde groups m para-positions, is
a promising material to be exploited in the production of 25 pharmaceutical
products, agrochemicals, dyestuffs, liquid crystal polymers, electrically
conductive polymers, and heat resistant plastics, among other uses, and
there is a demand for development of an uncostly technology for the
production of TPAL. 3o The first attempt to produce terephthalaldehyde by
the gas-phase oxidation of p-xylene dates back to a Fairly Long time ago.
Japanese Kokoku Publication Sho-47-2086 discloses an oxide catalyst
composed of W and Mo in a ratio of 1: 1 to 20:1. Japanese Kokai PubW ca n
on Sho-98-9`l830 discloses a catalyst 35 comprising V and either Rb or Cs.
USP 3,845,137 discloses a    8 January 2003 2 catalyst composed of the two
elements of 4d and Mo plus at least one element selected from the group
consisting of Ca, Ba, `fi, Zr, Hf, Tl, tab, Zn and Sn. USP 4, 017, 547
discloses a catalyst composed of Mo oxide, either W oxide or silicotungstic
acid, 5 and Bi oxide. USP S,324,702 describes a special- catalyst
comprising Fe, Zn, V, Mo and W as supported by chemical vapor deposition
(CVD) on deboronized borosilicate crystal molecular sieves. However, these
catalysts are invariably unsatisfactory 10 in the production yield of the
objective product terephthalaldehyde and none have been exploited with
success on a commercial scale. Furthermore, the investigations of the
inventors proved that these catalysts lead to contain impurities causing
the 15 decrease in the yield of l, 4-cyclohexanedimethanol due to its 



low activity and its low selectivity for the objective compounds in
hydrogenation of the obtained terephthalaldehyde. Meanwhile,
cyclohexanedimethanol is an industrially useful compound as a starting
material for the production of 20 polyester series coatLngs, synthetic
fibers and synthetic resins, among other products. The hitherto-known
production technology for 1,4cyclohexanedimethanol includes (1) the process
starting m th a dialkyl terephthalate which comprises hydrogenating the 25
benzene ring of the dialkyl terephthalate ester and further hydrogenating
the resulting 1,4-cyclohexanedicarboxylate dialkyl ester, (2) the process
starting with terephthalic acid which comprises hydrogenating its benzene
ring in the same manner as above and further hydrogenating th a resulting
30 1,4-cyclohexanedicarboxylic acid, (3) the process which comprises
hydrogenating the benzene ring of xylylene glycol, and (4) the process
which comprises hydrogenating terephthalaldehyde. The most representative
of these processes is the process 35 (1) . However, the dialkyl
ter_ephthalate used as the starting   8 January 2003 3 material is
synthesized by oxidizing p-xylene and esterifying the resultirig
terephthalic acid with an alcohol and in order to obtain the objective
compound, the ester must be further subjected to two steps of
hydrogenation. Thus, this process 5 requires a multiple-reaction scheme. In
the process (2), where the starting material is terephthalic acid which can
be obtained by oxidizing p-xylene, no esterification reaction is required
but as pointed out in Japanese Kokai Publication Sho-52-242, the
hydrogenation to involves the use of a large amount of alcohol as the
solvent, thus causing the disadvantage of low productivity. Furthermore, in
these processes, high-temperature, high-pressure conditions are required
for the hydrogenation of the benzene ring and the carboxylic acid or its
ester and, hence, 15 the use of a special reaction equipment is essential.
In addition, the copper chromite catalyst used in the later-stage reaction
contains chromium which is poisonous so that a disposal problem is
inevitable. In these reactions, stoichiometrically 7 moles of 2o hydrogen
is required per mole of the substrate compound and, hence, a large amount
of hydrogen is consumed. Furthermore, since 2 moles of alcohol. is formed
as a byproduct m the process (I) and 2 moles of water in the process (2),
the amounts of starting materials required for unit production are also
large. 25 Therefore, these processes cannot necessarily be considered to be
satisfactory from economic points of view. Referring to said process ( 3) ,
Japanese Kokai Publication Hei-8-187432, for instance, discloses, in the
section of Example 7, a process for obtaining the objective compound 3o
cyclohexanedimethanol by hydrogenating the benzene ring of xylylene glycol
using a novel hydrogenation catalyst, i.e. the Raney ruthenium catalyst,
under mild conditions. In this process, however, the starting material
xylylene glycol is very expensive, and an inexpensive commercial 35
production technology remains to be established as yet.  



