16 SEPTEMBER 2005 1 CATALYST FOR PREPARATI ON OF UNSATURATED ALDEHYDE AND
UNSATURATED CARBOXYLI C ACI D Technical field to which the i16SEPTIEMBERR200%)S
This invention relates to catalyst for preparation of unsaturated al dehyde
and unsaturated carboxylic acid. Mre .particularly, the invention rel ates
to a catalyst which is suitable for use in production of nethacrolein and
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usel ess, é g%y break when they are charged in reaction tubes and
scatteri ngsaiﬂcﬁﬁ gy re | oss anong the reaction tubes increases. As a nethod
for inproving strength of catalysts, it is known to add a fibrous
material. For exanple, JP 51(1976)-20357 B 16 SEPTEMBER 2005 2 relating to
vanadi um gefio8:8de catal yst, copper-chromic acid catal yst,
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unsaturated aldehyde and unsaturated carboxylic acid.

It is already known that the yield improves when the
catalyst shape is changed from pellets to rings. For example, JP 59
(1984)-46132 A (=US 4,511,671 A, EP 102,641 A1) has disclosed, as
merits of adopting a specific ring form: (1) conversion improves due to
increase in geometrical surface area, (2) yield improves because the
reduced catalyst wall thickness enhances heat-removing effect, (3)
pressure loss decreases, and @) catalyst life is extended due to
decrease in thermal load. For still increasing these effects, thinning
the ringthickness is preferred. Reduction in the thickness, however,
invites decrease in mechanical strength and causes such problems as,
for example, when finished ring-formed catalyst is kept in a drum
can, the catalyst at the bottom of the can break and become useless,
or they may break when they are charged in reaction tubes and
scattering in pressure loss among the reaction tubes increases.

As a method for improving strength of catalysts,' it is
known to add a fibrous material. For example, JP 51(1976)-20357 B



a fibrous material to catal ysts conprising nol ybdenum and bismuth as the
essential ingredients is unknown. Also as to ring-forned DESEFFTEMBER 2005
addition of fibrous material gives rise to a problemof increased
scattering in mechanical strength am)ng i ndi vi dual catalyst rings, while
t heir nechanical strength can be inproved JP 59 (1984)-183832 A (= US
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catalyst containing molybdenum and bismuth as essential
ingredients. This method aims at preparation of carried catalyst in
which the carrier carries a large amount of the catalyst, and for that
purpose a method of preparation must be such that a slurry formed
by dispersing catalytically active ingredients and inorganic fibers in a
liquid is deposited on a carrier and at the same time the liquid is
vaporized and evaporated. This preparation method, however, is not
necessarily easy of operating, and the catalytic activity varies
depending on variation in preparation conditions. Hence, there is a
problem of difficulty in preparing catalyst which exhibits uniform

catalytic performance.

Problems to be solved by the invention
Accordingly, therefore, the object of the present invention
1s to solve the above problems in the prior art, by providing a catalyst

suitable for catalytic vapor-phase oxidation of isobutylene, t-butanol



inorganic fibers such as glass fiber, alumna fiber, silica fiber, carbon
fiber and the like, can acconplish the above object. The ploSEHEEMBERZA9F on
is conpl eted based on the above know edge. Thus, according to the
invention, a catalyst for production of unsaturated al dehyde and
unsaturated carboxylic acid is provided, which is characterized in that it
consi sts obr progy$émpéd frodiues corvesporsding ansataratieidcaldeipats andn
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met hacr ol eg)] et hacrylic aci d or acrolein and acrylic acid. The reason
why the ad i%l on of inorganic fibers according to the present invention
achi eves i nprovenents not only in the catalyst's nechanical strength but

also in th catal ti as well as inhibition of catalyst's
det eri or at ‘?‘F‘V\Ptﬁ q(ixgeqhse RE? fﬁﬁlﬁy clear yet. Presumably, because the
catal yst conpositi ol Bhiedesshidh Wik werksré eofides sind feahgat
generated during the reaction is dispersed, sequential reactions are
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vi ew of th r ani cal
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referred Lﬁbas sha ed cat al yst, Ih isinthe formof  ri ng- shaped
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comprising a catalytic composition containing as active ingredients at
least molybdenum and bismuth, and inorganic fibers.
According to the invention, furthermore, a process is
provided, which is characterized by using the above catalyst in
catalytic vapor-phase oxidation of isobutylene, tertiary butanol or
propylene with molecular oxygen, whereby producing respectively
corresponding methacrolein and methacrylic acid or acrolein and
acrylic acid.
The reason why the addition of inorganic fibers according
to the present invention achieves improvements not only in the
catalyst's mechanical strength but also in the catalytic performance,
as well as inhibition of catalyst's deterioration with time is not fully
clear yet. Presumably, because the catalyst composition is diluted
with the inorganic fibers, the heat generated during the reaction is
dispersed, sequential reactions are inhibited, and thermal
degradation of the catalyst is inhibited. Also in view of the

