PROCESS FOR PRODUCI NG METHACROLEI N AND METHACRYLI C  ACI D Desciimptsizen  _'

resent invention relates to a process for producing nethacrol ein and

et hjpcrylic acid by using, as a starting material. at |east one conpound

tted fromisobutylene, t-butanol (tertiary butanol) and methyl t-butyl

(methyl
-1 -
DESCRIPTION
Process for Progucing Methacrolein and
_ Methacrylic id |
[utilization Field in Industryl
5  The present invention relates to a process for
producing methacrolein and methacrylic acid by using, as
a starting material, at least one compound selected from
isobutylene, t—butanol (tertiary butanol) and methyl
t—butyl ether (methyl tertiary butyl ether) and subject-
10 ing the startlng material to gas phase catalytic oxi-
. dation with molecular oxygen or a molecular. oxygen-
" containing gas.
[Prlor Art]
' A number of proposals have been made on the

15 catalyst used in production of methacrolein and methacry-
lic'acid by the high-temperaEure gas phase catalytic
oxidation of isobutylene-and/or t-butanol. These pro-
posals relate mainly to the selection of the components
constituting the catalyst and their ratio. '

20 The above oxidation reaction is a highly
exothermic reaction. Therefore, in the reaction, heat
build-up in the catalyst layer is large; particularly in
the abnormally hot areas called "hot spots”, product
yield is low due to an excessive oxidation reaction and,

25 moreover, deterioration of catalyst takes place owing to
a high thermal load and -catalyst life is influenced
greatly. Accordingly, heat'build-up in hot spots is a
serious problem in the industrial practice of the above
oxidation reaction. This heat build-up in hot spots

30 tends to be striking particularly when €he concentration
of material gas is made higher or the space velocity is
made larger (such reaction conditions are hereinafter
referred to as "high-load reaction conditions®™ in some
cases) in order to enhance the productivity; as a result,

35 the reaction conditions of the oxidation reaction are
considerably restricted currently.
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ry butyl ether) and subjecting the starting material to gas phase

tic oxidation with nol ecular oxygen or a nol ecul ar oxygen-contai ni ng

A nunber of proposal s have been nade on the catal yst used in

tion of nethacrolein and nmethacrylic acid by the high-tenperature gas
@ catal ytic oxidation of isobutylene and/or t-butanol. These proposals

relatge mainly to the selection of the cenponents constituting the catalyst

and gheir ratio. DEdhce3 Qan@%éz@twn%%s Kt Mild - f AP ALt | on

corrgsponding to the general, fornul a
Werd] Merr] \frats FfevMeryci@porians, £osyiaduskrdal) graductian Pf  wherein
X reffresents Klaideddl ean/amd ﬁ%[t&hl’alt:]ryhc ¥Jidpaas dilgh Mields a¥wedn, Li,
Ne, ¢ RO (xgs-gofﬂygéﬁctlon of catalys% %eterloratlon and resultant
5 stable operation over a long period. Prevention of heat
build-up in hot spots is particularly important in
molybdenum-based catalysts because the molybdenum com-
ponent causes® easy sublimation.
Various proposals have hitherto been made in
10 order to suppress heat build-up in hot spots. For
example, Japanese Patent Publication No. 36740/1987
proposes the use of a ring-shaped catalyst. The document
describes that the change of catalyst shape from spheri-
cal or columnar shape to ring shape 'in the molded

15 catalyst conventionally used for oxidation of isobutylene

or t-butanol can suppress'hegt build-up in hot spots and
accordingly an excessive oxidation reaction, and is very
effective for the improvement of product yield. This
method certainly has an effect of reducing the thermal
20 load for catalyst, but gives no sufficient results under
high-load reaction conditions, in particular. |
Also, a method in which catalysts of different
activities are filled in a plurality of reaction zones
formed by dividing the catalyst layer of reactor and in
25 which an oxidation reaction is carried out in the reaction
zones, is known in Japanese Patent Publication No.
38331/1988 for production of, for example, acrolein and
acrylic acid from propylene.
Further, Japanese Laid-Open Patent Publication
30 No. 127013/1976 discloses the use of &¥~combination of a
supported catalyst and a molded catalyst essentially of
the same composition for production of unsaturated
aldehydes and acids from propylene and isobutylene. The
document shows, in Examples, specific cases of producing
35 acrolein and acrylic acid from propylene, but discloses
no specific case of producing methacrolein and methacry-
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c=0.1to 3 d=0.01 to 1, e =0to 1, f =0to 2.
h =0to 1. X represents the nunber of oxygen atons

fred to saturate the val ence of the conponents of said catalytic
Ssition,
crolein by the vapor phase oxidation of isobutylene or tertiary

oI sai d catal yst having the conpasifion represented by the follow ng

TV er r] BRERFIAFEFSP: { APRREYBERRr) FRRFRBPERY) feitp) GifEicult to

EP-A-0 102 641 relates to a catal yst for manufacturing

evaluate the effect of the above technique on the produc-
tion of methacrolein and methacrylic acid from iso-
butylene.

In the reaction for producing methacrolein and
methacrylic acid by subjecting isobutylene, t-butanol or
methyl t-butyl ether to gas phase catalytic oxidation,
all of these %E;rting materials have a methyl group at
the (X -position unlike propylene; accofdingly, there
occur many side reactions caused by the presence of
methyl group, such as parallel reactions, successive
reactions and the like, producing a number of by-products
in large amounts. For example, the heat generated in the
reaction for producing methacrolein end methacrylic acid
from isobutylene is larger than that for producing acro-
lein and acrylic acid from propylene; this aggravates the
heat build-up in catalyst layer and promotes the for-

" mation of by—prbducts by side reactions. Further, metha-

crolein is unstable as compared with acrolein and easily
gives rise to so-called "post-reactions" such as auto-
xidation and the like, worsening thé product yield.

As described above, the reaction for producing
methacrolein and methacrylic acid by oxidation of iso-
butylene, t-butanol or methyl t-butyl ether is complex as
compared with the reaction for producing acrolein and
acrylic acid by oxidation of propylene, making it dif-
ficult to obtain intended products at high yields.
Therefore, the application of the very techniques ob-
tained in the productlon of acrolein, acryllc acid, etc.
to the production of methacroleln and methacryllc acid
has not been suff1c1ently effective, and further study
has been necessary in order to develop a catalyst or
process suitably used for production of methacrolein and
methacrylic acid.

{Problems that the Invention Intends to Solvel
An object of the present invention is to provide
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wh et n A represents at | east

e N _ one el ement selected fromthe grou

goﬁ i sting of nickel and cobalt. represents at | east one elengnt P

aﬁ‘.‘;cted fLon1the group consisting of alkali netals, alkaline earth netals
, thallium C represents at | east one el enent selected fromthe

L | _ cerum | ead,
ni ¢§i um nmanganese and zi nc, D rephdesents at |east one el ement

sel@cted fromthe %:EQEPO§O§'Y-Z$§¥&% Afetidd coeinlamd metrhaciyXXioniaghdand

grgp consi sting of phosphorus, tellurium antinony, tin,

titfnium a PEPC
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; to gas phase ca alytic oxidation.

_ _ _ s fixed
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Another object of the present invention is to

’ provide a process for producing methacrolein and metha-
crylic acid by subjecting at least one material selected
from isobutyléﬁgf-t—butanol and methyl t-butyl ether, to
gas phase catalytic oxidation, in which process heat

10 puild-up in hot spots in catalyst layer is suppressed to

of catalyst.

improve yields of methacrolein and methacrylic acid,
prevent catalyst deterioration and enable long stable use

still another object of the present invention

15 is to provide a process for producing methacrolein and

methacrylic acid by subjecting at least one material

selected from isobutylene, t-butanol and methyl t-butyl

ether, to gas phase catalytic oxidation under high-load

reaction conditions, in which process heat build-up in
20 hot spots in catalyst layer is suppressed to improve

[{Means for Solving the Problems]

yields of methacrolein and methacrylic acid, prevent
catalyst deterioration, enable long stable use of
catalyst and enhance productivity significantly.

-~ 25 : .The present inventors found that the above

;7 " objects can be achieved by preparing a plurality of
3 particular molybdenum—based catalysts of different activ-
F | jties and filling the plurality of molybdenum-based

catalysts into a plurality of reaction zones formed by
39 dividing the catalyst layer of reactor~into two or more
portions, in such a way that the activity of filled

4 catalyst becomes higher as a material gas proceeds from

completed based on the finding.

the inlet to the outlet. The present invention has been

35 . The present invention relates to a process for
producing methacrolein and methacrylic acid by subjecting
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f i SE®mm 0 to 10, gis fromO to 4. his fromO to 30 and X
is aghunber determ ned by the atonic val entes of the individual elenents.
afd -#i ng nol ded in the shape of a hollow cylinder having an outside

di a 5 er of 3.0 to 10.0 nm an inside diameter 0.1 to 0.7 tines the

out sigle dianmeter and a length 0.5 to 2.0 tines the outside dianeter

The .nove oxidation reaction is a highly ®x0t hernic reaction. Therefore, in
the geaction, fjieateduti loheumatertilad (salzelqtsatd flra)yterlslobultarrlgaexe,pazr—t icularly
in t B abnormal Ly hat 435984 tlodigh VUMY £ Ghal ! ia Yy due to

an egessive
. oxidation with molecular oxygen or a molecular oxygen-

containing gas using a fixed bed multi-tubular reactor,
which process is characterized in that:

5
(¢{) there are used, as catalysts, compound oxides re-
presented by the following general formula (I)
Mo W531 FedA Bng h i x
(1n the formula, Mo represents molybdenum, W represents
1o tungsten, Bi represents bismuth, Fe represents iron, A

represents at least one element selected from nickel and
cobalt, B represents at least one element selected from
alkali metals and thallium, C represents at least one
element selected from alkaline earth' metals, D represents

15 at least one element selected from phosphorus, tel-
lurium, antimony, tin, cerium, lead, niobium, manganese,
arsenic and zinc, B represenfs at least one element
selected from silicon, aluminum, titanium and zirconium,
and O represents oxygen; a, b, ¢, d, e, £, Q, h, i and x

20 represent the numbers of atoms of Mo, W, Bi, Fe, A, B, C,
D, E and 0O, respectively;.when a is 12, b = 0-10, c =
0.1-20, d = 0.1-20, e = 2-20, £ = 0-10, g = 0-10, h =
0-4, i = 0-30 and x = a value determined by the oxidation
states of individual elements),

. 25. () each.reaction tube has a plurality of reaction zones
formed by dividing the catalyst layer in the reaction
tube into two or more portions in the axial direction of
the tube, and (Y ) the plurality of reaction zones are
filled with catalysts shown in the above ((X.) having

39 different activities, prepared by varying the types

' and/or amounts of the elements constituting the A group,
B group, C group, D groub and E group in the general
formula (I) and/or with catalysts shown in the above (IX)
having different activities, prepared by varying the

35 amount of at least one element of W, Bi and Fe in the
general formula (I}, in such a way that the activity of

\\—-&_
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oxi'gE:Een reaction and, noreover, deterioration of catalyst takes place

oW § “to a hi gh thernal | oad and catalyst-life is influenced greatly.

Accgldi ngly, heat build-up in hot spots is a serious problemin the

ind‘ trial practice of the above oxidation reaction. This heat build-up in
hot & pots tends to be striking particularly when the concentration of

mat i al gas is made hi gher or the spaceS vel ocity is made |arger (such

r cagli or Cond'Hgﬁﬁéc%&%lg%Eeb@%Bh%é rﬁﬁghéedaboaaﬁatbtgbi gaadpreact i on
con@tions' case

in_ord g gi ¢ the productivity: as a
resgt, the rceeds éﬁO@bﬁ@@tHGﬁ§tOF°tﬁ €oRP&af-on reaction are considerably
resiicted currently. rhe geReentnifvientabnofiuctheeatreBatied- &9 @n hot spots

o Y PO A o e duloThg NG 8 eGh HRE"EENLR T 138 acia,
: characterized in that the above-mentioned plurality of

reaction zones are filled with catalysts of different
activities prepared by varying the types and/or amounts
of the elements$ constituting the A group, B group, C
group, D group and E group in the above’ general formula
10 (1) and further by varying the firing temperature employ-
ed in catalyst preparation, and/or with catalysts of
5 different activities prepared by varying the amount of
| at least one element of W, Bi and Fe in the general
formula (I) and further by varying the firing temperature
15 employed in catalyst preparation, in such a way that the
activity of filled catalyst becomes higher as a material
gas proceeds from the inlet to the outlet.
The present invention is hereinafter described
in detail.