8 January 2003 4 Japanese Kokai Publication fief-11-33531l, recently laid
open for public inspection, discloses a process corresponding to said
process (4) , that is a one-step hydrogenation reaction process, which
comprises hydrogenating the aldehyde groups and 5 the benzene ring of
terephthalaldehyde concurrently using a catalyst comprising metals of the
group VIII of the long-form periodic table under defined relatively mild
conditions. This process requires hydrogenation of both the aldehyde groups
and the benzene ring but stoichi_ometrically only S moles 10 of hydrogen is
required per mole of the substrate and there is no by-production of alcohol
or water. In addition, the process does not require a catalyst containing a
poisonous component. However, in regard of this process, too, a commercial
production technology for the starting material 15 terephthalaldehyde has
not been established as yet and the above patent literature does not allude
to any specific procedure for producing terephthalaldehyde. SUMMARY OF TfiE
INVENTION 2o In view of the above state of the art, the present invention
has for its object to provide a novel catalyst by use of which
methylbenzenes can be oxidized in gaseous phase in the presence of
molecular oxygen to give the corresponding aromatic aldehydes in high
yields, a process for producing an aromatic 25 aldehyde from the
corresponding methylbenzene in a high yield by use of said catalyst, and a
process for producing cyclohexanedimethanol which comprises hydrogenating
phthalaldehyde among the aromatic aldehydes which can be obtained as above.
30 The inventors of the present invention made an intensive search for a
novel catalyst with which an aromatic aldehyde may be produced in High
yield by oxidizing the corresponding methylbenzene in gaseous phase in the
presence of molecular oxygen and found t=hat a catalyst having the
composition 35 described hereinafter or a catalyst comprising the catalyst
8 January 2003 5 active species as supported on a fire-resistant inorganic
carrier has excellent partial oxidizing activity and that by using this
catalyst, the object aromatic aldehyde can be produced in good yield. The
inventors further found that by 5 hydrogenating phthalaldehyde in
particular, among the aromatic aldehydeswhich canthusbeobtained,
cyclohexanedimethanolcan be produced with high efficiency. The present
invention has its base on the above findings. 10 DETAILED DESCRIPTION OF
THE INVENTION The term "methylbenzene" is used herein to mean any compound
having one or a plurality of methyl groups directly joined to the benzene
ring, and as representative examples of the methylbenzene, there can be
mentioned methylbenzenes each 15 containing 8 to LO carbon atoms such as
p-xylene, o-xylene, m-xylene, psudocumene, mesitylene, and durene. The
catalyst of the present invention catalyzes the gas-phase oxidation
reaction of methylbenzenes in the presence of molecular oxygen to give the
corresponding aldehydes. To 



20 be specific, there can be mentioned the production of terephthalaldehyde
and p-tolualdehyde from p-xylene; phthalaldehyde and o-tolualdehyde from
o-xylene; isophthalaldehyde and m-tolualdehyde from rn-xylene;
2-methylterephthalaldehyde, 2,4-dimethylbenzaldehyde, 25
2,5-dimethylbenzaldehyde, and 3,4-dimethylbenzaldehyde from pseudocumene;
3,5-dimethylbenzaldehyde, 5-rnethylisophthalaldehyde and
1,3,5-triformylbenzene from mesitylene; and 2,5-dimethylterephthalaldehyde,
4,5-dimethylphthalaldehyde, 2,q,5-trimeth ylbenzaldehyde, 30
2,4,5-triformyltoluene and l,2,4,5-tetraformylbenzene from durene; among
others. Particularly, the oxidation catalyst of the present invention finds
application, with particular advantage, in the production of
terephthalaldehyde from p-xylene. 35 The catalyst for oxidation of
methylbenzene of the   8 January 2003 6 present invention has a composition
of the following general formula (1): WaXbYcOx (1). In the general formula
(1), W represents a tungsten atom; 5 X represents at least one kind of
element selected from tile group consisting of P, Sb, Bi and Si; Y
represents at least one element selected from the group consisting of Fe,
Co, Ni, Mn, Re, Cr, V, Nb, Ti, Zr, Zn, Cd, Y, La, Ce, B, A1, T1, Sn, Mg,
Ca, Sr, Ba, Li, Na, K, Rb and Cs; O represents an oxygen atom. l0 Referring
further, to the above general formula ( 11 , the preferred element among
said P, Sb, Bi and Si for X is Sb and/or Bi, with Sb being particularly
preferred. Among Fe, Co, Ni, Mn, Re, Cr, V, Nb, Ti, Zr, Zn, Cd, Y, La, Ce,
B, A1, T1, Sn, Mg, Ca, Sr, Ba, Li, Na, K, Rb and Cs as mentioned for Y, Y
is i5 preferably at least one element selected from the group consisting of
Fe, Co, Ni, Mn, Zn, Cr, Cd, V, Nb, Ti, Zr, Ce, Sr and Cs, more preferably
at least one element selected from the group consisting of Fe, Ni, Co, Zn,
Cd and Mn. Further, in the general formula ( 1 ) , a, b, c and x 20
represent the numbers of atoms of W, X, Y and oxygen, respectively;
provided, however, that the proportions of a, b and c are such that when
a=12, b=0.5 to 10 and c=0 to 15 and x is a numerical value determined by
the oxidized states of the elements other than oxygen. 25 The proportions
of a, b and c are preferably such that when a=12, b=1 to 6 and c=0 to 8 and
x is a numerical value determined by the oxidized states of the elements
other than oxygen. The case of a=12 is taken Here for merely illustrating
the proportions of a, b and c, and when the value of a assumes 30 a
different number, the Values of b and c are changed accordingly. The
oxidation catalyst of general formula (1) according to the present
invention may be used as supported on a fire-resistant inorganic carrier
for enhanced actLVity and 35 improved physical endurance. The above
fire-resistant   8 January 2003 7 inorganic carrier includes the
fire-resistant inorganic carriers in common use for the preparation of
catalysts of this type. As typical examples, alumina, e.g. a-alumna,
silica, titanic, zirconia, silicon carbide, etc. can be mentioned. 5
Particularly, low-specific-surface-area ~-alumina and silicone carbide each
having a specific surface area of not more than 1 m2/g, preferably not more
than 0.1 mz/g, are preferred because the risk for side reactions is low and
the object compound can be obtained in high yield. The amount of the 