observation that the improvement in the catalyst's mechanical



el ements, thallium phosphorus, tellurium antinony, tin, ceriun}vI | ead

ni obi um nanganese, arsenic, zinc, silicon, aluninium titQSEEHEMBER 205 \m
and tungsten; 0 is oxygen; a, b, ¢, d, e and x stand for the respective
atom ¢ nunbers of M, Bi, Fe, A B and,0, where ais 12, b is 0.1-10, c is
0.1-20, dis 2-20; e is 0-30 and xis a nunerical value determ ned by the
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expressed by the general formul (1) can he tfornulated foll ow ng those
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nitrates, ecomditionwashtthe catndpst compoditsahts, carbonates, alkali netal

salts and the like, may be suitably selected for use. As inorganic fibers,
gl ass fibers, ceramic fibers, carbon fibers and the |ike may be used, of

t hose, gl aBmbb@RhentdlofMfHRidv&etisnl6 SEPTEMBER 2005 5 and silica fibers
are preferred. In particular, glass fibers are conveniently used. Mre

than one ki nd of indhgaatalystoel herpyesrnt mnardion isoédhertypenbi nati on, or
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within the above range in the conpleted shaped catal yst. Therefore,
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to 50m1.5mMm it i 1. SiSi t F X1l i.c. tJ -$: havi an average
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average length to fall within the range of 50m1.5mm The latter practice,

however, tends to aggravate dispersibility of the inorganic fibers. Use of

i norganic fibers W%?Bié%E@%%ef@ber Leppth and average fiber dianmeter
deviate fromthe ranges of 50m1. Snm and 2m 20m respectively, gives rise

to problens such as t ha_t' catal yst of uniform performance cannot be
obL e %A 112l By BRSSP B BT BREOAN ol o o
inter ali andeleméfft sthetefermenigagiekebanngedhyalokeBglstat Mast exrt he content is
too Iow, tqumeJrItesCélected among alkali metal elements, alkaline earth metal
elements, thallium, phosphorus, tellurium, antimony, tin, cerium,
lead, niobium, manganese, arsenic, zingc, silicon, aluminium, titanium,
zirconium and tungsten; O is oxygen; a, b, ¢, d, e and x stand for the
respective atomic numbers of Mo, Bi, Fe, A, B and O, where a is 12, b
is 0.1-10, cis 0.1-20, d is 2-20; e is 0-30 and x is a numerical value
determined by the extents of oxidation of the other elements).
The catalyst composition expressed by the general formula
‘(1) can be formulated following those methods generally used for
preparing this type of catalyst. As the starting materials of each of
the ingredients, oxides of the ingredients or salts of the ingredients
which form oxides under heating, such as nitrates, ammonium salts,
organic acid salts, carbonates, alkali metal salts and the like, may be
suitably selected for use.
As inorganic fibers, glass fibers, ceramic fibers, carbon

fibers and the like may be used, of those, glass fibers, alumina fibers



of inproving the catalyst's mechanical strength is i nsuffl CI ent. and _where
it is too high, the catalyst conposition contained in t hel6 EPEFV&E%wénes
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ranges of 50pum-1.5mm and 2pum-20um, respectively, gives rise to
problems such as that catalyst of uniform performance cannot be
obtained, and therefore is objectionable.

Suitable inorganic fiber content based on the weight of the
catalyst is 0.01-30%, preferably 0.05-20%, inter alia, 0.1-10%, the
percentages being by weight. Where the content is too low, the effect
of improving the catalyst's mechanical strength is insufficient, and
where it is too high, the catalyst composition contained in the
catalyst becomes less and the catalytic performance is degraded.

Those catalysts of the present invention can be prepared
following those methods generally used for preparing known
catalysts for production of unsaturated aldehyde and unsaturated
carboxylic acid, excepting the point of adding inorganic fibers to
catalyst composition and shaping the system into rings.

More specifically, a satisfactory catalyst can be prepared by

adding inorganic fibers to, for example, a catalyst composition



excepting the point that above-described shaped catal yst i s _us
catal yst. For exanple, a gaseous m xture conposed of 1- 1016§EF%@§ﬁ§ﬂR£&ﬁ

i sobutyl ene, t-butanol or propylene, 3-20 vol.% of nolecular oxygen, 0-60
vol . % of steam and 20-80 vol . % of an ingrt gas such as nitrogen, carbon
di oxide and the Iike may be introduced over said 16 SEPTEMBER 2005 7
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unsat ur at ed I de and forned unsaturatéed carboxylic_aci I) nunber
of startingrangiag é@@ -30QY9. The inorganic fibers may be added all at once

or in divided portions. For example, a part of them may be added to
a slurry containing starting compounds and the rest, to the dried and
calcined powder.