20 The starting material used in the present
invention is at least one-compound selected from iso-
butylene, t-butanol and methyl t-butyl ether, and is
subjected to a reaction ordinarily in the form of a mixed
gas further containing molecular oxygen, steam and an

95 inert gas (e.g. nitrogen, carbon dioxide) .

The catalysts used in the present invention are
compound oxides represented by the above-mentioned
general formula (I). The method for preparing the
catalysts and the materials used therefor have no parti-

3¢9 cular restriction, and the catalysts cah be prepared by
employing the method and materials generally used in the

, preparation of same type catalyst.

3 In the present invention, a plurality of

;- N _ catalysts of different activities, each represented by

35 the general formula (I) are prepared and filled in a
particular arrangement.

- | NRUWAT
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% 5¥c acid at high yields as well as for reduction of catalyst

det é8STati on and resul tant stable operation over a |ong period. Prevention
of hj buil d-up in hot spots is particularly inportant in nolybdenum based
cat aji#st s because the nol ybdenum conponent causes easy subli mation.

Var is proposal s have hitherto been nade in order to suppress heat buil dup
in il spots. For exanpl e, Japanese Paréﬂ:T%ﬁﬂlcatlon No. 36740/ 1987
profigmes the use of a r¥ng- ehaaeﬁseatafydiffahendoauﬂEnﬁtdesceahes that t he

han f tal yst t h [
tho 31 ded”carabyly BRNBERPRERAI Ty 1abui B3, i BRPrsn bR pkopbpfisheor "
t anol cgnesuppmentshQQBSbutmdlug thehbtgspops andrauperﬁlggbypan

met i

ort -y
excelli ve OX|dat| r o) dj s r t [ nt of
or ol i o ab ghPlel SRR K Groiuh SeNE JoRbERY EYEnbR (BT TRRRECRER O

| oadil or cgtatystcabéiY§F§e§f 61§§¢F¢6FeﬁFtF¥§GF?§ aaaebehpaﬁapeaé PEactlon

gon ions, ip, 9? Ehy CHhér &haporaazaahhedofna%l@aseababyéném@ﬁt
i ffallent activitieS are al’i X &lon s formed by
di vijli ng the salaryst Fé?@r"b? ?%ac?ﬂgagg i Rﬁ?c gﬂ 8X|Big?gh Nfeaction
is cjried oubaiBht Retakastthalxbmes, pheskhovasi ntdéapaedan, Pahebhony,
o B o rna B bhORE AR ARG dhoghlbet AUBLR 2L e
pr ol ng; gcr slidiconndakeminum, atin hqdvapogonphasétbatuayuaélgauunston of
PO tegrel CeuBE, RalY! biehPRULRE . atbnife- PEEi beaBEEDRI¥ESEG! e, VB! CY, I A
3 and i in the general formula (I})].
The catalysts of different activities can also
be obtained by varying the amount of at least one element
15 ©of W, Bi and Fe [the variation must be made within the
atomic ratio specified by b, ¢ and 4 in the general
formula (I)l. B
. The catalyst of different activities can also
F & be obtained by varying the types'and/or amount of the
?*' '20 above elements and further by varying the firing tempera-
. _ ture employed in catalyst- preparation. Specifically, the
catalysts of different activities are prepared by varying
the firing temperature (400-600°C) employed in catalyst
preparation, so as to give a firing temperature d4if-
--—95 - ference of at least 5°C between any two different
"7 catalysts. '
The firing tempefature employed in catalyst
preparation in the present invention is, as mentioned
& above, 400-600°C, preferably 450~-550°C.
E - 30 When the firing temperature-i¥ lower than
| 400°C, no sufficient catalyst activity is obtained.
Meanwhile, when the firing temperature is higher than
600°C, the resulting catalyst activity is low owing to
the occurrence of sintering, etc. Therefore, such firing
'35 temperatures are not preferable. When the firing tem-
perature difference is less than 5°C between any two

_—
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a) , as a reaction catalyst, of a conposite oxide catalyst

r epri ed by the fornula: . '

Mo[ @] Bl err] bFe[err]Alerr]Blerr]Cerr]Derr]Si[err]gerr], wher ei n:
A i sHEt | east one elenent selected fromCo, Ni, and My; B is at |east one"
el enjgmt selected fromP. B. and As; Cis at |east one elenent selected
frongei, .Na, and Mh; Dis at |east one-egenent selected fromK, Rb, Cs and
TI, B
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tively

Pénpesatst é vaif srence widedh nut odammecesont 1 0f | kakedyy varyi ng
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catalysts of different activities and the filling of the
catalysts can be specifically carried out by the follow-
ing embodiments.

(1) A plurality of catalysts of controlled
activities are prepared by varying the amount of W ele-
ment in the general formula (I), or by varying not only
said amount but also the firing température employed in
catalyst preparation. The thus prepared catalysts are
filled into a plurality of reaction zones formed by
dividing the catalyst layer or each reaction tube, in
such a way that the activity of filled catalyst becomes
higher as a material gas proceeds from the inlet to the
ontlet. In this case, the amount of W element used is
preferably such that b = 6.001-10 when Mo = 12 in the
general formula (I).

(2) A plurality of catalysts of controlled
activities are prepared by varying the amount of Bi
element in the general formula (1), or by varying not
only said amount but also the firing temperature employed
in catalyst preparation. The thus prepared catalysts are
filled into reaction zones formed by dividing the
catalyst layer'of each reaction tube, in such a way that
the activity of filled catalyst becom&s higher as a
material gas proceeds from the inlet to the outlet.

{(3) A plurality of catalysts of controlled
activities are prepared by varying the amount of Fe
element in the general formula (I), or by varying not _
only said amount but also the firing temperatuie employed
in catalyst preparation. The thus prepared catalysts are

) \
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FR- a4 414 relates to a process for the preparation of acrylic acid

usi nilcat al ysts of different activities. Said catal ysts are prepared by
di | uiing the catalytically active catalysts with an inert conpound so as to
redug® the activity of the catalytically active conposition. GB-PS 1

529 ? 4 relates to the oxidation of propylene and isobutylene to obtain the
cor rgpondi ng unsaturated al dehydes and qplds Thi s docunent teaches to use

two g tal ysts haV|Hg dhfferen% ghys ca % The fir t cak |yst is a
coat @ catal yEilisAaifke EeashiChLaNss TREREASPY LXARIPLIEDeST (he
cat agti c nat gptalyst layé&uorbfeeachapeaetiohatub&pennPateht aPubyi thaton No.

127038/ 1976 dlgglosgivipgeafef ;l@dcg éfgétOBeSBmésSyﬁghB?fLSd gcatal yst

and ‘nol ded & a?ys ntia g ane conposi roducti on of
unsaglir at ed amhdebyded aAd REPASE $oﬁ¥9mobyeehelahdtpsébet9u§he - The

docufent shows, in Exanphgs, ASpfﬁtél£t§aéfscsﬁapyQQHCbngcaﬁtebfledand
acryg@c achd fron1prop | ene, cl oses np specific case pr oduci ng

met g ol ein aﬁﬁlﬁéﬁhaﬁr?FFCHE?BaF?an?Ysﬁﬁﬁ¥§?8n€heTﬁ¥P€fBngoFtaW%“"t
di f fful t to gyahbaleabbeonél eLémeontt seleabbré feoﬁnthéergrbhp eleﬂuwtson

f gl h | d nmeth d ug t
Por W bace noineERSFERBRRI TRAEmBER L] PTok S8 VLSRR, not; KA1y LS iFS Fene,
t - buganol or aypbyhne/obuaybuethbmttalgastphagértagatgmperekuuatemm, al | of
t hes Staft'ngéﬁggsffﬁ' 8aPaYFse PELONIaOIOHD rnkhendsPBRbphplaun! | ke

profill enel0 ac occur react’| ons by, t he
preglince of neahylygtéuﬁresﬁé%lﬁé pake| Fepction zones formed by divid-

ing the catalyst layer of each reaction tube, in such a
way that the activity of filled catalyst becomes higher
as a material gas proceeds from the inlet to the outlet.
15 (5) A plurality of catalysts of controlled
activities are prepared by varying the type and/or amount
of at least one element selected from the B group ele~
ments in the general formula (I), or by varying not only
= said type and/or amount but also the firing temperature
’é 20 employéd in catalyst preparation. The thus prepared
: catalysts are filled into reaction zones formed by divid-
ing the catalyst layer of each reaction tube, in such a
way that the activity of filled catalyst becomes higher
as a material gas proceeds from the inlet to the outlet.
25 In this case, the amount of the B group element(s) is
preferably such that £ = 0.001-10 when Mo = 12 in the
= general formula (I). '
: | (6) A plurality of catalysts of controlled
activities are prepared by varying the pype and/or amount
30 of at least one element selected from the C group ele-
ments in the general formula (I), or by varying not only
said type and/or amount but also the firing temperature
- employed in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
35 ing the catalyst layer of each reaction tube, in such a
way that the activity of filled catalyst becomes higher
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e successi ve reactions and the like, producing a nunber of

¥iucts in | arge anounts For exanple. the heat generated in the

‘on for producing nethacrolein and nethacrylic acid from i sobutyl ene
ger than that for producing acrolein and acrylic acid from propyl ene;
aggravates the heat build-up in catal yst |ayer and pronotes the

i on of by-products by side reactipgs. Further, methacrolein is

| ¢ as conpared with acrolein d easily gi.ves  rise to so-called
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i c aci dyéneral formula (I}.

are the reaction for producing acrolein and

(7) A plurality of catalysts of controlled
activities are prepared by varying the type and/or amount
of at least one element selected from the D group elements
in the general fg;ﬁula (I), or by varying not only said
type and/or amount but also the firing temperature em- l
ployed in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
ing the catalyst layer of each reaction tube, in such a
way that the activity of filled catalyst becomes higher
as a material gas proceeds from the'inlet to the outlet.
I; this case, the amount of the D group element(s) is
preferably such that h = 0.001-4 when Mo = 12 in the
general formula (I).