10 catalyst active species to be supported is usually 5 to 90 masso based
on the fire-resistant inorganic carrier. The method of preparing the
oxl_dation catalyst of the present invention is not particularly restricted
but the objer_tive catalyst can be prepared by the technology which is 15
used generally in the production of catalysts of this type. A typical
method comprises adding an aqueous solution of antimony tartrate or a
powder of antimony trioxide, as well as an aqueous solution of iron
nitrate, to an aqueous solution of ammonium metatungstate to prepare a
homogeneous solution or suspension, 2o immersing a molded carrier in said
solution or suspension, evaporating the water off to dryness, subjecting
the residue to drying at 80 to 230 C and calcining at 300 to 700 C. In the
case of not using the carrier, said solution or suspension is subjected to
directly heating with stirring, followed by 25 drying at the above
temperature, pulverizing, molding and calcining at the above temperature.
The atmosphere in which the above drying and calcining is carried out is
not particularly restricted. Thus, these operations can be carried out in
any of an oxygen-rich or oxygen-lean atmosphere, 3o a reducing atmosphere,
or an inert gas atmosphere such as nitrogen, helium or argon gas, or even
i~r vac4ro. A suitable kind of atmosphere can be judiciously selected
according to characteristics of the raw materials used in the preparation
of the catalyst. Compared with calcining in the atmospheric 35 air,
calcining in an oxygen-lean atmosphere tends to result in   8 January 2003
s a decrease in catalyst actorty but, in certain cases, leads to
improvements in selectivity and yield. When solLd powdery oxide materials
are used, calcining in an inert gas atmosphere is particularly preferred.
The raw materials for use in the 5 preparation of the catalyst are not
particularly restricted but there can be used the nitrate, sulfate, oxide,
hydroxide, chloride, carbonate, organic acid salt, oxygen acid, oxygen acid
ammonium salt, heteropolyacid, etc. of the element to be used can be
employed. io The shape of the fire-resistant inorganic carrier for use in
the preparation of the supported catalyst is not particularly restricted,
either. For example, not only molded products but also oxide or hydroxide
powders, gels, sols, and so on can be selectively used according to the
conditions of use of the 15 catalyst. The shape of the catalyst is not
particularly restricted, either, but spheres, pellets, rings, a honeycomb,
etc. can be selectively used. Referring to the above technology for
producing aromatic aldehydes which comprises oxidizing the corresponding 2o
methylbenzenes in gaseous phase in the presence of molecular oxygen, the
process for producing an aromatic aldehyde by use of the catalyst for
oxidation of methylbenzene described above is also one aspect of the
present invention and an aromatic aldehyde can be produced from the
corresponding methylbenzene 25 in high yield by this process. The present
invention is also related to a process for producing an aromatic aldehyde
comprising oxidizing the corresponding methylbenzene in gaseous phase in
the presence of molecular oxygen, that is to say a process for producing
the 3o aromatic aldehyde by use of said catalyst for oxidation of
methylbenzene. The methylbenzene as a starting material in the above
process for producing an aromatic aldehyde is not particularly restricted
but is preferably a methylbenzene containing 8 to 35 10 carbon atoms, for
instance.   8 January 2003 



9 The above methylbenzene containing 8 to 10 carbon atoms includes the same
compounds as mentioned hereinbefore. Among them, the process for producing
an aromatic aldehyde according to this aspect of the invention is
particularly suitable for 5 the production of terephthalaldehyde by
gas-phase oxidation of p-xylene. In conducting the gas-phase oxidation
reaction in accordance with this invention, a diluent gas can be used in
addition to said methylbenzene and molecular oxygen. As the io source of
molecular oxygen, air or pure oxygen is employed. The molecular oxygen is
generally used in a proportion of 5 to 100 moles per mole of the
methylbenzene. The preferred diluent gas is an inert gas, such as nitrogen,
helium, carbon dioxide and the lifce, or water vapor. 15 The reaction
conditions for the gas-phase oxidation of the present invention are not
particularly restricted but it is sufficient to bring the above material
gas into contact with catalyst for oxidation of the invention, for example
at a space velocity of l000 to 100000 hr-` and a reaction temperature of 20
3S0 to 650 C. The preferred space velocity is 200U to 5U000 hr-` and the
preferred reaction temperature is 450 to 600 C. The above reaction is
usually carried out at atmospheric pressure or slightly elevated pressure,
although it may be carried out at a high pressure or under reduced
pressure. The 25 reaction system is not particularly restricted, either,
but may be a fixed bed system, a moving-bed system or a fluidized-bed
system. It may also be a one-pass system or a recycling system. The process
for producing cyclohexanedimethanol which comprises hydrogenating the
phthalaldehyde obtained by the 30 above-described process for producing an
aromatic aldehyde using xylene as the starting material methylbenzene also
constitutes an aspect of the present invention, and by using thisprocess,
cyclohexanedimethanolcan beproducedfrom xylene at low cost on a commercial
scale. 35 The process for producing 1,4-cyclohexanedirnethanol   8 January
2003 io which comprises hydrogenating the terephthalaldehyde obtained by
the above-described process for producing an aromatic aldehyde also
constitutes a further aspect of the present invention, and by using this
process, 1,4 5 cyclohexanedimethanol can be produced from p-xylene at low
cost on a commercial scale. Intheabove processforproducing
cyclohexanedimethanol, the hydrogenation of phthalaldehyde can be carried
out by any known technique. Eor example, there can be mentioned the to
standard method comprising causing the substrate to react with hydrogen in
the presence of a reducing catalyst such as (I) a supported noble metal
catalyst prepared by supporting a noble metal {platinum group) , such as
palladium, platinum, ruthenium, rhodium and iridium, on a carrier such as
activated carbon, 15 alumina, diatomaceous earth or the like; (II) a noble
metal oxide such as palladium oxide, platinum oxide, ruthenium oxide,
rhodium oxide, iridium oxide and the like; (III) a noble metal such as
palladium black, platinum black, ruthenium black, rhodium black and the
like; {IV) a Raney catalyst such as Raney 2o nickel, Raney cobalt, Raney
ruthenium and the like; or {V) a supported base metal catalyst prepared by
supporting a base metal on a carrier. In accordance with the present m
vention, phthalaldehyde of h~_gh purity is obtained in the first oxidation
stage and this 25 product may be used as it is without further
purification. Of course, it may be purified, if desired. The reaction
temperature, hydrogen partial pressure and other conditions can be
judiciously selected according to the kind and amount of reducing catalyst
used, among other 