In the occasion of shaping, conventionally used binder such
as polyvinyl alcohol, stearic acid, ammonium nitrate, graphite, water,
alcohol and the like may be used if necessary.

~ The ring-formed catalyst grains preferably each has an
outer diameter of 3-10mm, 0.1-0.7 time the outer diameter of an
inner diameter and 0.5-2 times the outer diameter of a length
(height).

The catalytic vapor-phase oxidation reaction according to
the invention can be performed following generally practiced method
for catalytic vapor-phase oxidation of isobutylene, t-butanol or
propylene using molecular oxygen, to produce corresponding
methacrolein and methacrylic acid, or acrolein and acrylic acid,
excepting the point that above-described shaped catalyst is used as
the catalyst. For example, a gaseous mixture composed of 1-10
vol.% of isobutylene, t-butanol or propylene, 3-20 vol.% of molecular
oxygen, 0-60 vol.% of steam and 20-80 vol.% of an inert gas such as

nitrogen, carbon dioxide and the like may be introduced over said



The performance tests and shatter strength test of the catalysts were
conducted by the foll owi ng nethods. Catal ytic perfornmance16 SEPTEMBER 2005
One- hundred(100)m of a catalyst was filled in a steel reaction tube of
25mmin inner dianmeter, into which a gaseous m xture conposed of 6 vol.%
of isobutylene, 13 vol.% of oxygen, 15 "vol.%of steam and 66 vol. % of
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nitrogen was introduced. The, react.i on1 was .con fﬂe& ﬁ)spac vel OCI ty of
eadnay

1600h" 1 andostheneesast mvm&rat vaowslyssech ammet egaged@ser 8, 000
hours was f?lrl‘f:lg/ ﬁﬁgh r@&&ﬁb e%i&?%%%%ﬁrltg?étl?ﬁgmﬁ%%ﬁﬁ& O)m of a

cat al yst was In a S reac i amet er,
and into \A/rd1ffermgaﬁmmsntynle<\talsewd:mipaserpmpa?eddjy Yaofingrdpy| ene, 14

vol . % of ox grclan % vol,. %.of steam and. 54 v % of ﬂl égggg The reaction
was conduct@PpPégition caleining sonditign, SIEEA 9 %B%iogt g $t8edPer at ure of
310C. The §t§é§éd‘iﬁ 19 ér%bQha’é(@heQﬁwlmaeﬁeiWﬁs’cce%ﬁ;eq risdd fldgh h test
16 SEPTEMBER 2005 hirty(3 a cCatal yst was dropped fromthe top of

a per pendi ctahneagasurelueé(tpwrdxﬁimg@s Qu§]1€§é1f thiepreastiozbitibe, o imdubit di anet er
d>5 lLenqt t of th
catatyst r it BAS4A6E Alotadtalal A A AbRs BRL KL 0hgt n o

t he cat al yshhib®islethesthodsd, appl ying the foll owi ng equati on: Shatter

strength(% = (weight of catalyst remained on the sieve) (weight of dropped
catalyst) X 100 Exanple 1 Six thousand(6,000)m of water was heated to 40C,

and into Vireht gf%ﬁg 191fvem' um par anol ybdate and 530g of anmmoni um
par at ungstate were di ssolved under stirring. Thus a

According to the invention, catalysts which are high in
mechanical strength, capable of giving unsaturated aldehyde and
unsaturated carboxylic acid, which are the object products, at high
yields, and have uniform catalytic performance showing little
decrease in catalytic activity (yield reduction) with time can be
prepared with ease. According to the present invention,
furthermore, acrolein and acrylic acid or methacrolein and

methacrylic acid can be produced at high yields over long periods.

Examples
Hereinafter the invention is explained more specifically,
referring to working examples. The conversions and yields as given

in the Examples and Comparative Examples are defined as follows:

conversion (mol%) =

(mol number of reacted starting material)
x 100

(mol number of starting material)



solution (liquid A) was prepared. Separately, 486g of bismuth nitrate was
di ssol ved in aqueous nitric acid solution conmposed of 60nil6 SEPREMBER 2005d
(concentration: 65w% and 240m of water to prepare another solution
(l'iquid B). Again separately, 2912g of g cobalt nitrate and 404g of ferric
nitrate were dissolved in 2000m of water to forma solution (liquid O,
and 78. Qg of cesi ure,lféi_}ﬁr(ﬂ{(ﬁo s dissolved in 400m of water to forma
solution (liquid D)~ enintto the liquid A under heating and stirring,