(8) A plurality of catalysts of controlled
activities are prepared by varying the type and/or amount
of at least one element selected from the E group ele-

ments in the general formuXa (I), or by varying not only i
said type and/or amount but also the firing temperature ;
employed in catalyst preparation. The thus prepared
catalysts are filled into reaction zones formed by divid-
ing the catalyst layer of each reaction tube, in such a
way that the activity of filled catalyst becomes higher
as a material gas proceeds.from the inlet to the outlet.
In- this case, the amount of the E group element(s) is
preferably such that i = 0.001-30 when Mo = 12 in the

..Ap-f"

general formula (I).
{9) At least z_éatalysts selected from the
catalysts of controlled activities mentioned in the above
(1) to (8) are filled into the reaction zones formed by
dividing the catalyst layer of each reaction tube, in
such a way that the activity of filled catalyst becomes
higher as a material gas proceeds from the inlet to the
"kx
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- 3- 3 et i on of propylene, making it difficult to obtain intended

pr . oce “at high yields. Therefore, the application of the very t echni ques
obt &3 ed in the production of acrolein, acrylic acid, etc. to the

prod@Et i on of nethacrol ein and net h- aryllc acid has not been sufficiently
ef f e ve, and further study has been necessary in order to develop a

cat aj#iest or process suitably used for pr ction of nethacrolein and

met g@rylic acid. An object of the préesent invention is to provide a
proclls for proadletng net hacrol ein and nethacrylic acid at high yields by

subjEting at |east onerpat@el pkesehecindehtadni solbeikang” trelfeiraneb and
net B t-butyl ether S at al t|c oxi,dati on. Anot her obj ect
of tale presenmh@nﬁéﬁﬂﬁéﬁlg PE iﬁﬁgagga BE§E&8L f or producing nethacrol ein
and 3t hacrylic acid byOSUhhecabngeabmbedsmeOMS,n&hermakhsﬁlmem&dohedm

| sofgylenc. t-Duanghe9ad (35t bul phoBUt kb8! BREauES 935 oRbaRCpagRal VY C

OoXi i i on, 5i n ocess I°n “cat al | ayer is
SUpg bssed toaampmmweom|eﬁdgtértwaghaetereaa and hegha@e}bp¢1ag¢deSppévent

cat gyst deterlgfghgan Poduerabhaal 0pg st 2BkA1¥SS @fivedt dntehdea Stil
anoier objec the reseﬂt I nvention_is to prOV|de a process for

prodiki ng netmaoﬁapéﬁnaﬁnalﬁﬁtM&SFQFrC In the method mentioned in the
4 above (5), use of a plurality of catalysts prepared by

ty90 varying the type and/or amount of at least one element

selected from the B group elements and further by varying

the firing temperature employed in catalyst preparation,

is particularly preferable because it causes no catalyst

deterioration over a long period of time and gives in-

‘15 :ténded products at high yields. 1In this case, the firing

- temperature in catalyst preparation is varied in the

"range of 400-600°C so that the firing temperature dif-

--ference between any two catalysts of the plurality of
catalysts becomes at least 5°C.

' The tungsten component is effective for im-

. provement of catalyst activity, and its use in combina-

: tion with the B group element(s) gives a catalyst of

. significantly improved activity but of no reduced select-

“ivity. The proportion of tungsten used is 0-10, prefer-

25 -ably 0.5-10 when the proportion of molybdenum used is 12.

_ The methods specified by the present invention,
“ described in detail above, i.e., the present methods for

“control of catalyst activity by variation of catalyst

- composition or by variation of not only catalyst composi-

- tion but also firing témperature have“made it possible to

~produce methacrolein and methacrylic acid at high yields

“over a long period of time. The present invention is

" presumed to have the following functions.

Control of catalyst activity is made possible

'_fby varying the chemical properties or physical properties
“or both of catalyst.
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geect i ng at | east one material selected fromisobutyl ene,
d nethyl t-butyl ether, to gas phase catal ytic oxidation under
“reaction conditions, in which process heat build-up in hot spots

§]yst | ayer is suppressed to inprove yields of methacrol ein and
ylic acid, prevent catalyst deterioration, enable |ong stable use of

st and enhance productivity S|gany§aﬂtIy The present invention
k5 to a process for hacro ein. nmet hacryli¢ acid using
d bed nul titu- bﬁ?%gr? a%#ogagei ﬁtp?ﬁﬁegée¥o r?gmﬂ§¥f5e°?ollomnng

(a Lepahi g helteveﬂytbsbcnnqomhdubxvdeﬁahaanngfdlfferent

act et i es rgpresen ed era r
. 'VWerrFBPWéF?#F% §¥efgferr+g[er??%f§€r]E%%%g]ﬂ%gg?z %ves (in
t hed .rnula YBer epresehatian| 9hdeatady s r a@seskapsli ting @En5t§¢t¥@9resents
bi SKh, Fe represent eyl AcLBRESRSD! 8r Ahet BRS! £ OBELPL enent
sel ammed SroﬂPEFEkgP gﬁﬁéggaﬁ eneé represents gt ?eggt one f nent selected
ether), Or variation of removablllty of products (met

crolein and methacrylic acid) from catalyst; thus,
catalyst activity and selectivity are varied.
Meanwhile, variation of firing temperature is
10 pelieved to contribute not only to variation of chemical
properties (e.g. crystalline structure, stability) of
catalyst, but also to variation of physical properties

(namely, specific surface area, pore volume, distribution

of pore diameters) of catalyst. It is believed that

1-.variation of firing temperature has made it possible to
obtain a catalyst having physical properties most suit-
" able for an intended reaction and, as a result, attain

" high yields.
S In the reaction for producing methacrolein and

:j methacry1ic acid, a number of by-products are generated
;ih a large amount, as mentioned previously.  Hence, by
f;preparing catalets different in chemical properties and
- preferably even in physical properties, optimization of

“ catalysts has been achieved, whereby high yields and
" longer catalyst life have been realized.

The catalysts used in the present invention can
be made into molded catalysts by an ordinary molding
method such as extrusion molding method, tablet molding
method or the 11ke, or into supported catalysts by allow-
ing an ordinary inactive carrler (e.g. 5111con carbide,

alumina, zirconium oxxde,-tltanlum oxide) to support a

catalyst component, i.e., a compound oxide represented by

*.the general formula (I).
The types of a plurality of catalysts filled

into reaction zones may be the same or different. When

- the number of the reaction zones is, for example, 2, it is
- -

This Sheet Has B

T



f r CHE. *tetals and thallium C represents at |east one el enent selected
f r CHE ne earth netals, .0 represents - ‘at |east one el enent selected
frol "sphorus tellurium antinony, tin, cerium ad niobium mnganese,
ar SEEc and zinc, E represents at |east one el enment selected from

Si | n, al um num titani um and zirconium and O rep- resents oxygen;
a, Mc, d, e f, g, h, i and x represeng the nunbers of atons of Mo, W Bi

o 5, C DusfaTileo arofhoboaPEsibyrlis $RERLQ5krincy DescPidf: 0 =
andil = a va Bﬁedelsonfneétb9n%ﬁ@ @%lﬂamﬁﬁﬁr8§étﬁésoinlﬁ§|@D@ual el enent s)

by JE ying t hé 99§9£ 20Nt Sa®tion zoh8CatLBMPAhELEBASAYL HEI Qg the B
gr G N themﬁé ra ornula (1) and further by varying the firing

t e at ure emtlet. ployed in catalyst preparation, said firing
t e’ at ure being in tiRer ahgpesfofObhéochPALestCusedt bat theepteseng

te - 5 ature . differen We ny_t St s,0 h rality of
catiiilyst s beauﬁe§té9"|%3¥? §§e$§§ g@lgryffégff§gé? aﬁﬁ? Laﬁhgegé %Iystg in
t he i al d|Bgcgpﬁarﬁéalhehapeetmohummbe shagechrangayhapat ehe.acTheity of
figmed catal yst ro d omt he

filg Yk P& nﬁﬁ Qﬂsée‘élggesbgétgfpﬁaegaepeeiap 68031 4¢

I Nk to the§ east ohe matérial selected
fr i sobut yapgous- advanbagaﬁdsw@hh?$ tpbevynte9ne¢ftbeghsbbhégeup

CIEumytic 0Xlgahben gbeb , TPhEEEA8E4A OYYEEA, 0¢:evaﬁtesﬁlaf extd s€ont ai ng
ol 10" THE Present Thvent con ys Merel hafier deseriped 1p derail.
3 and the like. Therefore, ring-shaped catalysts can be
preferably used in the present 1nvent10n. The preferable
. dimensions of the ring-shaped catalysts are such that the
ﬂﬁﬁlout51de diameter is 3-10 mm, the length is 0.5-2 times

" the outside diameter, and the inside diameter (the dia-
< meter of the through-hole formed in the length direction)
“ ig 0.1-0.7 time the outside diameter.
ey The shapes of a plurality of catalysts filled
jnto reaction zones may be the same or different. When
" the number of the reactiom zones is, for example, 2, good
results are obtained by arranging a ring-shaped catalyst
in a reaction zone also functioning as a material gas
- inlet and a pellet-shaped catalyst in a reaction zone
 also functioning as an outlet. .

zoE In the present invention, the catalyst layer in
each reaction tube is divided into two or more portions
in: the axial direction of the tube to form a plurality of
reaction zones,' In these reaction zones are arranged a
plurality of catalysts of different adeVities as men-
tioned above, in such a uéy that the activity of filled
éatalyst becomes higher as a material gas proceeds from
the inlet to the outlet. That is, a catalyst of lowest
activity is arranged in the reaction zone also'function-
ing as a material gas inlet, and a catalyst of highest
éctivity is arranged in the reaction zone also function-
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gterial used in the present invention is at |east one

a reaction ordinarily in the formof a m xed gas further
Dl ecul ar oxygen, steamand an inert gas (e.g. nitrogen, carbo
... The catal ysts used in the present invention are conpound
sented by the above- nenthoddd-general formula (1). The nethod
g the cat t eri r e no
*;ﬁgtﬁd?l'ﬁ%égé{ndlta%&c&aﬁil@%t S sé\lac;h gpﬁ%ﬁﬁpb@@gynpl oy| ng th
‘ﬂiﬁ? 11t g@n@#%ﬁl@siéeﬁﬁ HRr e e B Y b &%

n# he, » esHVigEd £ mulm-niplriai inot cdpetad adnest s of

V:rdaas ) eac r $ﬁesented b gﬁyeral formula (1) are
& aﬁgbéaihedntﬁﬁ%? RPN BT %ﬁr%%ﬂb The catal ysts of

fiactiviti es fpe Easgey tiee prumdee e dobHyr eactyi oy 2drees yﬁmsnedld/ or

(B 00

AR "‘ A i frbe

3T "0 00 70O -

£Ofe upé disteiRutior o aeartisen emre@ﬁ-frdfﬁvem@nq net al
m “2}6 va?rétajt_é

ormu 1)])_.and further by varying the firing

_ T%‘? iy %'ﬁéﬁﬁi@mfpﬁd@b h)’edlaifsye: Nk tdieg fdifd Ny tigreer a]E ure
: e oye In ca arat i on a 1,V irin
dnpoe} othaRes eeat ‘?@%%ﬁﬁ/%%ﬁ Fehé cgataelyst 9

‘of each reactlon zone. De51rably, the division ratio is

approprlately selected so that the overall activity and

:select1v1ty become optimum.
The gas phase catalytic oxidation reaction of

the present invention may be carried out by an ordinary
;pingle—pass method or a recycle method. The oxidation
eaction can be effected under the conditions generally
_iF?.employed in similar reactions. For example, a starting
aterial, i.e. a mixed gas consisting of 1-10% by volume

r't—butanol and methyl t-butyl ether, 3-20% by volume of
molecular oxygen, 0-60% by volume of steam, 20-80% by
‘'volume of an inert gas (e.g. nitrogen, carbon dioxide),
etc. is introduced into the above-mentioned reaction
;zones at a temperature range of 250-450°C at a pressure
‘of normal pressure to 10 atm. at a space velocity (sV) of
'300-5 006 hr* (sTP).

_ In the present process, as compared with con-
;ventlonal processes, particularly excelIent results can
be obtained under high-load reaction conditions employed
for higher productivity, for example,. under the condi-
tions of higher material concentration or higher space
'zeloeity. |
[Effects of the Inventionl

In the present invention, various meritorious

This Sheet Has

[T

ct by _
by atriAges i G AOn L 0 e adle] I BAE Bnd UL 5 (C

esgaeoymﬂwtmlawst Pretiasien el rqanty be EPeCk ysts

n

e

1)

S

"Sﬂ’éé bn nagker 1 £ ¥ ¢ her @l O £ rafdehaneci fied

[

d fromisobutyl ene, t-butanol and nethyl t-butyl ether, and

aced

|

Ty -y

o e b kbt s < et kb




g teactl O.

fE=cat al yst s.
'ring tenperature enployed-in catalyst preparation in the

en is, as nenti oned above,

- 15 -~

FectS such as mentioned below can be obtained by £il-
'g a plurallty of particular molybdenun—based catalysts

fferent activities into a plurality of reaction

formed by dividing the catalyst layer in each

n tube, in such a way that the activity of filled

ecomes higher as a material gas proceeds from

“dl

atalyst b

ﬁthe jnlet to the outlet.