30 parameters, and are not particularly restricted. Generally speaking, the
reaction temperature may range from room temperature to 250 C, preferably
50 to 200 C. If the reaction temperature deviates from the above range, the
reaction tends to be remarkably retarded or side reactions such as a
functional 35 group-leaving reaction may take place to drastically reduce
the   8 January 2003 m selectivity of the reaction. The hydrogen partial
pressure is preferably not less than 1 MPa. When it is less than 1 MPa, the
xylylene glycol, formed on reduction of only the aldehyde groups not
reacted in the 5 system, tends to remain in a large proportion. The
hydrogenation may be carried out using a suspension of phthalaldehyde in an
inert medium but is preferably carried out using a solution thereof in a
suitable solvent such as an alcohol and ether. The mode of hydrogenation
may be batchwise, to semi-batchwise or continuous. The catalyst for
oxidation of methylbenzene according to the present invention has excellent
partial oxidation activity and enables the production of aromatic aldehydes
from the 15 corresponding methylbenzenes in high yield. Furthermore, by the
process for producing cyclohexanedimethanol in accordance with the present
invention, cyclohexanedimethanol which is of great value as a starting
materialforpolyestercoatings, syntheticfibersandsynthetic 2o resins can be
produced from xylene, which is a readily available and inexpensive
material, at low cost on a coczunercial scale. BEST MODE FOR CARRYING OUT
THE INVENTIOM The following examples are further illustrative of the 25
present invention. The conversion rate, selectivity and one-pass yield of
the reaction, taking byproducts into account, are defined as follows.
Conversion rate (mole o) _ (the number of moles of the reacted starting
compound/the number of moles of the fed starting 3o compound) x 100
Selectivity (mole s) - (the number of moles of each product compound/the
number of moles of the reacted starting compound) (the number of carbon
atoms of each product compound/the number of carbon atoms of the fed
starting compound) x 100 35 One-pass yield (mole s) - (the number of moles
of each product   8 January 2003 12 compound/the number of moles of the fed
starting compound) (the number of carbon atoms of each product compound/the
number of carbon atoms of the fed starting compound) X l00 5 Example 1 



As the source of antimony, an aqueous solution of antimony tartrate was
first prepared. In 310 ml of water was dissolved 1S0.0 g of L-tartaric acid
followed by the addition of 36.5 g of antimony trioxide (purity 99.90)
powder, and the mixture was 10 refluxed for dissolution. To the solution
was added a small amount of water to make a total of 500 g, whereby an
aqueous solution of antimony tartrate with an Sb concentration of 0.5
mmol/g was obtained. On the other hand, as the Ee source, an aqueous
solution of iron nitrate was prepared. Thus, 40.4 g 15 of iron nitrate
9H20 was dissolved in water to make 100 g, whereby an aqueous solution of
iron nitrate with an Ee concentration of 1 mmol/g was obtained. To 6.00 g
of the above aqueous solution of antimony tartrate was added 2.00 g of this
aqueous solution of iron nitrate, followed by addition of 5.56 20 g of
ammonium metatungstate aq. sol. (50 masso W03) to give a homogeneous
impregnating liquor. To 20 g of the a-alumina support SA5218 (Norton,
3/8-inch sphere) , preheated to 100 C, was added the above impregnating
liquor and the mixture was heated with stirring on a water bath for
evaporation to dryness. 25 The residue was dried at 120 C for 16 hours, and
calcined in the atmospheric air at 6S0 C for 2 hours. The free particles
were dusted off to give a finished catalyst (the same applies to the
following examples) which had a composition of 14.3 masso
W12Sb3Ee20x/SA5218. The conventional flow reaction tube was 30 packed with
20 g of the above catalyst and the reaction was conducted under the
following conditions. The results are shown in Table 1. Reaction pressure:
atmospheric 35 Reactant gas composition: p-xylene/air = 0.8/99.2
(p-xylene/OZ   8 January 2003 13 - 1/25.8) Reactant gas feed rate: l.25 L
(volume of gas at 0C, 1.013 X 10-` MPa; normal state)/min. SV: 5680 hr-` 5
Reaction temperature: 550 C In the following examples, the reactions were
carried out under the same reaction condition as far as not giving the
limitation. It should be understood that SV may have varied to slightly
owing to the difference in the packed specific gravity of the catalyst (the
same applies to the following examples). The temperatures and results of
the reactions are shown in Table 1. 15 Example 2 Except that the amount of
the aqueous solution of antimony tartrate was adjusted to 8.00 g, the
procedure of Example 1 was otherwise repeated to prepare a catalyst. The
composition of this catalyst was 14.6 masss W`zSbtFe20x/SA5218. 20 Example
3 Except that the amount of the aqueous solution of antimony tartrate was
adjusted to 4.00 g, the procedure of Example 1 was otherwise repeated to
prepare a catalyst. The composition of 25 this catalyst was l3.6 masss
WIZSbZFeZOx/SA5218. Example 9 