‘the liquid B, |iqui@ofakbndl dusibed d? foeiedddedtdFsad se by the order
stated, and mxed. »fUHRS o ARGErfle Asdt S ldPesodtt BBIY Of

al kali-free glass fi4b . . avere per_dianete
average fiber Iength were(mddediunbertod staxtingemafteriadved by thor ough
stirring. Thus obtained suspensi on was heated under stirring to evaporate
the systemto dryness, and the resulting solid matter was shaped into
rings of 6.0nmin diherpatfearmberce tesbsremidrshatter stokrgeh ¢estaofitloe 6rm in

| engt h each, ich were cal cin af, 5 for 6 hours while passing air, to
provi de a Q?é@i??@twefﬁéo 5 %Yoéh"o?glﬁh‘i"én%é@%"? S-excl udi ng the gl ass
fibers and oxygen was: 16 SEPTEMBER 2005 10 Mpbl12 W2 Bi 1l Fel Colo Cso.4

Si1l.35 and its glass fiber content was 2. Om % The catal ytic performance
test-1 andCehalxtée parferngamaectast—ler e conducted using this catal yst. The

ctrength of thi s aans bERARR QR pEh FaEy RSl ins R et
fCpgpar ati vmaﬁxmmtfab?ﬁ)f@ﬁ?ﬁm éniaemh'anma,h tdﬁctoewﬁle@h aft@a%_e({)lf‘sé lise? gl ass

i bers or shape o e gatalys rre ghanged as_s i.n Table o]
prepare CRIRPYLS SOMRRES aﬁfgé 9’9&-%@#‘%@}‘%{ eRei i@t"oi\%/ﬁa]rﬂf Wﬁeﬂbrl%t rengt h
test  were,Gapdychiel i Snoebhanes Gilditksten wileldueaiaed! | crier for mance,
pressure loss during the reaction tine a shatter strength are shown in
Tabl e 1. I®aSERIEMBERC@OdSCtEL a0G0paceCadocityofob®Bbb \and a reaction

temperature of 340°C. The reaction gas after 30 hours was

analyzed.

Catalytic performance test—2

Fifteen-hundred(1,500)ml of a catalyst wasfilled in a steel
reaction tube of 25mm in inner diameter, and into which a gaseous
mixture composed of 6 vol.% of isobutylene, 13 vol.% of oxygen, 15
vol.% of steam and 66 vol.% of nitrogen was introduced. The
reaction was conducted at a space velocity of 1600h! and a reaction
temperature of 340°C. The reaction gas after 8,000 hours was

analyzed.

Catalytic performance test—3

One-hundred(100)ml of a catalyst was filled in a steel
reaction tube of 25mm in inner diameter, and into which a gaseous
mixture composed of 7 vol.% of propylene, 14 vol.% of oxygen, 25 |
vol.% of steam and 54 vol.% of nitrogen. The reaction was conducted
at a space velocity of 1800h! and a reaction temperature of 310°C.

The reaction gas after 30 hours was analyzed.

Shatter strength test
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Thirty(30)g of a catalyst was dropped from the top of a
perpendicularly erected stainless steel pipe of 25mm in inner
diameter and.bm in length, and received with a 4-mesh sieve. The
weight of the catalyst remained on the sieve was measured and the
shatter strength of the catalyst was determined, applying the

following equation:

Shatter strength(%) =

(weight of catalyst remained on the sieve)
x 100

(weight of dropped catalyst)

Example 1
Six-thousand(6,000)ml of water was heated to 40°C, and

into which 2118g of ammonium paramolybdate and 530g of
ammonium paratungstate were dissolved under stirring. Thus a
solution (liquid A) was prepared. Separately, 486g of bismuth
nitrate was dissolved in aqueous nitric acid solution composed of
60ml of nitric acid (concentration: 65wt%) and 240ml of water to
prepare another solution (liquid B). Again separately, 2912g of
cobalt nitrate and 404g of ferric nitrate were dissolved in 2000ml of
water to form a solution (liquid C), and 78.0g of cesium nitrate was
dissolved in 400ml of water to form a solution (liquid D). Then into
the liquid A under heating and stirring, the liquid B, liquid C and
liquid D were added dropwise by the order stated, and mixed.
Further 406g of 20wt% silica sol and 68.9g of alkali-free glass fibers
of 10um in average fiber diameter and 500um in average fiber length
were added to the mixture, followed by thorough stirring.

Thus obtained suspension was heated under stirring to
evaporate the system to dryness, and the resulting solid matter was
shaped into rings of 6.0mm in outer diameter, 1.0mm in inner
diameter and 6.6mm in length each, which were calcined at 500°C for
6 hours while passing air, to provide a catalyst.

The composition of this catalyst excluding the glass fibers

and oxygen was:
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and its glass fiber content was 2.0wt%.

The catalytic performance test-1 and shatter strength test
were conducted using this catalyst. The catalytic performance,
pressure loss during the reaction time and shatter strength of this

catalyst are shown in Table 1.