(a) ‘Methacroleln and methacrylic acid can be

(b) Heat build-up in hot spots can be suppres-

ed effectively.
(c) The excessive oxidation reaction in hot

lspots can be prevented, and intended methacrolein and

methacrylic acid can be obtained at high yields.
(d) Catalyst deterioration due to thermal load

can be prevented and stable use of catalyst over long

-

.period is possible.
(e) Intended methacrolein and methacrylic acid

‘can be obtained at high yields even under high-load

‘reaction conditions (e.g. high material concentration,

.high space velocity). As a result, significantly in-

wcreased productivity can be obtained.
Further, the following effect can addltlonally

be obtained by the use of ring-shaped catalyst. .
(£) Pressure loss in catalyst layer is re-

;duced, whereby electricity consumptlon can be lowered.
Thus, the process of the present invention is

ivery useful for industrial production of methacrolein and
-methacrylic acid.

‘~[Examples]
U The present invention is hereinafter described

more specifically with reference to Examples.
Lo Conversion, selectivity and total per-pass

yvield are defined by the following formulas.

adr e

_

This Sheet Has

LN




#C, preferably 450-550[err]C When the firing tenperature

an 400[err]C, no sufficient catalyst activity is obtained.

when the firing tenperature is higher than 600[err]C the

iy catal yst activity is low owing to the occurrence of sintering,

erefore, such firing tenperatures are not preferable. Wen the

tenperature difference is less.than5[err] C between any two

s, the resultin? ca&ah¥st ?cgivity di fference caused by the firing
e di ffEPBKEESEEY NEOtFi &l ent between these catalysts; therefore,

i ng. t enper atmodedi bfestacting matepialeraprbedihe (meiag

ure dif- ferepc o spne agi | arge and is generally

riC,‘preferabﬁg Eﬁggg?ggr%gﬁgrggm E%ﬁglﬁrgF?ty of catalysts of

ol ed acti vicelestavétyr pated®by=varying the type and/or amount and

-T’r'zjn_g telm perat(mfbgﬁe,rrghpmedhharaabahyst mée?acaygma. a&ha t hus )

ft'ed gcat al ysts are fi into.reaction_zones forned_by g the

yst | ayer of eacﬁ°F@§9?i6nQ9858? P EgEHQé“ﬂaWa Rat @ hégé§#?§?ty of

¥t cat al yst becongsibbgher as a material gas proceeds fromthe inlet

-

e outlet. In this _casethe. u e_B group elenent(s) is
B ably such FH&?ifPg%‘g?é%1§igﬁahghoﬁ% Ehlﬁ ig thg general(férnula (1).

o cat al yst <modescofdmetbacrpdednt anfdsmetBRCEBALFORFEE activiti es

oned. above are fiblfidddnLO (de esCRE! seartingeRaterTad rgadli viding the
¥ yéer of each reaction tube, in such a way that the activity of

1 yst -beconm®s108i gher as a material gas proceeds fromthe inlet

Lk eéx ample 1
' 1,456 g of cobalt nitrate and 202 g of ferric

nitrate were dissolved in 1,000 ml of water. 243 g of
W#fgﬁfbigmuth nitra?e was disso}ved in an aqueous nitric ac1§

“solution consisting of 30 ml of concentrated nitric acid
: nd 120 ml of water.

= Separately, 1,059 g of ammonium paramolybdate

nd 265 g of ammonium paratungstate were dissolved in
37000 ml of water with heating. To the resulting aqueous
“golution were dropwise adde¢d the above prepargd two
queous solutions, and mixing was carried out. Thereto
ore added an aqueous solution obtained by dissolving
8.3.g of cesium nitrate in 200 ml of water, and 203 g of
1lica sol of 20 weight % concentration in this order,

2:20

- and mixing was carried out.

Fan - The thus obtained'suspension was stirred with
fhEﬁEing, and subjected to evaporation to dryness. The
esidue was molded into pellets of 6 mm in outside dia-
“ter and 6.6 mm in length. The pellets were fired at
00°C for 6 hours in an aii stream to obtain a catalyst
(I). - This catalyst (I) had the following composition in
erms of atomic ratio excluding oxygen. '

B Molzszil}.=‘e1ColOCso..TSil.35

- A catalyst (2) was prepared in the same manner
as in the preparation of the catalyst (I) except that the

_—
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¢invention, "actvity" refers to the conversion of starting
ghe net hod accordlng to the present invention is preferable

i ves hi gh conversion of starting material and high

~Ies of intended products and, as a result, gives intended

it’ high yields. In this nethod use of a pIuraIity of catalysts
pol._by varying the type and/or anpbuh? of at |east one el enent sel ected

gr ou Sidthiftrdthewdy chamydw 4o f8 rd ng tierger at ure
‘S‘/%t prepg}%{ Itghé art | cuI ar Ic?/ r.ef erablte be- ause it
ol bty el G Topimg, £ MR 187 15 hetSATE e
odug @ @Irguiﬁlgmaﬂuﬁnngrnxygen case, the firing tenperature I n
a

_'épﬁ lon is,var t range f 400-600[err] C so that the
enpef at ure dlﬁ?elrkwrﬂzeéejllbﬁ% &e Ca;l hé\}d-@étalysts of the plurality

al-y'sts becones atWi@aslte%i{%?ﬁf]‘@ the actH it tah Wiy sts

vesd or ﬂpr Oge(ﬂ“ e C@ét?él)ﬁﬁét ach)i \Hds/ .a fmd;néls a@@wﬁfomamat i on
hie B gF enent(s gi ves,a catal yst of signif cant roved
ty but. eﬁermatmfed o &ﬁl’\ﬁt‘i}ealfhérﬁ“bdﬁﬁlro?ﬁlblf st‘i%gé‘fqgn used is

?Lg{jgrgb%m ?I edlﬂgdjﬂﬁﬁeé ?E a)fd)[mrs{/hzﬁml g{laﬁ%ﬂe.g(t:)denum used i sI 12. bove
¢t he. present net h(b)yd%& ’@r pcrgs,i 1€ r}f el ca'-t aWst agctlf)ﬁldjt%/é]b%%r%ha i on of
t corrp,9§tét£)é'1 agals finlety pqarmmzatqfr @ ehee Irmbde tr et on ctuke
Iac [ of el AN RIAGLY 4 B¢ Al dF Alhy| Allener () | ong
ti naf dw%sent I nvention 1S presune ave t% fol l ow ng
,wWas fllled into the material gas outlet portion.

A mixed gas of a composition consisting of 6 %
. by volume of isobutylene, 13.2 % by 'volume of oxygen,
:10 3 by volume of steam and 70.8 % by volume of nitrogen
:was introduced from the 1n1et of the reaction tube, and a
-reaction was carried out at a reaction temperature of
=340°C at a space velocity (SV) of 1,600 hr -1, The re-
sults are shown in Table 1.
~Comparative Example 1
Sa A reaction was carried out in the same manner
.as in Example 1 except that no catalyst (2) was used and

56n1y the catalyst (1) (1,500 ml) was filled. The results
-are shown in Table 1. '

-Comparative Example 2
A reactlon was . carrled out in the same manner

as in Example 1 except that no catalyst (1) was used and
only the catalyst (2) (1,500 ml) was filled. The results
care shown in Table 1.

-
andur o

'o -Comparative Example 3
A catalyst (3) was prepared in the same manner

';as for the catalyst (1) of Example 1 except that the
amount of cesium nitrate was changed to 39 g. - This

. catalyst (3) had the following composition in terms of
-atomic ratio excluding oxygen.

“ﬁﬁ'iimi'iifﬁﬁi“uﬁm



Al yst activity is made possible by varying the chem cal

hysi cal properties or both of catalyst. Control of

/ity by conposition variation is believed to bring about

them cal properties of catalyst. Such variation gives rise to

catal yst adsorbability for starting nmaterial (isobutylene.

"~ methyl t-butyl ether),-d8 variation of renovabi I|t¥ of

fhacrol ein and,_pet hacry dbuErQﬁleEEabyme maAn8t catal yst

select|@|F9a8Fé°n 985 Lhgrgeh 31 \wariasi qn, gbofiring

Pq@ uoexoaptlbbﬁé ﬁBﬁYoﬁS§ £8t2aYation of cheni cal

ﬁé aIIk%etggrgghumqonstabel|tﬂheoﬁe§&ﬂéﬁy§fe but al so

. fwaﬂnﬁﬁ ropertles (nanely, speC|f|c surface area por e

rlbutl Prrapilepdr-e di ameters) of catal yst. fig? q that

bey '”9 e]ftt M algprediateddadn throdR Sté’ et a catal yst

al ~prop I'es m)st swta | dH X réact dﬁnaand as. a

:-rg coipix 3t ierqiExampleq 15 %géﬁgc?fbon fo:}g

EA™nd et hacywd i, adiel catatymfer (B I%s ar ehfenerat ed in
S* nent | oned pr evi ytoé-gpcgaerqyaa apkelhRBLS| yst s

ghaathamprEEEH? es and prefer g Yo SYSE; 6 PhYShCcs a

pt|n¥5§¥g@nspétemiafy§h% mass%% %%ﬁleve mherebghhlgh

catal yst, | ifeahaypskeerl) eahdzéadl s gives a

1d and produces intended methacrolein

352

opbination
' e
otal per—pass yi
oa methacryllc acid at high yields.
2 Wwhen the catalyst (3) havin o
mediate between those of the catalysts (1) an

: atalyst system of the present

bination of the catalysts (1) and

h is a com S
(3) gives a lov total per-pass yiel

a very large temperature difference ( a very large
action temperature and the hot spots
Therefore, it is thought that catalyst

n due to thermal joad is striking in the

Accordingly, it is appreciated that the
having substantially the

t catalyst system is unable

g a composition

;nte
1s¢compared with the ¢
1nvent10n whic
2), -the catalyst

and:
;ZSE).between the re

temperature.
,deterioratio
atalyst (3).

ingle use of the catalyst (3)

- Same composition as the presen

effect of the present invention.

o achieve the

Example 2 _ ' .
: A reactlon was carrled out in the same man

at both the catalyst (1) and the

£ 6 mm in outside

de diameter of

as in Example 1 except th
catalyst (2) were molded into rings ©
6.6 mm in 1ength and 1 mm imihsi

diameter,
The results are shown in Table 1.

through-hole.

Comparative Example 4 e
| A reaction was carried out in the sam

st (1)
as in Comparative Example 1 except that the cataly

i 6 mm
molded into rings of 6 mm in outside diameter, 6.
eter of through-hole.

S

T was
- in length and 1 mm in inside diam
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ed in the present invention can be made into nol ded
rdi nary nol di ng nethod such as extrusion nol di ng net hod,
fret hod or the like, or into supported catal ysts by all ow ng
ctive carrier (e.g. silicon carbide, alumna, zirconium
oxi de) to support a catal yst conmponent, i.e., a conmpound
ed by the general for mutd (1). The types of a plurality
lled into ée@%w&nlriormlemy be the sane or different. Wen
pespbbEt on zone is, for exanple, 2, it is possible to
oL g cat Bkgmpl a reaction_zone al so functlon S
o %? ang fed® tﬂed was atgeried aufehpt FBAR §8ﬂ5éa §QZ§Q
45._an out apesx8é EhEhﬁat ahyscata rati 62) he
9& gncbupéfﬁﬁlﬁﬁnggﬁPfg ?estrlgtlg dEQﬂeQ@ ang .8f mm
e ﬁgganmatoshapes pfn§ EMapB, OBFEL ase of ! ri.ng- shaped
B cul ar 1CRR ghVQnEQBéOBSaQétamta@e@hgeéﬁ hgbodfavention of

ngdd & gts |ncreaseg ﬁi ?, prevention of catal yst
Q@ pm@s§bP@“l6§s PREatal yst layer, and the Iike.
. —s a tapdet € can be preferably used in the present

x Ie d|nen5|0 S rﬁ@% loutd s aprd saatealmpginerar e such

1
e. dl arm“t er,eapé; i::;?’nple 3 he?cce%rt]:gtth It the catalyst (3)

s of 6 mm in outside diameter, 6.6 mm
de diameter of through-hole.

into ring
and 1 mm in insi

lts are shown in Table 1.
In Example 2 and Comparative Examples 4-6, the

’é .s of the catalysts (1) to (3) were changed from
hee It is- appreciated from the results of

3 1iets to rings.
-Pe Je 1 that the change of catalyst shape to rings gives

m;i;;ement in yiled and reduction in AT in all of the
talysts (1) to (3), but the catalyst system of the

p. sent invention using the catalysts (1) and (2) in .
cﬁmblnatlon gives a higher. yield and a lower A T than e

1ﬁ§1e use of the catalyst (1), (2) or (3).