Except that the amount of the aqueous solution of iron nitrate was adjusted
to 3.00 g, the procedure of Example 1 was 3o repeated to prepare a
catalyst. The composition of this catalyst was l9.6 masso
W~2Sb,Fe,Ox/SA5218. Example 5 Except that the amount of antimony tartrate
was changed 35 to 2.00 g and the amount of the aqueous solution of iron
nitrate   8 January 2003 14 to 1.00 g, the procedure of Example 1 was
faithfully followed to prepare a catalyst. The composition of this catalyst
was 12.9 masss W,ZSb,FelOx/SA5218. 5 Example 6 As the source of Zr, an
aqueous solution of zirconyl nitrate was prepared. Thus, 13.50 g of
zirconyl nitrate~2H20 was dissolved in water to make 100 g, whereby an
aqueous solution of zirconyl nitrate with a Zr concentration of 0.5 mmol/g
was io obtained. Using an impregnating liquor prepared by adding 1.0 g of
this aqueous solution of zirconyl nitrate to the impregnating liquor used
in Example 1, the procedure of Example 1 was otherwise repeated to prepare
a catalyst. The composition of this catalyst was 19 . 9 mass o
4JlzSb,Fe2Zro_SOx/SA5218. 15 Example 7 As the source of Cs, an aqueous
solution of cesium nitrate was prepared. Thus, 9.75 g of cesium nitrate was
dissolved in water to make 50 g, whereby an aqueous solution with a Cs 2o
concentration of 1 mmol/g was obtained. Using an impregnating liquor
prepared by adding 0.5 g of the above aqueous solution of cesium nitrate to
the impregnating 7_iquor used in Example 1, the procedure of Example 1 was
otherwise repeated to prepare a catalyst. The composition of this catalyst
was 19.9 masso 25 Wl2Sb,FeZCso_SOx/SA5218. Example 8 As the source of Nb,
an aqueous solution of niobium oxalate was prepared. Thus, 12.97 g of
niobium oxalate (20.50 30 as Nb205) was dissolved in water to make 100 g,
whereby an aqueous solution of niobium oxalate with a Nb concentration of
0.1 mmol/g was obtained. Using an impregnating liquor prepared by adding
5.0 g of the above aqueous solution to the impregnating liquor used in
Example 1, the procedure of Example 1 was 35 otherwise repeated to prepare
a catalyst. The composition of   8 January 2003 15 



this catalyst was 14 . 9 mass o W~zSb3Fezt~bo SOx/SA5218 . Example 9 As the
source of Bi, an aqueous solution of bismuth 5 nitrate was prepared. Thus,
24.26 g of_ bismuth nitrate was dissolved in a solution prepared by
diluting 20 g of 60 % nitric acid with SO g of water and made up with water
to 100 g, whereby an aqueous solution of bismuth nitrate with a Bi
concentration of 0. S mmol/g was obtained. First, using 6.0 g of this
bismuth l0 nitrate solution alone as the impregnating liquor, the
impregnation and evaporation procedure was carried out as in Example 1.
Then, a further impregnation was carried out using a solution prepared by
the aqueous solution of ammonium metatungstate and aqueous solution of iron
nitrate as used in 15 Example 1 (the amounts used are also the same as in
Example 1) , followed by the same drying and calcining operations as in
Example 1. The composition of the catalyst thus obtained was 14 . 9 mass %
WlzBi,FezOx/SA521 Q . 2o Example 10 Using a solution prepared by dissolving
3.42 g of phosphotungstic acid H,(PWIZO,o) -nHZO in 5 ml of water as an
impregnating liquor, a catalyst was prepared as in Example 1. The
composition of this catalyst was l2.8 mass% WIZP~~x/SA5218. 25 Example 11
Using an impregnating liquor prepared by dissolving 2.84 g of
silicotungstic acid (Si02-WIZO,~ 26Hz0) in 5 ml of water, a catalyst was
prepared as in Example 1. The composition of this 30 catalyst was 12.1
mass% W~zSi,Ox/SA5218. Example 12 As the source of K, an aqueous solution
of potassium nitrate was prepared. Thus, S.06 g of potassium nitrate was 35
dissolved in water to make SO g, whereby an aqueous solution   8 January
2003 16 of potassium nitrate with a K concentration of 1 rrunol/g was
obtained. Using an impregnating 7_iquor prepared by adding 0.5 g of this
aqueous solution of potassium nitrate to the impregnating liquor used in
Example 8, a catalyst was prepared 5 in otherwise the same manner as in
Example 1. The composition of this catalys t was 14 . S mass o
WlzSb,EeZNbo.SKo.s~x/SA5218 . Example 13 As the source of Co, an aqueous
solution of cobalt nitrate l0 was prepared. Thus, 1Q.64 g of cobalt
nitrate~6Hz0 was dissolved in water to make 50 g, whereby an aqueous
solution of cobalt nitrate with a Co concentration of 1 mmol/g was
obtained. Using 3.00 g of this aqueous solution of cobalt nitrate in lieu
of the aqueous solution of iron nitrate, 15 increasing the amount of the
aqueous solution of antimony tartrate to 9. 00 g and the amount of the
ammonium metatungstate aq. sol. to 8.39 g, and adjusting the calcining
temperature to 600 C, a catalyst was prepared in otherwise the same manner
as Example 1. The composition of the catalyst thus obtained 20 was 17 . 1
mass o W~zSb;CoZOx/SA5218 . 