Examples 2-9 and Comparative Examples 1-4

Example 1 was repeated except that the used glass fibers
or shape of the catalyst were changed as shown in Table 1, to prepare
catalysts.

The catalytic performance test—1 and shatter strength test
were conducted using these catalysts. Their catalytic performance,
pressure loss during the reaction time and shatter strength are

shown in Table 1.



Proyyyy P

¢ O tl C 003 6SKFTRNBER 2005

Cw w CDWwWOw

(Dn Y

11

w coOCDcococoOOcom CnCCOcoCnaG/JW0p ~+

W n

W -

n+nPbO+ ~r

Table 1
Added Catalyst shape Isobutylene | Total yield of | Shatter | Pressure loss
I . amount of | outer diameter x | conversion | methacrolein |strength | during
:%.H %mEo inorganic inner diameter x + methaferylic reaction
toers fibers length acid time
(wt%) (mm) (mol%) (mol%) (%) (kPa)
Glass fibers
. . . 4
Example 1 (10pm@ / 500pm-long) 2.0 6.0x 1.0x 6.6 99.1 89.1 98.5 16
Glass fibers
. . . 2
Example 2 (7um@ / 500pm-long) 2.0 6.0x 1.0x 6.6 98.9 89.0 98.1 16
Glass fibers
. . . 7
Example 3 (13um® / 500um-long) 2.0 6.0x 1.0x 6.6 99.0 89.2 97.9 16
Glass fibers
. . . . . 98.8 16.5
Example 4 (10pm@ / 150pum-long) 2.0 6.0x 1.0x 6.6 98.8 89.1 8
Glass fibers
. . 7.2
Example 5 Q@ES@ / waa-yobmv N.o 6.0x1.0x%x 6.6 98.9 88.8 94.9 1
Glass fibers -
. . .5 17.3
Example 6 (10um@ / 500um-long) 0.5 6.0x1.0x6.6 99.0 88.7 95 7
Glass fibers
i . . 9.1 16.4
Example 7 (10um@ / 500pm-long) 7.0 6.0x1.0x6.6 99.2 89.0 9
Glass fiber mixture
Example 8 | (10um@ / 500pm-long & 2.0 6.0x 1.0 X 6.6 98.9 89.6 99.0 16.8
10pm@ / 3mm-long)) 2.0
Glass fibers
. ) .0 x5, . . 95.4 13.1
Example 9 (10um@ / 500um-long) 2.0 5.0%x3.0%x5.5 99.2 90.2
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Table 1 (continued)
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Added Catalyst shape Isobutylene | Total yield of | Shatter
i . ) Pressure loss
: amount of | outer diameter x | conversion | methacrolein | strength . )
Inorganic ) . . . . during reaction
. inorganic | inner diameter x + methaferylic ;
Fibers . . time
fibers length acid (kPa)
(wt%) (mm) (mol%) (mol%) (%)
Comparative — — 6.0 % 1.0 % 6.6 99.0 88.2 90.4 18.1
Example 1
Comparative | glass powder 2.0 6.0 % 1.0 X 6.6 99.1 88.4 89.7 18.0
Example 2 (40pm@) . . . ’ . : ’ .
Comparative | silicon carbide
Example 3 (0.4um@ / 40pum-long) 2.0 6.0x 1.0x 6.6 99.0 88.3 99.1 15.4
Comparative — — 5.0 X 3.0 X 5.5 98.9 89.0 75.0 18.2
Example 4
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Example 10

The catalytic performance test—2 was conducted using the
catalyst of Example 1. The results were: isobutylene conversion,
90.2mol% and total yield of methacrolein plus methacrylic acid,
82.3mol%. '

Comparative Example 5
The catalytic performance test-2 was conducted using the

catalyst of Comparative Example 1. The isobutylene conversion was
85.1mol% and the total yield of methacrolein plus methacrylic acid

was 76.6mol%.

Example 11 :
Into 6,000ml of water heated to 40°C, 2000g of ammonium

paramolybdate and 50g of ammonium paratungstate were dissolved
under stirring to form a solution (liquid A). Separately, 778g of
bismuth nitrate was dissolved in an aqueous nitric acid solution
formed of 100ml of nitric acid (concentration: 61wt%) and 400m]l of
water to provide a solution (liquid B). Again separately 1100g of
cobalt nitrate, 824¢g of nickel nitrate and 572¢g of ferric nitrate were
dissolved in 2000ml of water to form a solution (liquid C), and 7.6g of
potassium nitrate was dissolved in 100ml of water to provide a
solution (liquid D). Then into the liquid A under heating and
stirring, the liquids B, C and D were added by the order stated under
continual stirring and mixing, and further 242g of 20wt% silica sol
and 151g of alkali-free glass fibers of 10pum in average fiber diameter
and 500pum in average fiber length were added, followed by thorough
stirring.