Example 3

e - as carried out in the same manner

A reactlon w
xcept that the reaction was carried out

ample 1 e
A e The results are

}for a long period of time (4 000 hours).

shown in Table 1.
' It is appreciated from the results of Table 1

th;t activity reduction is very low even after Fhe re-

aétlon 4,000 hours, yield reduction is-substantially
f the present inven-
ble, and the catalyst system o
negllgl ; long period of

"tion enables very stable operation over a

~time.

'Comparatlve Example 7

A reaction was carrled out 1
t that the reaction time

n the same manner

as in.Comparatlve Example 3 excep

-This Sheet Has Been Reﬂ
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nes may be the same or different. Wen the number of the

fﬁ' s is, for exanple, 2. good results are obtained by arranging a

atalyst in a reaction zonge 20 -

- as changed to 4,000 hours. The results are shown in

pable 1.
It is appreciated from the results of Table 1

t;a; in Comparative Example 7, as compared with Example
'3, activity reduction and yield reduction are both large
and the catalyst has a problem:in stability.

Example 4 A

A reaction was carried out in the same manner
as in Example 2 except that the reaction'temperature was
“anged to 360°C and the space velocity was changed to
3,000 hrl. The results are shown in Table 1.
camparat1ve Example 8

A reaction was carried out in the same manner
aé.ln Comparatlve Example 4 except that the reaction

¢ perature was changed to 360°C and the space velocity

_changed to 3,000 hr “l. The results are shown in

Bxample 5 .
g ' A reaction was- carried out in the same manner
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er The shapes of a plurality of catalysts filled into




al s iNCtioning as a material gas inlet and a pellet-shaped catalyst in a
rea on zone al so functioning as an outlet: In the present invention,

t he gt al’'yst |layer in each reaction tube is divided into two or nore -
port#®ns in the axial direction of the tube to forma plurality of reaction

zoné In these reaction zones are arranged a plurality of catalysts of °
diff'@ent -activities as nentioned above, *n such a way that the activity of
fill catal yst becones higher as a nate% gas proceeds fromthe inlet to

the Jutl et. TomparatiyecFxampdie 30 | owest activity is arranged in the

reacgi on zone al so funmtw%%m&go&Sw%sﬁ%k%&léh dat iinl ehe 23Rthem@Rndlyst of
hi ghist act|V|t5I£In ? arran %&the reaction zone al so functlonln as a
e

nat effi al gas 3Su mgﬁfﬁ &f e¥<sPlr shaty the ProRorsio
di f f@rent acwifviisobatydleae mmdpmatwbb@ntQnsmﬂméeislhga@ bumbdchpngadhot

spot and ob | nt.en roqj t h h_vi.el ds ger o
nu r %t?o% %gnggﬂ §$395H£§§d%V|dP% V%ﬁ&“@atéﬁi§F°t§y§? "t he 8a3|er
is the contr@BS@ﬂtﬁeﬁgerém@M@ dinsflabdet len in reaction zones. However, 2 or

3 rguction zggﬁ?agagl§@f%&b%&h@qutta|n an’intended effect |ndustr|ally
The @i vi sion ratio cannot be specified in a particular range because it

di fffers by the conposi fi 882N Wag: cargd efe oPssibs $bE BRMENBABRLE| yst of
eacly r eact i oaszane Colpairaalive, Ekh&pdeBSbQ&eb%ttﬁatstﬁéprBbeEQbhsse|eCted

;ﬁa aéaigfyg_eagkkﬁiyﬁgﬁer %bgg%LéBL%@ggﬁfnﬁnﬁgﬁtVSﬁenﬁyaﬂgegarrled

It is appreciated from the results of Example 5
and Comparative Examples 10 and 11 that even when iso-

15 butylene concentration is increased, the catalyst system
of the present invention using the catalysts (1) and (2)
in combination shows superiority in yield and AT over
the catalyst (1) or (3). The present catalyst system, as
compared with the single use of the catalyst (1) or (3),

20 gives a considerably small increase in A T of catalyst
layer, in particular. Therefore, it is thought that
catalyst arrangement as in the present invention is
effective for minimization of catalyst deterioration
caused by thermal load.

25 Example 6 )

A ;eaction was carried out in the same manner
as in Example 1 except that isobutylene was replaced by
t-butanol. The results are shown in Table 2.

Comparative Example 12

30 A reaction was carried out in the same manner

-.va"

as in Comparative Example 1 except that isobutylene was
replaced by t-butanol. The results are shown in Table 2.
Comparative Example 13
A reaction was carried out in the same manner
35 as in Comparative Example 3 except that isobutylene was
replaced by t-butanol. The results are shown in Table 2.
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reacti'gns. For exanple, a starting material. i.e. a m xed gas consisting of
1-10% gy vol une of at |east one conpound selected fromi sobutyl ene.

t-but apol and nmethyl t-butyl ether, 3-20% by vol unme of nol ecul ar oxygen,
0-60% Py vol une of steam 20-80% by volunme of an inert gas (e.g. nitrogen,
car bongdi oxi de), etc, is introduced into the above-nentioned reaction zones
at a tgnperature range of 250-450[err] G @2 a pressure of normal pressure to
1. 013 gPa (1OE§5gb1ea§ a space velocity (SV) of 300-5,000 hr[err] (STP):

In theg present process, as conEared wi th conventi onal Brocesses,
parti il arly excel | ent Pe(BREEILANWRE BBTAFREdOBRJAP KPEhSPBRJ™ABREE on .

congit ons epaﬁoyﬁdEkampmegﬁeérﬁépﬁU€hatltheréOWaexﬁﬁﬁaea mad6t1?megas

condi tgons o i gk e ntra vel ocity

In thd presenf® P%&géfpgn o ér?oﬁé n§$??8r%g §e§§¥2 gs gﬁg ﬁéntloned

bel owfan e dME&Ehedlby2f%lanQObUpEUDﬁIpxygeﬁ,paﬂt&cbyaVO&Dmybdénun}based

catal i3 o dLEhAr aRb AeLbVe! bySvblbAedop! HiBkbb¥nol ehgagkaaRigANCS for med
by di \@ ding the cata yst l'ayer 1n each reaction I n such hat
the adivity semperrédreavasyshangednte RPGREr 2ad shpnseRral vEASChHEYceeds

from ghe i nl ef,ak0chhfgest £6t1,000 hrld)l MephBageahets aed BRbhAciyl ic acid
can b@ obtained at high yields. (b) Heat build-up in hot spots can be

suppr gssed ef FPLRvEry.
10 Comparative Example 14

A reaction was carried out in the same manner
as in Comparative Example 4 except that there was used a
material gas consisting of 5 § by volume of MTBE, 13.2 %
by volume of oxygen, 10 % by volume Of steam and 71.8 %
by volume of nitrogen, the reaction temperature was
changed to 360°C and the space velocity was changed to
1,000 hr *. The results are ‘shown in Table 3.

15

ke L

Comparative Example 15
A reaction was carried out in the same manner

as in Comparative Example 6 except that there was used a
material gas consisting of 5 % by volume of MTBE, 13.2 3%
by volume of oxygen, 10 % by volume of steam and 71.8 %
by volume of nitrogen, the reaction temperature was

_ changed to 360°C and the space velocity was changed to
25 1,000 hr™l. The results are shown in Table 3.

2 IVAL St by 2 ey g
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Example 8
A catalyst (4) was prepared in the same manner

as in Example 1 except that nickel nitrate was used in
{?', place of cobalt nitrate, phosphoric acid was added after
the addition of ammonium paratungstate7’§ubidium nitrate
was used in place of cesium nitrate, stannic oxide was
added after the addition of rubidium nitrate, and
aluminum nitrate was used in place of silica éol..

This catalyst (4) had the following composition
35 in terms of atomic ratio excluding oxygen.
Bi3Fe1Ni7Rb1P0.2Sn0.5Al1

RSHCR A,

30

M012W2
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(c) Thg excessive oxidation reaction in hot spots can be prevented, and

| pt endgd net hacrol ein and nethacrylic “acid can be obtained at high

yi el ds (d) Catalyst deterioration due to thermal |oad can be
prevenfed and stable use of catal yst over long period is possi bl e.
(e) I'gended nmethacrolein and nethacrylic_acid can be obtained at high

yi el dsf even under high-1oad reaction con23 - ditions (e.g. high material

concerfrati on, hlgh SpagecyehDEELY)S) Asad pe&péfedSigntﬁecﬁﬂméymaﬂﬁéﬁased
produgkivity ca be o t he fg mnng ef f ect

P adil Ul ohafS e ar the rREATEOE 1) Lexcapt, FRRE CEhs otgap r)

Press@re | ossrulmidiuml| ystraébgeused wasuckangefier eby electr|C|ty consunpti on

can bff | over ed. ThiBs LUEaPyOLORS) Ohalinen' £5E bl AYCELROBs 1 81 YRTY

usefuf for industrial production acrol ern and nethacrylic acid
[ Exan@l es} in terms of atomic ratio excluding oxygen

M012W2B13Fe1N17Rb0.2 0.25n0.5A11
. 750 ml of the catalyst (4) was filled into the
gas inlet portidn of a steel-made reaction tube of 25.4
mm in diameter, and 750 ml of the catalyst (5) was filled
10 into the gas outlet portion.
A reaction was carried out in the same manner
as in Example 1. The results are shown in Table 4.
Comparative Example 16
A reaction was carried out in the same manner
i 15 as in Example 8 except that no catalyst (5) was used and
only the catalyst (4) (1,500 ml) was filled. The results
are shown in Table 4. B
Comparatlve Example 17
A reaction was carried out in the same manner as
20 in Example 8 except that no catalyst (4) was used and
only the catalyst (5) (1,500 ml) was filled. The results
are shown in Table 4.
Example 9
- A catalyst (6) was obtained in the same manner
?"'“~25- as in Example 1 except that no ammonium paratungstate was
used, cesium nitrate was replaced by potassium nitrate,
;; : lithium nitrate, magnesium nitrate and calcium nitrate,
- titanium dioxide was used in place of silica sol, and
cerous nitrate and niobium pentoxide were used finallyQ
30 This catalyst (6) had the following conposition in terms
of atomic ratio eicluding oxygen. -
MO, ,Bi;Fe;Co; oKy ,Lij sCag ,Mgy ,Nby 5CeyTiy
- A catalyst (7) was prepared in the same manner
%5"5;. as for the catalyst (6) except that the amounts of potas-
i .35 sium nitrate and lithium nitrate were changed. This |
catalyst (7) had the following composition in terms of

This Sheet Has Been Reﬁlaced




The bre.

ref eren
yield a

Conver g

react ed

ent invention is hereinafter described nore specifically with

e to Exanpl es. Conversion, selectivity and total per-pass
e defined by the foll ow ng fornmules.
on (nmole %9 = " (noles of starting materi al

+ (moles of starting material fed), x 100

atomic ratio excluding oxygen.
MolzBilFelCOIOKO.SLiO.2ca0.ZMgO.ZNbO.ScelTil
750 ml of the catalyst (6) was filled into the
gas inlet portion of a steel-made reaction tube of 25.4
5 mm in diameter, and 750 ml of the catalyst (7) was filled
into the gas outlet portion.
A reaction was carried out in the same manner
as in Example,1t The results are shown in Table 4.
Comparative Example 18
A reaction was carried out in the same manner

*0 as in Example 9 except that no catalyst (7) was used and
only the catalyst (6) (1,500 ml) was filled. The results
are shown in Table 4. '

Comparative Example 19 '

15 A reaction was carried out in the same manner
as in Example 9 except that no catalyst (6) was used and
only the catalyst (7) (1,500 ml) was filled. The results
are shown in Table 4.