Example 14 Except that the amount of the aqueous solution of cobalt nitrate
was increased to 9.00 g, the procedure of Example 13 25 was repeated to
prepare a catalyst. The composition of this catalyst was l6.7 masso
WlzSb,Co60x/SA5218. Example 15 As the source of Ni, an aqueous solution of
nickel nitrate 30 was prepared. Thus, 14.55 g of nickel nitrate~6HZ0 was
dissolved in water to make 50 g, whereby an aqueous solution of nickel
nitrate with a Ni concentration of 1 mmol/g was obtained. Using 9.00 g of
this aqueous solution of nickel nitrate in lieu of the aqueous solution of
cobalt nitrate, a 35 catalyst was prepared in otherwise the same manner as
in Example   8 January 2003 m 13. The composition of this catalyst was l5.4
masso W,ZSb;t~Ii_60x/SA5218 . Example 16 5 As the source of Zn, an aqueous
solution of zinc nitrate was prepared. Thus, 14 . 89 g of zinc nitrate ~
6HZ0 was dissolved in water to make 50 g, whereby an aqueous solution of
zinc nitrate with a Zn concentration of 1 mmol/g was obtained. Using 9.00 g
of this aqueous solution of zinc nitrate in lieu of the aqueous to solution
of cobalt nitrate, a catalyst was prepared in otherwise the same manner as
in Example 13. The composition of this catalyst was l6.3 masss
WlZSb3Zn60x/SA5218. Example 17 15 As the source of Cd, an aqueous solution
of cadmium nitrate was prepared. Thus, 15.44 g of cadmium nitrate~4H20 was
dissolved in water to make 50 g, whereby an aqueous solution of c nitrate
with a Cd concentration of 1 mmol/g was obtained. Using 9.00 g of this
aqueous solution of cadmium nitrate in lieu 20 of the aqueous solution of
cobalt nitrate, a catalyst was prepared in otherwise the same manner as in
Example 13. The composition of this catalyst was 15.8 massy
w~zSb,cdsox/SA5218. Example 18 25 Rs the source of Mn, an aqueous solution
of manganese nitrate was prepared. Thus, 14 . 37 g of manganese nitrate
6H20 was dissolved in water to make 50 g, whereby an aqueous solution of
manganese nitrate with a Mn concentration of 1 mmol/g was obtained. Using
9.00 g of this aqueous solution of manganese 3o nitrate in lieu of the
aqueous solution of cobalt nitrate, a catalyst was prepared in otherw~.se
the same manner as in Example 13. The composition of this catalyst was l2.7
masso WIZSb,Mn60x/SA5218 . 35 Example 19   8 January 2003 



le As the source of Ca, an aqueous solutlOll Of calcium nitrate was
prepared. Thus, 14.37 g of calcium nitrate~4H20 was dissolved in water to
make 50 g, whereby an aqueous solution of calcium nitrate with a Ca
concentration of 1 mmol/g was 5 obtained. Using 3.00 g of this aqueous
solution of calcium nitrate in lieu of the aqueous solution of cobalt
nitrate, a catalyst was prepared in otherwise the same manner as in Example
13. The composition of this catalyst was 14.6 masss WrzSb,CazOx/SA5218 . io
Example 20 As the source of Sr, an aqueous solution of strontium nitrate
was prepared. Thus, 10.69 g of strontium nitrate was dissolved in water to
make 50 g, whereby an aqueous solution 15 of strontium nitrate with a Sr
concentration of 1 mmol/g was obtained. Using 3.00 g of this aqueous
solution of strontium nitrate in lieu of the aqueous solution of cobalt
nitrate, a catalyst was prepared in otherwise the same manner as in Example
13. The composition of this catalyst was 14.3 masso 2o W~zSb,SrZOx/SA5218.
Example 21 As the source oL La, an aqueous solution of lanthanum nitrate
was prepared. Thus, 21 . 67 g of lanthanum nitrate 6H20 25 was dissolved in
water to make l00 g, whereby an aqueous solution of lanthanum nitrate with
a La concentration of 0.5 nunol/g was obtained. Using 6.00 g of this
aqueous solution of lanthanum nitrate in lieu of the aqueous solution of
cobalt nitrate, a catalyst was prepared in otherwise the same manner as in
Example 3o 13. The composition of this catalyst was 15.5 masso
Wl2Sb,La20x/SA5218. Example 22 As the source of Cr, an aqueous solution of
chromium 35 nitrate was prepared. Thus, 20.03 g of chromium mtrate~9Hz0   8
January 2003 19 was dissolved in water to make 50 g, whereby an aqueous
solution of chromium nitrate with a Cr concentration of 1 mmol/g was
obtained. Except that 0.4S g of this aqueous solution of chromium nitrate
was added to the impregnating liquor used in 5 Example 16, a catalyst was
prepared in otherwise the same manner as in Example 16. The composition of
this catalyst was l6.9 mass o WlzSb32n6Cro ,Ox/SA5218 . Example 23 10
Except that the reactant gas feeding rate was adjusted to l.95 L (normal
state)/min and the reaction temperature to 570 C, the reaction was
conducted using the same catalyst as used in Example 22 under the same
conditions as in Example 1. The results are shown in Table 1. 15 Example 24