Thus obtained suspension was heated and stirred to be
evaporated to dryness, and shaped into rings of 6.0mm in outer
diameter, 1.0mm in inner diameter and 6.6mm in length each, which
were calcined at 480°C for 8 hours while passing air, to provide a
catalyst.

The composition of this catalyst excluding the glass fibers

nd oxygen was:



13 Exanple 10 The catal ytic performance test-2 was conducted using the
catal yst of Exanple 1. The results were: isobutylene convelGSERTEMBERRES o,
and total yield of nethacrolein plus nethacrylic acid, 82.3nol%
Conparative Exanple 5 The catal ytic penfiormance test-2 was conducted using
the catalyst of Conparative Exanple 1. The isobutyl ene conversion was
85.1nol % and the total yield of nethacrolein plus nethacrylic acid was

76. 6nmol % Exanpl e I n 00 of - wa d to 40C, 2000g of ammoni um
par anol ybdat e and é%{j)%&ﬁ%lhfrﬁh? Frﬂlﬁfg%’c@e@g{g’&? Yere dissolved under
stirring to forma solution (liquid A). Separately, 778g of bisnuth v
nitrate was di ssolved_in an aqueous nitric acid solution forned of 100m
of nitric awrddty ebarschibeacrehenbWasAwikd 400nL of water to provide a
solution (liquid B) f of

ni ckel nitrate and 'gbégﬁlgglﬁgér) I ?0%}!%( %eggset?g’ a | ssott\t/g%gflﬁetx%(kbﬁq%q

\(/jvat er I t odfwem aoﬁdltm}téd) nusihg ghiisl cé;talg&mdtolglﬁg a)propm?lramﬁsaaémemsm?bé was

i ssol ve 100 0 ter. t vide.a tion i_qui Then into
the |iqui D 3malh. i iyaafdaﬁﬁaggqqﬁm Phgs a@ﬁxﬁﬁa@eﬁléﬁ 9%,-5@05% P were added
by the or t e , urt her 242g
of Zow%gg?ﬁ‘(als%g‘i‘%gﬁsé‘ %%B@ox:‘éégle fElré%ggqa‘ag;ggg; (grglss%@(fgm i n average
fiber di arﬁrengt]awﬁ%)e% in average fiber Iength were added, followed by

t horough stirring. Thus obtained suspension was heated and stirred to be
evaporated to dryness, and shaped into rings of 6.0mmin outer dianeter,
1.0nmmin i@@gfpaiiaam @xaaﬁgleﬁ%mn i n I engt h each, which were calcined at

480C for 8 hours ssing air, rovi de %@ cat ai yst The conposition
of this catalyst e mm gltlhwg%%rseartp axcepfdhatyealagsstibes waspTEMBER

2005 14 Nqﬁiénd/‘bmzpll%\;ldg :f@ét%eﬁygf’“ Nis Ko.os Sil and its glass fiber content

was 5wt % e’catalytic per mance test-3 and shatter strength test were
conduct ed usi ng t hi'Bheatbhlytic perﬁgxrmncq)tmtyBenedrs&ma\wmsstmngfth t@’t3nol %
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98.5mol%, total yield of acrolein plus acrylic acid was 90.9mol%,

pressure loss during the reaction time was 21.6kPa and the shatter
strength was 94.1%.

In the following Example 12 and Comparative Example 7,
two kinds of catalysts exhibiting different activity levels were stacked
and filled in the reaction tube in such a manner that the catalyst of
the lower activity was located at the inlet side of the reaction tube
and that of the higher activity, at the outlet side of the reaction tube,

and the reaction was conducted.

Example 12

[Preparation of Catalyst 1 to be stacked]

Catalyst 1 for stacking was prepared as in Example 1,
except that the amount of cesium nitrate was changed to 136.4g and
the rings were shaped to have an outer diameter of 5.0mm, an inner
diameter of 3.0mm and a length of 5.5mm each.

The composition of this catalyst excluding the glass fibers

and oxygen was:



strength of 98.9% Conparative Exanple 6 Exanple 11 was repeated except
that no glass fiber was used, to provide a catal yst. The t@SEPTEMBER 2005
performance test-3 and shatter strength test were conducted using this
catal yst. The propyl ene conversion was ;598. 5nol % total yield of acrolein
plus acrylic acid was 90.9nol % pressure loss during the reaction tinme was
21. 6kPa and the shaMap WsBiedttihCorsC8dlz $%.351 n the fol | owi ng Exanple 12
and Conparative Exanple 7, two kinds of catalysts exhibiting different
activity levels were stacked and filled in the reaction tube in such a

nmanner thahnHhgs G384 fidlerontbhe woyRIOwWEdd vity was |ocated at the inlet
side of the reaction tube _and that of the higher activity, at the outlet

side of the reacti ohheugsuliselicomduetanetthencakalytisrrifonamarmentgste 112

[ Preparati opofy (ALRIY L dtH P& & leatai A Sle dnbQn £ FGHIDD, VS
}B(arrple , excegll a un% 0 itra

prepared as In he a cesium ‘e was
changed to 136.4g and the rings were shaped to have an outer dianeter of