" Example 10
20 A suspension was prepared in the same manner as

in Example 1 except that_no ammonium paratungstate was
used, thallous nitrate and strontium nitrate were used in
place of cesium nitrate, then there were added tellurium
oxide, lead nitrate and zinc nitrate, and titanium

25 dioxide was used in place of silica sol.

_ The suspension was stirred with heating and
subjected to evaporation to dryness. The residue was
molded into rings of 6 mm in outside diameter, 6.6 mm in
length and 2 mm in inside diameter of through-hole. The

3-30 rings were fired at 500°C for 6 hours..in an air stream to
| obtain a catalyst (8). -This catalyst (8) had the follow-
ing composition in terms of atomic ration excluding
oxygen. |

MolzBilFe3Co7T10.7Sr0.3Te0_3PblZn0_5Ti1

-35 A catalyst (9) was obtained in the same manner
as for the catalyst f8) except that the amount of thal-
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Selectivity (mole % =
s of nethacrolein or nethacrylic acid forned) + (noles of starting
nmat efi al reacted) x 100 Tot al
per-pass yield (nole %9 = (rmol es of nethacrolein and

hcrylic acid formed) + (noles of stfgting material fed) x 100

lous nitrate used was changed. 'This catalyst had the

P

following composition in terms of atomic ration excluding
oxygen.
MolzBilFe3Co7TloOOSSrO.3Te0_3PblZnO.5Til :
5 750 ml of the catalyst (8) was filled into the |
gas inlet portion of a steel-made reaction tube of 25.4 ' g
mm in diameter, and 750 ml of the catalyst (9) was filled §
into the gas outlet portion.
A reaction was carried out in the same manner |
10 as in Example 1. The results are shown in Table 4.
Comparative Example 20
A reaction was carried out in the same manner
as in Example 10 except that no catalyst (9) was used and
only the catalyst (8) (1,500 ml) was'filled. The results
15 are shown in Table 4.
Comparative Example 21
A reaction was carri;d out in the same manner
as in Example 10 except that no catalyst (8) was used and
only the catalyst (9) (1,500 ml) was filled. The results
20 are shown in Table 4.

Example 11 - _ ﬁ
A suspension was prepared in the same manner as

in Example 1 except that cesium nitrate was replaced by
potassium nitrate, barium nitrate and beryllium nitrate,
25 then there were added antimony trioxide and manganese
nitrate, and silica sol was replaced by zirconium
nitrate. '
Using this suspension, a catalyst (10) was
prepared in the same manner as in Example 10. This
30 catalyst (10) had the following composition in terms of

atomic ratio excluding oxygen. ,
Mol2wl‘sBilFel.2C05Kl.éBa0_2Be0.2Sban0.SZrl
A catalyst (11) was obtained in the same manner
as for the catalyst (19) except that potassium nitrate
35 was replaced by sodium nitrate. This catalyst (1l) had ;
the following composition in terms of atomic ratio ;
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Exampl § 1-a 1.456 g of cobalt nitrate and 202 9 of ferric nitrate were
di ssolfged in 1.000 m of water. 243 g of bismuth nitrate was dissolved in
an aqugeous nitric acid solution consisting of 30 m of concentrated nitric
acid ghd 120 m of water. Separately. 1.059 g of ammoni um par anol ybdat e
and 2gb g of anmoni um paratungstate were dissolved in 3.000 mM of water
beinggstirred with heating. To the resul t%‘fhg' aqueous sol ution were dropw se
added ft he aboa#c BrENG QX®IMN -aqueous sol utions, and m xi ng was carried out.

Therefo were added an aglequs sl .gtd on chig.ned Yy . HSSalan ngh 68.23.9 of
cesiupnitrate in 200 ]cﬂ‘li/vg}srl, &n&%\(ﬁi 1 cap,llogt.’z@\/\éight%
conceltration in this drfem theisat Vet il led 4pEq e
obt aifhed suspgasiiol ewmpattiirgrednid s ted-ny e avhciipreaivse taf @spor ati-on
to drfgness. The resjdue was I I nt.0 ll.ets qf 6 j.,n ,outside di ameter
and @ 6 rmﬁi.r{""f elnngt l.aml%tee‘delr%%e‘f?%\?e?'g fdﬁtfetd“eatc%‘[yesrrgn] @}T)orwaﬁs hours in an
air g&reamtciobted nintadthe ygsts (Ehtd)et Peicticat.al yst (1 -a) had the
fol i‘@wi ng conposition i el g | i s i
Mo[efr]Werr]Bi[err] Fe[l{e]r%ﬁqéo%ierr]‘%ts erafﬁgéla%degrrf&hec égﬂ@gﬂm s in
Example 1. Thea-results are shown in Table 4.
; Comparative Example 22
2 10 A reaction was carried out in the same manner
as in Example 11 except that no catalyst (11) was used
and only the catalyst (10) (1,500 ml) was filled. The
results are shown in Table 4.
4 Comparative Example 23 _
, 15 A reaction was carried out in the same manner
3 as in Example 11 except that no catalyst (10) was used
and only the catalyst (11) (1,500 ml) was filled. The

results are shown in Table 4.
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Thi s

st (2-a) was prepared in the same manner as in the preparation of
5t (2-a) had the follow ng conposition in terns of atomc ratio

the ciéal yst (1 -a) except that the anount "of cesiumnitrate was changed to
ind the firing tenperature was changed to 480[err]C.

A cat §
9.8 g:
cat al \

excl ud

ng oxygen.
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of steam and 70.8 % by vol unme of nitrogen was introduced fromthe

I of the reaction tube, and a reaction was carried out at a reaction
te rature of 340[err]C at a space velocity (SV) of 1.600 hr[er] (STP).
The gesults are shown in Table 1-a. Conparative Exanple 1-a A
readtion was carried out in the same manner as in Exanple 1 -a except that

at al yst (2-a) was used and only theZ28atalyst (1 -a) (1.500 m) was
ed. The results are shown in Table 1-a. Conparative Exanple 2-a A

reagti opmwas Ccprried out tn (ne same nanner as 1 n exanpl e 1-a except that
ataly®t (1f{-a) was used and only the catalyst (2-a)| (1.500 m) was
ed. | THe rebults are shown in Table 1-a. Conparative Exanple 3-a
oP .
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29

This catalyst (3-a) had the follow ng conposition in terns of atonic

anpl e 1-a except that the anmount of césiumnitrate was changed to 39
excl udi ng oxygen.

A ca]zlyst (3-a) was prepared in the sane manner as for the catalyst (1 -

4

1
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ﬁ%[err]VWerr]Bi[err]Fe[err]Cb[erf]CS[err]Si[err] A reaction was
icarried out in the sane manner as in Exanple 1-a except that only the
‘catal yst (3-a) (1,500 M) was filled into the reaction tube. The results :
are shown in Table 1-a. Conparative Exanple 4-a A catalyst (4-a) and i’
a catalyst (5-a) were prepared in the same manners as for the catalyst (1
-a) and the catalyst (2-a), respett?@eTy except that the firing

t enper gt ures Gised 1 n tlhe preparations of the catalyst (1 -a) and the P
catalygt (2 a mere‘pcth changed e—580fpr+1€—730 m of the catalyst (4-a) |
was fil{l €8 nidot®e fdaction gas iqget pprtion, gnd 750 m of the catalyst
(5-a) fTllled into the outl et pq&tion Then, d reaction was carried out
in the maRRer—as—i n Exanple 1-A. &he resultd are shown in Table 1-a.
It is pprgciated fromthe resultg B exarpl & f?-a and Conparative Exanpl es
1-a to B-asthat the catalyst (1 -a)2hg 1‘&e§y$ w activity, the catalyst
(2-a) ha§ Bilgs actbvity, and bot h—oh & hem gi ve |a | ow total per-pass yield
while th v 0 o o : |
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cajjilfyst systemof the present invention which is a conbination of -the
catjll ysts (1-a) and (2-a), gives high total® per- pass yield and produces
i nifnded et hacrol ein and nmethacrylic acid at high vyields. When t he
caffl yst (3-a) having a conposition internediate between those of the
catjgl ysts (1-a) and (2-a) is com pared_with the catal yst system of the

prggent invention which is a conbi nat i"ort Yof t he catal ysts (1-a) and (2-a),

thigcatal y§T (3-a)] gives a low total per-pass yi¢ld and a very |arge

t ejfper at ur ¢ diiienenc% (a very Iange errLI) bggmeen the reaction

t esfber at ur ¢ heshd Rpd sot ehpsér & WBen Thereflore, it is thought that

cagbl yst ddt ation due to thernmal load is stfiking in the catal yst

(3 . Accgordi-pgly——i-t—i-s—appreci-ated-that—t-he—siingl e use of the catal yst

(3§p) having sub- |stantially the same conpositionf as the present catal yst

syfgemin uUnabbe tto achieve the effect of the présent invention.

FUulgt her, it Esk € das that Eorparatdve Example 44 is superior to
parative BxRplel F -3 B I3-&i0 Jekdang [Bdr]T but, inferior to

tgnple 1 -aoqgin? the catal ysts of the present iinvention in said

~@perties. s, fit is appreci ated that the varifation of the firing

Bperaturd Prn”addition to the variation of the é group elenents gives a

t her i nproved ?I,gment xample 2-a

kR o

AT eIk i a0 by Do i 10000 AT

/ catalyst (9) rings
/ catalyst (1l1l) rings

Single layer of catalyst (9) rings

Method of catalyst filling
Catalyst (10) rings

Inlet portion / Outlet portion
Catalyst (4) pellets / catalyst (5) pelle

Table 4 (Reaction conditions)
Comparative Example 16 | Single layer of catalyst (4) pellets

Catalyst (6) pellets / catalyst (7) pelle

Comparative Example 18 | Single layer of catalyst (6) pellets
Single layer of catalyst (10) rings

23 | Single layer of catalyst (11) rings

Catalyst (8) rings

Comparative 'Example 20 | Single layer of catalyst (8) rings

17 | Single -layer of catalyst (5) pellets
19 | Single layer of catalyst (7) pellets
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A réa@ Fon was carried out in the same manner as in Exanpl e 1-a except that

the capal ysts (1-a) and (2-a) were both nolFded into rings of 6 M in
outsi df diameter, 6.6 mMmin length and 1 nmmin inside dianmeter of
t hrougl- hol e. The results are shown in Table 1-a Conparative Exanple 5-a

lon was carried out in the sane ng ner as in Conparative Exanple 1-a
exceptgthat the catalyst (1-a) was nol de into rings of 6 mmin outside
di anet@er, 6.6 nmin length and 1 mmin inside dianeter of through-hole." The

resul are shown in Table 1-a. Conparative Exanple 6-a A reaction
was Gfrriedfoyt 1 njthe same manner as 1 n Conparat|ve Exanple 2-a except
t hat ghe catlahyst (2-a) was nolded into rings of § mMmmin outside dianeter
6.6 @ in IenSlhﬁand 1 mmin inside dianeter of through-hole. The results
are g 0V\ﬂ|rI@<bf:eL'iamtnhmc\ccokoomr~
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jg%;arative Exanple 7-a A reaction was carried out in the same nmanner
in Conparative Exanple 3-a except that the catalyst (3-a) was nol ded
into rings of 6 Mmin outside dianeter, 6.6 nmin length and 1 nmin inside
di aneter of through-hole. The results are shown in Table 1-a Conparative
Exampl e 8-a A reaction was carrlﬁg out in the sane manner as in

Conpar ative Exanple 4-a except that t catal ysts (4- a) and (5-a) were both
mol ded i nt Bxappye bfa6 nmin outside dianeter, 6.6 nmin length and 1 mMmin

I nsi de di aneter of twwghg bgleoblbe heephts aﬁa showg 68 Fablecl-a I'n

Exanpl es 2-a and Co tive Ex a, the sh S of t he
catal ysts %1t53t?dw? e $ a%?%vgﬁgﬁ ﬁ 308 mf of “water. fgf
bismuth nitrate was dissolved in an aqueous nitric acid

solution consisting of 30 ml of concentrated nitric acid

5
and 120 ml of water. ]

Separately, 1,059 g of ammonium paramolybdate
and 265 g of ammerium paratungstate were dissolved in
3,000 ml of water being stirred with heating. To the

10 resulting aqueous solution were dropwise added the above

prepared two agueous solutions, and mixing was carried
o out. Thereto were added an aqueous solution obtained by
’ dissolving 68.3 g of cesium nitrate in 200 ml of water,
and 203 g of silica sol of 20 weighé % concentration in
this order, and mixing was carried out.