As the source of V, an aqueous solution of ammonium metavanadate was
prepared. Thus, 5.9l g of ammonium metavanadate was dissolved in water to
make SO g, whereby an 20 aqueous solution of ammonium metavanadate with a V
concentration of 1 mmol/g was obtained. Except that 0.15 g of this aqueous
solution was added to the impregnating liquor used in Example 16, the
procedure of Example 16 was otherwise repeated to prepare a catalyst. The
composition of this 25 catalyst was 17 . 2 mass o W~zSb,Zn~Vo lOx/SA5218 .
Example 25 Except that, 0.44 g of an aqueous solution of titanium
tetrachloride (containing 16.0 to 17.0 0 of Ti) was added to 3o the
impregnating liquor used in Example 16, a catalyst was prepared in
otherwise the same manner as in Example 16. The composition of this
catalyst was 16.8 mass% W~zSb3Zn6TilOx/SA5218 . 35 Example 26   8 January
2003 20 Except that 20 g of a calcined silicon carbide carrier (5 mm
sphere) was used in lieu of the carrier SA5218, the procedure of Example 1
was repeated to prepare a catalyst. The composition of this catalyst was
13.6 masso W,zSb3EezOx/SiC. 5 Example 27 Except that the amount of the
aqueous solution of antimony tartrate was altered to 12.00 g, that of the
aqueous solution of iron nitrate to 4.00 g and that of the aqueous solution
of l0 ammonium metatungstate to 11 .12 g and conducting the calcining
operation in streams of to oxygen gas (the balance nitrogen), the procedure
of Example 1 was otherwise repeated to prepare a catalyst. The composition
of this catalyst was 18.0 masso W~zSb~EezOx/SA5218 . i5 Example 28 Using a
suspension obtained by using 1.166 g of antimony trioxide powder (purity
99.9990) in lieu of the aqueous solution of antimony tartrate as an
impregnating liquor and nitrogen gas 20 as the calcining atmosphere, the
procedure of Example 27 was otherwise repeated to prepare a catalyst. The
composition of this catalyst was 25.0 masso W,zSb,EezOx/SA5218. Example 29
25 Except that 9.00 g of an aqueous solution of bismuth nitrate with a Bi.
concentration of 0.5 mmol/g was added to the impregnating liquor used in
Example 28, the procedure of Example 28 was otherwise repeated to prepare a
catalyst. The composition of this catalyst was 23.0 masso 30
WlzSbq8ilEezOx/SA5218. Example 30 



As the source of Ce, an aqueous solution of cerium nitrate was prepared.
Thus, 2l.73 g of cerium nitrate~6H20 was 35 dissolved in water to make 100
g, whereby an aqueous solution   8 January 2003 2i of cerium nitrate with a
Ce concentration of 0.5 aunol/g was obtained. Except that 2.00 g of an
aqueous solution of cerium nitrate was added to the impregnating liquor
used in Example 28, the procedure of Example 28 was otherwise repeated to 5
prepare a catalyst. The composition of this catalyst was 25.9 mass o W~ZSb4
FezCeo ;Ox/SA5218 . Example 31 Except that the use of the aqueous solution
of iron to nitrate was omitted, the procedure of Example 1 was otherwise
repeated to prepare a catalyst. The composition of this catalyst was 13.8
masso W,zSb,Ox/SA5218. Comparative Example 1 15 Using an impregnating
liquor prepared by diluting 5.56 g of the aqueous solution of ammonium
metatungstate alone with 8 ml of water, the procedure o f Example 1 was
otherwise repeated to prepare a catalyst. The composition of this catalyst
was 12.0 masso WOx/SA5218.   8 January 2003 22 Table 1 Reaction temp. (
C)p-Xylene conver- sion (o)Selectivity (o)One-pass yield 



(o)TPALPTALTPALPTAL1550
_90.962.68.359.67.525S088.461.07.253.96.4352592.548.26.694.66.1450089.046.4
6.54l.35.8555089.048.26.042.95.3654S93.463.65.659.45.2755060.968.39.241.65.
6BS2594.1S9.66.0S6.15.6950096.839.73.638.43.510S5050.852.713.226.86.7115257
9.822.26.116.6i.212S5090.763.56.757.46.11355089.5S5.36.749.56.0v 14 5B0
92.8 66.6 5.9 61.8 5.51557094.856.14.753.24.5b 16 580 49.6 73.6 8.5 36.5
4.2x1758093.661.44.057.53.71858074.269.78.351.76.21958060.860.17.336.54.420
58077.763.25.249.24.02158056.557.34.832.42.72255091.564.16.058.75.42357094.
06S.89.96l.94.62457093.061.75.457.45.02558091.758.94.153.53.72650085.SS2.21
1.244.69.6275S088.171.33.962.83.22858089.168.13.460.63.0295S096.262.79.060.
33.83057092.265.83.760.73.43155049.363.97.828.33.5Compar. Ex
.1550l5.551.014.17.92.2 TPAL :terephthalaldehyde, PTAL: p-tolualdehyde
Example 32 5 Without use of a carrier, the same solution as used for
impregnation in Example 1 was directly concentrated to dryness   8 January
2003 23 on a water bath by heating with stirring on a water bath and dried
at 120 C for 16 hours. The residue was pulverized and compression-molded
into pellets (5 mm in diameter X 5 mm long) and the pellets were calcined
in the atmospheric air at 6S0 C 