5.0mm an pnner diane of 3. and a.l eqgth of 5.5mm each. The
conmpositio Qﬁp%%t§%8¥§%@éy%txgmé?%@t%%%gl ass fibers and oxygen was: 16
SEPTENBER 2005 15 Mphg WocBillrE8lho 0Bk £8me’abbe Patafst 1 Sugkass 11 ber

h onducting t

content was 2.OMm% T results o e catalytic performance

test-1 ancepdatedeexcapteigiththieesmaisitngf césising atitratet wasehstnged ita Tabl e 2.
[ Preparati f ,Catal yst &25 be st agcked] The procedures for preparing
above Cat a?@gg’fo éyarlee %é@é{ﬁg&i % ?Sg%\%lfe@he amount of cesiumnitrate
was changed to 19.PHe dotnpésipreofehrl o:stlalfst exblRidihgafrdglaBrefibepposi ti on
of this catalyst excluding the glass fibers and oxygen was: M12 W Bii

Fel Col o @BAdPX3igeBwWasnd t he glass fiber content was 2. Om % The results
of conducting the catalytic performance test-1 and shatter strength test
are shown in Table 2. [Reaction] The reaction was conducted under the sane
~conditions to thoskmt WaBicatealGaoiodCqer Borssance test-2, through the
reaction tube
and the glass fiber content was 2.0wt%.
The results of conducting the catalytic performance test—1

and shatter strength test are shown in Table 2.

[Reaction]

The reaction was conducted under the same conditions to
those of the catalytic performance test-2, through the reaction tube
filled with 750ml of the Catalyst 1 at the gas inlet side and 750ml of
the Catalyst 2 at the gas outlet side, forming a stack. The catalytic

performance after 30 hours of the reaction is shown in Table 2.

Comparative Example 7

[Preparation of Catalyst 3 to be stacked]

Catalyst 3 was prepared in the same manner as the
Catalyst 1 in Example 12, except that no glass fiber was added.

The results of conducting the catalytic performance test—1

and shatter strength test using this catalyst are shown in Table 2.

[Preparation of Catalyst 4 to be stacked]

Catalyst 4 was prepared in the same manner as the



filled wth 750nl of the Catalyst 1 at the gas inlet side and 750mL of the
Catalyst 2 at the gas outlet side, forming a stack. The cal®$SERTEMBER 2005
performance after 30 hours of the reaction is shown in Table 2. Conparative
Exanpl e 7 [Preparation of Catalyst 3 tggbe stacked] Catalyst 3 was prepared
in the sane manner as the Catalyst 1 in Exanple 12, except that no gl ass
fi ber was Gatidgst Phien Femuhple 02, excepicthatyno lgdasafiert was peldest.nance test-1

and shatter strength test ysi t hj s cat st ;are.showp in Table 2.
[Preparation of - cating Sesultd hhondlubidfhiiafldic R BaBRa et h ¢ he
same nmanneindshhbterlérenBTENBER 12005 thes cébdl?%t’%ltre%ﬁdwﬁ&ﬁ@él@lelga except

that no glass fiber was added. The results of conducting the catalytic
performance test-1 and shatter strength test using this catal yst are shown
in Table qRe[a%% ion] Filling 750nl of said Catalyst 3 at the gas inlet
side of the Treaction tube and 750nl of said Catalyst 4 at the gas outlet
side thereof in alSllang, 750el oésaid &iabadgstpd ataheegasnoket side e

per  or randEoGHPEr LR A ORR LR TNCL & S, P CHFEsBE 167 ©
SEPTENBER (R09oflfl ¥ $DKck, thGRadtion! whls (RrNHERACH Rl COMMGRNM m C e *
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conditions to those of the catalytic performance test-2. The catalytic

performance after 30 hours of the reaction is shown in Table 2.
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Table 2
Catalyst Inorganic Added amount of
composition Fibers Foammm“w Qmwumam
- 0
C : . Glass fibers
atalyst 1 Moi2 W2 Bi; Fey Coio Cso.7 Sitss (10pm@ | 500um-long) 2.0
Example 12 | Catalyst 2 Moi2 W2 Bi; Fe; Coio Cso.1 Siiss Glass fibers 50

(10pm@ / 500pm-long)