5

. The thus obtained suspension was stirred with
heating, and subjected to evaporation to dryness. The
residue was molded into pellets of 6 mm in outside dia-
meter and 6.6 mm in length. The pellets were fired at

20 510°C for 6 hours in an air stream to obtain a catalyst

: (1-a). This catalyst (1-a) had the following composition
- in terms of atomic ratio excluding oxygen.

MolzszilFe1ColOqu_7Si1.35-

A catalyst (2-a) was prepared in the same
manner as in the preparation of the catalyst (1-a) except
that the amount of cesium nitrate was-changed to 9.8 g
and the firing temperature was changed to 480°C.

This catalyst (2-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

“°12W2511Felc°1ocso.1511.35 e ™

With respect to the activities of the catalysts
(1~a) and (2-a), the catalyét (2-a) has a higher activity
than the catalyst (l1-a), as is clear from the results of

Comparative Examples l-a and 2-a shown later.
750 ml of the catalyst (l-a) was filled into

the material gas inlet pértion of a steel-made reaction

) \
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g%l lets to rings. It is appreciated fromthe results of Table 1-a that
weiriation of the catalyst shape into rings gives an inprovement in

' and a reduction in AT in each case of the catalysts (1-a) to (3-a)

¥t he conbi ned use of the catalysts (4-a) and (5-a), but the catalyst

em of the present invention using theyjgatalysts (1-a) and (2-a) in
tube of 25.4 mm in diameter, and 750 ml of the catalyst
(2-a) was filled into the material gas outlet portion.

A mixed gas of a composition consisting of 6 %
by volume of isobutylene, 13.2 % by volume of oxygen,

5 10 % by volume of steam and 70.8 % by volume of nitrogen
was introduced from the inlet of the reaction tube, and a
reaction was carried out at é reaction temperature of
340°C at a space velocity (SV) of 1,600 he~l (STP). The
results are shown in Table l-a.

10 Comparative Example l-a
A reaction was carried out in the same manner
2 as in Example l-a except that no catalyst (2-a) was used
i and only the catalyst (1-a) (1,500 ml) was filled. The
results are shown in Table l-a. ‘
15 Comparative Example 2-a
A reaction was carried out in the same manner
as in Example l-a except that no catalyst (l-a) was used
and only the catalyst (2-a) (1,500 ml) was filled. The

results are shown in Table l-a.

Comparative Example 3-a

A catalyst (3-a) was prepared in the same
manner as for the catalyst (l-a) of Example l-a except
that the amount of cesium nitrate was changed to 39 g.

This catalyst (3~a) had the following composi-
tion in terms of atomic ratio excluding oxygen.

Mo, ,W,Bi,Fe;Co, (CSy ,6i; 35

A reaction was carried out in the same manner
as in Example l-a except that only the catalyst (3-a)
(1,500 ml) was filled into the reaction tube. The re-
sults are shown in Table 1l-a. ™
Comparative Example 4-1 .

A catalyst (4-a) and a catalyst (5-a) were
prepared in the same manners as for the catalyst (1-a)
and the catalyst (2-a), respectively, except that the
firing temperatures used in the preparations of the
catalyst (l1-a) and the catalyst (2-a) were both changed

_—
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on gives an even better yield and an even better [err]T. Exanples
A reaction was carried out in the-same nanner as in Exanple 1-a
hat the reaction was carried out for a |longer period up:to 4,000
8. The results are shown in Table 1-a. - It is appreciated fromthe
ikts of Table 1-a that even after Lhﬁsreaction of 4.000 hours, the
duction in catalyst activity is very ow and the reduction jn yield is
§ost-ant i al | yonsH G bl &%t t‘?\é\tth%é%?eﬁ]dlifst“’s‘fs’t A DL itlHe D Addht
iggventi ch en@,?éE@ea/@Jﬂorsltcﬁégetmﬁ ipBIlisormp e 1250 maeroﬁaotlﬂmg peri (r)\d of
onparatiyve EX e 9-a .. reacti.an arri Qut i.n the sane
Bnner-as | ncﬁ—ﬁﬂp‘éﬁfat ﬁ%’a&iﬁmfé’é&f E‘teopt"'ttheat(’\,\t/’f@e&' act 1S ’vvas'ﬁ"ceé’f’ri ed
i% foor .a | opgesaperdorodvag car o D) utolins . tHfhesames wlannmer esstiown in Tabl e

a. . h >y of t ] 9-a, th
" SRR L, L Ao S0 A 3 el S (he

It is appreciated from the results of Example

oy,

1-a and Comparative Examples l-a to 3-a that the catalyst
(1-a) has a very-dow activity, the catalyst (2-a) has a
high activity, and both of them give a iow total per-pass
yield while the catalyst system of the present invention
which is a combination of the catalysts (1-a) and (2-a),
gives high total per-pass yield and produces intended
methacrolein and methacrylic acid at high yields.
. When the catalyst (3-a) haVving a composition
intermediate between those of the catalysts (1-a) and
(z;a) is compared with the catalyst system of the present
inveniion which is a combination of the catalysts (l-a)
and (2-a), the catalyst (3-a) gives a low total per-pass
yield and a very large temperature difference (a very
o large AT) between the reaction temperature and the hot
spots temperature. Therefore, it is thought that
_catalyst deterioration due-to-thermal load is striking
in the catalyst (3-a). Accordingly, it is appreciated
that the single use of the catalyst (3-a) having sub-
stantially the same composition as the present catalyst
system in unable to achieve the effect of the present
invention. '
, Further, it is clear that Comparative Example
4-a is superior to Comparative Examples l-a to 3-a in
yield and AT but, inferior to Example l-a using the
catalysts of the present invention in said properties.
Thus, it is appreciated that the variation of the firing
temperature in addition to the variation of the B group
elements gives a further improved element.
Example 2-a

A reaction was carried out in the same manner

Thls Sheet
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=smal |, and there is no large difference in catal yst
een Exanple 3-a and Conparative Exanple 9-a. It is clear

gr Conparative Exanple 4-a appears even after 4,000 hours.
A reaction was carried qy in the same manner as in

“the superiority in yield, of Exanple 1-a of the present

except that the reaction termperature was changed to 360[err]C

TR é%P% %ﬂume@r] @SEP}esEmesraﬁulhﬁoahelﬁhQane Takle 1-a
R m t he resulﬁ gf Exanpl e 4-a and Conparative Exanple 10-a
fy23ftd yield, of the catalyst systemof the

ention u5|ngAIheacauahywas tarajedndug2ia) the sanmki nanhnem,

(1-a) was moldedinto rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-
hole. The results are shown in Table l-a.
comparative Example 6-a

A reaction was carried out in the same manner
as in Comparative Example 2-a except that the catalyst
(2-a) was molded into rings of 6 mm 'in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-
hole. The results are shown in Table l-a..
Comparative Example 7-a -

A reaction was carried out in the same manner
as in Comparative Example 3-a except that the catalyst
(3-a) was molded ‘into rings of 6 mm in outside diameter,

6.6 mm in length and 1 mm_in inside diameter of through-

'hole. The results are shown in Table l-a.

Comparative Example 8-a .

A reaction was: carried out in the same manner
as in Comparative Example 4-a- except that the catalysts
(4-a)- and (5-a) were both molded into rings of 6 mm in
outside diameter, 6.6 mm in length and 1 mm in inside
diameter of through~hole. The results are shown in Table
1l-a. _ '

In Examples 2-a and Comparatiwve Examples 5-a to
8-a, the shapes of the catalysts (l1-a) to (5-a) were
changed from pellets to }ings. It is apprecigted from
the results of Table l-a that the variation of the
catalyst shape into fings gives an improvement in yield
and a reduction in'[&? in each case of the catalysts.
(1-a) to (3-a) and the combined use of the catalysts

-
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sEB&E M usi ng the catal ysts (4-a) and (5-a) in conbination appears even when
t@space velocity is increased. Exanple 5-a A reaction was effected
i@ the sane manner as in Exanple 2-a except that the proportions of
i;obutylene and nitrogen in material gas were changed to 7 % by vol une and
.8 % by vol une, respectively The resy-+s are shown in Table 1-a. .

tanparatlve Exanple l1ll-a eaction was effected in the sane nmanner as
iy Conparati V&~ aﬂﬂﬁe‘if%)ex%%%ttbﬁa?aFﬂéyﬁFoﬁﬁ?F?%ngfth?sBze%%?Vlene and

trogen in {rﬁbeﬁtﬁbng@sm»@rensheaesﬂyges7(i/e»by aﬁauwandlﬁ%&n%ba—

bl une, respective sults I-n.Tabl e

h
$preci at ed Fi8ﬂ1?ﬁge?léﬁl%%e%fbﬁ&gﬁﬁlil§T§ ERT %Bn%%?g PoE %&anﬂ#e 11- a

thhat the suppxampleéy 3nayield and AT, of the catalyst systemof the present

pvention using the cajaiysteisd wak 8REridadbut"ifiFRe"8hhe maier ! he
i Y as in Example l-a except that the reaction was carried

out for a longer period up to 4,000 hours. The results
are shown in Tagbhle l-a. |
It is appreciated from the results of ?able l-a
0 that even after the reaction of 4,000 hours, the reduc-
tion in catalyst activity is very low and the reduction
in yield is substantially negligible and that the
catalyst system of the present invention enables very
stable continuous operation over a long period of time.
15 Comparative Example 9-a
A reaction was carried out in the same manner as
in Comparative Example 3-a except that the reaction was
carried out for a longer period up to 4,000 hours. The
results are shown in Table l-a. '
20 In each case of Example 3-a and Comparative
Example 9-a, the réductioqf in catalyst activity and
yield after 4,000 hours are very small, and there is no
large difference in catalyst stability between Example
'3-a and Comparative Example 9-a. It is clear therefore
-;m_gs ~that the superiority in yield, of Example l-a of the
- present invention over Comparative Example 4-a appears
even after 4,000 hours. '
Example 4-a _ _
A reaction was carried out in the same manner
30 as in Example 2-a except that the reaction temperature
- was changed to 360°C and the space velocity was changed
to 3,000 hour ! (STP). The results are shown in Table
l-a.
Comparative Example 10-a
35 A reaction was carried out in the same manner
as in Comparative Example 4-a except that the reaction

s Sheet Has Been Re[ilaced




g the catalysts (4-a) and (5-a) in conbination appears even when
| ene concentration is in- cerased. Exanple 6-a A reaction
d out in the same manner as in Exanple 1-a except that t-butanol
=i'n place of isobutylene. The results are shown in Table 2-a.

~ 38 -
. temperature was changed to 360°C and the space velocity
‘was changed to 3,000 hour -1 (STP). The results are shown

~—

B

-1n Table l-a.
It is appreciated from the results of Example

4-a and Comparative Example 10-a that the superiority in
_activity and yield, of the catalyst system of the present
.”invention using the catalysts (1-a) and (2-a) in combina-
t.tionr over the-tatalyst system using the catalysts (4-a)
: and (5-a) in combination appears even when the spaée
;fvelocity is increased.