5 for 2 hours. The composition of the catalyst thus obtained was
WlzSb,EezOx. Using 10 g of this catalyst, a reactant gas feeding rate of 6.
00 L (normal state) /min (SV 42600 hr-1) and a reaction temperature of 510
C, the reaction was carried out under otherwise the same conditions as in
Example 1. The results l0 were: p-xylene conversion 93.10; selectivity for
terephthalaldehyde 57.7%, selectivityforp-tolualdehyde 5.9%, one-pass yield
of terephthalaldehyde 53.7%; one-pass yield of p-tolualdehyde 5.0%. 15
Example 33 The exit gas during the 8 to 10 hour after the start of reaction
in Example 1 was trapped in cold methanol . The trapped gas was
concentrated in an evaporator to give 75 g of a methanolic solution. This
solution contained 4.06 g terephthalaldehyde 2o and 0.44 g of
p-tolualdehyde. An autoclave was charged with the above solution and 1 g of
ruthenium-on-carbon (ruthenium content S mass %) and hermetically closed.
After nitrogen purging, the autoclave was filled with hydrogen gas up to an
internal pressure of 5 25 MPa and then heated at 80 C. The reaction was
conducted under stirring until no more hydrogen was adsorbed (unti.l the
internal pressure ceased to drop). After completion of the reaction, the
contents were withdrawn, filtered and analyzed by gas chromatography. The
30 results indicated that the above reaction mixture contained 3.B5 g of
1,4-cyclohexanedimethanol and the conversion of terephthalaldehyde was
100o. Therefore, the yield of the 1,4cyclohexanedimethanolwas89mole %based
onterephthalaldehyde. Production of 4% p-xylylene glycol was noted. 35   8
January 2003 24 Example 34 The exit gas during the 8 to 10 hour after the
start of reaction in Example 6 was trapped in cold methanol and
concentrated in an evaporator to give 75 g of a methanolic 5 solution. This
solution contained 4.2S g of terephthalaldeh yde and 0.32 g of
p-tolualdehyde. An autoclave was charged with the above solution and 1 g of
Raney nickel (nickel content 9395 mass s, aluminum content 5 to 7 mass s)
and hermetically closed. After nitrogen purging, 10 the autoclave was
filled with hydrogen gas up to an internal pressure of 4 MPa and heated at
60 C. The reaction was carried out under stirring until the absorption of
hydrogen gas had ceased (until the internal pressure had ceased to drop).
After completion of the reaction, the contents were 15 withdrawn, filtered,
and analyzed by gas chromatography. The results indicated that this
reaction mixture contained 3.97 g of 1,4-cyclohexanedimethanol and the
conversion of terephthalaldehyde was 1000. Therefore, the yield of the 1,
4cyclohexanedimethanol was 87 mole o based on terephthalaldehyde. 2o
Production of 5s p-xylylene glycol was noted. Comparative Example 2 The
exit gas m Comparative Example 1 was trapped m the same manner as in
Example 1 and prepared into 75 g of a methanolic 25 solution. This solution
contained 0.S6 g of terephthalaldehyde and 0.14 g of p-tolualdehyde. The
hydrogenation reaction was carried out under the same conditions as in
Example 1. As a result, the yield of 1,4cyclohexanedimethanol was 56o based
on the terephthalaldehyde 3o charge. 



8 January 2003 2S C LAIMS 1. A process for producLng an aromlt~c aldehyde
comprising gas-phase oxidation of the corresponding 5 methylbenzene in the
presence of molecular oxygen, where in the catalyst for oxidation of
methylbenzene has a compositLOn of the following general Formula (1):
WaXbYcOx (1) Wherein W represents a tungsten atom; X represents at least 10
one kind of element selected from the group consisting of P, Sb, Bi and Si;
Y represents at least one element selected from the group consisting of Ee,
Co, Ni, Mn, Re, Cr, V, Nb, 'Pi, Zr, Zn, Cd, Y, La, Ce B, Al, Tl, Sn, Mg,
Ca, Sr, Ba, Li, Na, K, Rb and Cs; O represents an oxygen atom; a, b, c and
x represent 15 the numbers of atoms of W, X, Y and O, respectively;
provided, however, the proportions of a, b and c are such that when a=12,
b=0.5 to 10 and c=0 to 15; X represents a numerical value determined by the
oxidized states of the elements other that oxygen. 20 2. The process for
producLng an aromatic aLdehyde according to claim 1 where in the catalyst
for oxidation of methylbenzene ~s supported on a fire-resistant inorganic
carrier. 25 3. The process For producing an aromatic aldehyde according to
Claim 2 wherein said Eire-resLStant Lnorganic carrier is aalumina or
silicon carbide. 30   8 January 2003 26 4. The process for producing an
aromatic aldehyde according to Claim 1 where in said methylbenzene contains
8 to 10 carbon atoms. 5 



5. The process for producing an aromatic aldehyde according to Claim 4
which comprises oxidizing p-xyl_ene as said methylbenzene in the gaseous
phase to give the 10 corresponding tereph thalaldehyde. 6. A process for
producing cyclohexanedimethanol which comprises hydrogenating a
phthalaldehyde obtained by the process for producing an aromatLC aldehyde
according to 15 Claim 4 using xylene as the methylbenzene. 7. A process for
producing 1, 4-cyclohexanedimethanol which comprises hydrogenating a
t_erephthalaldehyde obtained by the process for produca_ng an aromatic 20
aldehyde according to Claim 5.
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