Reaction Catalyst 1 : 750ml
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Catalyst 2 : 750ml
Catalyst 3 Moi2 W2 Bi; Fe; Coio Cso.7 Siiss — —

Comparative

Example 7 Catalyst 4 | Moiz W2 Bi; Fei Co1o Cso.1 Sivss — _

Catalyst 3 : 750ml

Reaction Catalyst 4 : 750ml
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Table 2 (continued)
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Catalyst shape Isobutylene Total yield of Shatter Pressure loss
outer diameter x | conversion methacrolein strength during reaction
mner diameter x + methacrylic acid time
length
(mm) (mol%) (mol%) (%) (kPa)
Catalyst 1 5.0x 3.0x 5.5 96.0 88.3 98.4 13.2
Example 12 | Catalyst 2 5.0 x 3.0x 5.5 99.5 88.1 98.0 13.0
Reaction 99.5 91.8 — 12.9
Catalyst 3 5.0x 3.0x 5.5 97.1 86.9 76.4 17.9
moaﬁ&msé Catalyst4 | 5.0 x 3.0x5.5 99.8 86.4 74.3 18.4
xample 7
Reaction 99.7 90.2 — 18.5
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Claims

1. A catalyst for preparation of unsaturated aldehyde and unsaturated
carboxylic acid, which is characterized in that it is in the form of ring-shaped
bodies composed of a catalyst composition containing at least molybdenum and
bismuth as the active ingredients and which contains from 0.01 to 30% by

weight, based on the weight of the catalyst, of inorganic fibers.

2. A catalyst according to Claim 1, in which the inorganic
fibers are at least one selected from glass fibers, alumina fibers, silica fibers

and carbon fibers, and have an average fiber length of from 50um to 1.5Smm

and an average fiber diameter of from 2pum to 20pum.

3. A catalyst according to Claim 1 or 2, in which the ring-shaped body
has an outer diameter of 3—10mm, 0.1-0.7 times the outer diameter of an inner

diameter and 0.5-2 times the outer diameter of a length.

4. A catalyst according to any of Claims 1-3, in which the

catalyst composition is one expressed by a general formula
Mo, Bi, Fe, Aq B, Oy

(in which Mo is molybdenum; Bi is bismuth; Fe is iron; A is at least one
element selected among nickel and cobalt; B is at least an element selected
among alkali metal elements, alkaline earth metal elements, thallium,
phosphorus, tellurium, antimony, tin, cerium, lead, niobium, manganese,

arsenic, zinc, silicon, aluminium, titanium, zirconium and tungsten; O
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A catal yst for preparation of unsaturated al dehyde and unskxSEREEMBER 2005
carboxylic acid, which is characterized in that it is in the form of

ri ng- shaped bodies conposed of a catal yst conposition containing at | east
nmol ybdenum and bisnuth as the active ipgredients and which contains from
0.01 to 30% by weight, based on the weight of the catalyst, of inorganic
fibers. 2. A catalyst according to Caim1l, in which the inorganic fibers
are at | easis @nygeachdstoed, &andxgitast fdrithe respeetivenatomi€ moerbers of Ma Bif | ber s
and carbon fibers, and have an average fiber length of from50mto 1.5mm
and an aver HgeAf Brand Qj wieress iSol‘2 hi@ 121‘ﬂ|(l,@i20n]1 , dAs 2a2f Sflﬁo-a?db@mdii ng to
Caiml or 2, in which the r bo an. outer ter of
3-10mm 0. 1XdS # npmeEa] Wt et o oRisfation of e ofhesng 0. 5- 2
tinmes the ngﬁ{ %baneter of a Iength 4 A catalyst according to any of
Clains 1-3, nShieh t he catal yst conposition is one expressed by a

gener al fornula Mba Bib Fec Ad Be Ox (in which M is nolybdenum Bi is
bismuth; Fe is iron; Ais at |least one elenent selected anong nickel and
cobalt; B i8§. at Meprocessnfoelcatabytic vaporqthase oridatign aff isdbutyteheltegiagyrent s,

al kaline earth netal elements, thallium phosphorus, tellurium antinony,
tin, ceriunbutasabior propylansusingimelessdar oxygen ito producagespectivelyn, al um ni um

titanium zirconium and tungsten; EPTEMBER 2005 .20 i,s o
¢ d e Andoqrrey l%mem&?c?ls@p%&ms&laa%m 2o arpgoleiganigeralcatte A g

oo hunor i e ProSeibeis baekiitng of psfign il defipdinny 8770 fr

el enents). pyaifsProcess for catalytic vapor-phase oxidation of isobutylene,
tertiary but anol or propyl ene using nol ecul ar oxygen to produce
respectively corresponding nethacrolein and nethacrylic acid or acrolein
and acrylic acid, the process being characterized by using a catal yst as
described in any of dains 1-4.