P;fgxample 5-a

N A reaction was effected in the same manner as
..in Example 2-a except that the proportions of isobutylene
,-and nitrogen in material gas were cﬁanged_to 7 % by
;volume and 69.8 % by volume, respectively. The results
,;;re shown in Table l-a.

—Comparatlve Example l1ll-a

35 A reaction was effected in the same manner as
;n Comparative Example 4-a except that the proportions of
.isobutylene and nitrogen in material gas were changed to
7 2 by volume and 69.8 % by volume, respectively. The
results are shown in Table 1-a.

- It is appreciated from the results of Example
5-a and Comparative Example ll-a that the superlorlty in
yield and AT, of the catalyst system of the present
nvention using the catalysts (1-a) and (2-a) in combi-
nation, over the catalyst system using the catalysts
{4-a) and (5-a) in combination appears even when the
.ﬁsobutylene concentration is incerased.

xample 6-a —aren ™

§ A reaction was carried out in the same manner
as in Example l-a except-that t-butanol was used in place
f- isobutylene. The results are shown in Table 2-a.
"gomparative Example l12-a

e A reaction was carried out in the same manner
as in Comparative Example 4-a except that t-butanol was
used in place of isobutylene. The results are shown in

—_—
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Co&barative Exanpl e 12-a A reaction was carried out in the same nmanner
as-+in Conparative Exanple 4-a except that t-=butanol was used in place of
i sobutyl ene. The results are shown in Table 2-a. Exanple 7-a A

reaction was carried out in the same manner as in Exanple 2-a except that
there was used, as the material gas, a_m xed gas consisting of 5 % by

vol unme of nethyl t-butyl ether (NWBET.3f§f2 % by vol une of oxygen, 10 % by
vol unme of strebieaRda7?l.8 % by vol une of nitrogen, the reaction tenperature
was changeds%gmégg[ng] C and the space velocity was changed to 1, 000

hr[err] (ST e results are shown in Tabl e .3-a.
A reaction was carried out in the same manner

as in Example 2-a except that there was used, as the
5 material gas, a mixed gas consisting of 5 % by volume of
methyl t-butyl ether (MTBE), 13.2 % by volume of oxygen,
10 % by volume of steam and 71.8 % by volume of nitrogen,
the reaction temp&fature was changed to 360°C and the
space velocity was changed to 1,000 he™l (STP). The
jg results are shown in Table 3-a. '
Comparative Example 13-a
A reaction was carried out in the same manner
’ ' as in Comparative Example 4-a except that there was used,
as the material gas, a mixed gas codsisting of S % by |
15 volume of methyl t-butyl ether (MTBE), 13.2 % by volume
of oxygen, 10 % by volume of steam and 71.8 % by volume
of nitrogen, the reaction temperature was changed to ;
360°C and the space velocity was changed to 1,000 nrt ;
(STP). The results are shown in Table 3-a. :
20 Example 8-a :
A catalyst (6-a) was prepared in the same
manner as in Example l1-a except that nickel nitrate was f
used-in place of cobalt nitrate, phosphoric acid was :
i added after ammonium paratungstate, rubidium nitrate-was
used in place of cesium nitrate, stannic oxide was added
after rubidium nitrate, aluminum nitrate was used in
place of silica sol, and the firing temperature was
changed to 520°C. |
This catalyst (6-a) had the following composi-
tion in terms of atomic ratio excluding..exygen.
MolzszisFelN.i.?BblPo' .2 Sn0 . SAll
A catalyst (7-a) was prepared in the same
manner as for ‘the catalyst (6~a) except that the amount
of rubidium nitrate used was changed and the firing

temperature was changed to 490°C.
This catalyst (7-a) had the following composi-

—_
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CEnparative Exanple 1 3-a A reaction was carried out in the sanme
manner as in Conparative Exanple 4-a except that there was used, as the
material gas. a m xed gas consisting of 5 % by volume of nethyl t-butyl
ether (MIBE). 1 32 % by vol unme of oxygen, 10 % by volune of steamand 71.8
% by volune of nitrogen, the reaction tgmerature was changed to 360[err]C
and the space velocity was changed to 1000 hr[err] (STP). The results are
shown in Tabliien3ia. teEnasnpifeagomic ratAocekglyding6oxydeas prepared in the
same manner as in Exagpl eyl cePt pihat pni clkel nipyrate was used in place
of cobalt nitrate, phgg ﬁgﬁF?3§§ﬂ§R«£§0aa§8d2§?9 5A%ﬁnnniun1paratungs?ate,
rubi di um nitrate was dS8d™inof| &be SﬁtéégﬁﬁnﬁﬁFPSaVé? £idARA: 185Pde was

adﬁed a;teLtthQQEUHhabtr@b@ti@huGEnunsnbbuahadwaaeu&tdohntnbacefof silica
P2y k! PR R0 RS eS, 459 DUBRC RO LR RRE R, (7R, BB V"
oxygen. filled into the gas outlet portion. ‘
A reaction was carried out in the same manner
as in Example l«a?  The results are shown in Table 4-a.
Comparative Example l4-a

10 A catalyst (8-a) and a catalyst (9-a) were
prepared in the same manner as for the catalyst (6-a) and
the catalyst (7-a), respectively, except that the firing

' temperature was changed to 500°C in each preparation.
750 ml of the catalyst (8-a) was filled into the reaction

15 dgas inlet portion, and 750 ml of the catalyst (9-a) was
filled into the reaction gas outlet portion. A reaction
was carried out in the same manner as in Example 8-a.

The results are shown in Table 4-a.
Example 9-a '

20 A catalyst (l10-a) was obtained in the same
manner as in Example l-a except that no ammonium
paratungstate was used, cerium nitrate was replaced by
potassium nitrate, lithium nitrate, magnesium nitrate and
calcium nitrate, titanium dioxide was used in place of

’ 25 silica sol, finally there were used cerous nitrate and
niobium pentoxide, and the firing temperature was changed
to 520°C.

This catalyst (10-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.
30 Mo, ,BijFe,Coy oKy HLig 5Cag oMoy ,Nbg 5Ce Ty
A catalyst (ll1-a) was prepared in the same
manner as for the catalysi (10-a) except that the amounts
of potassium nitrate and lithium nitrate used were
changed and the firing temperature was changed to 480°C.
35 . This catalyst (ll-a) has the following composi-
tion in terms of atomié ratio excluding oxygen.

R
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.err]VWerr]Bl[err]Fe[err]N|[err]Rb[err]P[err]Sn[err]Al[err] A

5t al yst (7-a) was prepared in the same nenner as for the catal yst (6-a)
except that the amount of rubidiumnitrate used was changed and the firing
tenperature was changed to 490[err]C. This catalyst (7-a) had the
foll owi ng conposition in terns of atom &élrati o excl udi ng oxygen

(%o} B F P S 750 n
of the oatal yst (6.4 SE2TINT O OHD el i 21 9pet 1 e 11 Bkt ool - made

reaction tube of 25. 4 HA |W11 oﬁ%n‘é@%rcam%o(m of wae EBlEgsinkg-a) was
filled into ¢{fhe gos Mé@tp@@ﬁdr@rbf a stéemﬁ&&é%a@@l&@riu@éi ggt in the

o arat i ve Bt Exxlrilmé;ameéj‘er, $0d 5750 a1 %0F NS Baldry sl Bl

5 was filled into the gas outlet portion.
A reaction was carried out in the same manner as
in Example l-a. The results are shown in Table 4-a.
Comparative Examgle 15-a
A catalyst (12-a) and a catalyst (13-~ a) were
10 Pprepared in the same manners as for the catalyst (10-a)
and the catalyst (11~a), respectively, except that the
firing temperature was 500°C in each preparation. 750 ml

of the catalyst (12-a) was filled into the reaction gas
inlet portion, and 750 ml of the catalyst (13-a) was
35 filled into the reaction gas outlet portion. A reaction
was carried out in the same manner as in Example 9-a.
The results are shown in Table 4-a. '
Example 10-a
A suspension was prepared in the same manner as
20 in Example l-a except that no ammonium paratungstate was
used, thallous nitrate and strontium nitrate were used in
place of cesium nitrate, thereafter there were added
tellurium oxide, lead nitrate and zinc nitrate, silica
sol replaced by titanium dioxide, and the firing tempera-
25 ture was changed to 530°C. '
The suspension was stlrred with heating and
subjected evaporation to dryness. The residue was molded
into rings of 6 mm in outside diameter, 6.6 mm in length
and 2 mm in inside diameter of through—-hole, and fired at
.30 500°C for 6 hours in an air stream to“ggtain a catalyst
(14-a). .
The catalyst (X4-a) had the following composi-
tion in terms of atomic ratio excluding oxygen.
MolzBilFe3Co7T10.7Sr003Te0.3Pblzn0_5Ti1
. 35 A catalyst (l5-a) was prepared in the same

__‘\hhﬂiﬁfff‘ifxfgi_the catalyst (l14-a) except that the amount
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{ (8-a) and a catalyst (9-a) were prepared in the same nmanner as
zatal yst (6) and the catalyst (7:a), respectively, except that the
nperature was changed to 500[err]C in each preparation. 750 m of
l'yst (8-a) was filled into the reaction gas inlet portion. and 750
e catalyst (9-a) was filled into the reaction gas outlet portion.
on was carried out In the sane mggner as in Exanple 8-a. The

are shown in Tabl e 4-a. nple 9-a A catalyst (1 0-a) was
in tofe Wl Qihritktrats r?’ﬁaﬁﬁﬂ'&ﬂeld e E Y HRI FEMBRERT um

FHhgst at ey MR Sras &thamfed Wb M8owt e was replaced by potassiumnitrate,
50T place of ST LRH VS O VAL MAE s el SRR 2 ¢ and
um pent oxi ate.irantk e of iatomid ergpeiatencal uwdEing aygsh+ o 520[err] C.
I e i T IRt LS M Bt
=a[err]K[err]L|[err]CBI%?Q]W&HQ#rqhﬁﬂQ#WQXXﬂQHQH4'HH(#%% fllle into

' the gas inlet pg;tlon of a steel-made reactor of 25.4 mm
in diameter, and 750 ml of the catalyst (15-a) was filled
into the gas outlet portion.

10 A reaction was carried out in the same manner
as in Example l-a. The results are shown in Table 4-a.
Comparative Example l6-a

A catalyst (16-a) and a catalyst (17-a) were
prepared in the same manners as for 'the catalyst (14-a)

15 and the catalyst (15-a), respectively, except that the
firing temperatures used in Example 10-a for the pre-
paration of the catalyst (l4-a) and the catalyst (15-a)
were changed to 500°C. 750 ml of the catalyst (16-a) was

. filled into the reaction gas inlet portion, and 750 ml of

20 the catalyst (17-a) was filled into the reaction gas
outlet portion. A reaction was carried out in the same
manner as in Example 10-a. The results are shown in
Table 4-a.

Example ll-a
25 A suspension was prepared in the same manner as
. in Example l1-a except that cesium nitrate was replaced by
potassium nitrate, barium nitrate and beryllium nitrate,
then antimony trioxide and manganese nitrate were added,
silica sol was'replaced by zirconium niEgate. and the
30 firing temperature was changed to 53036.
Using this suspension, the procedure of Example
10-a was repeated to prepare a catalyst (18-a).
The catalyst (18-a) had the following composi-
tion in terms of atomic ratio excluding oxygden.
Sb{Mn

35 Moy ,W; gBijFey ,CogK; gBag oBegy SbiMng giry
A catalyst (19-a) was obtained in the same
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-%O- A catalyst (11-a) was prepared in the same manner as for the
catal yst (10-a) except that the anounts of " potassiumnitrate and |ithium
nitrate used were changed and the firing tenperature was changed to

480[ err.] C This catalyst (11-a) has the follow ng conposition in terns

of atom c ratio excluding oxygen. 4

manner as for the catalyst (18-a) except that potassium
nitrate was replaced by sodium nitrate and the firing
temperature was changed to 470°C.
The catalyst (19-a) had the following composi~
5 tion in terms of atomic ratio excluding oxygen.
”°12W1.5311F91.2C°0.sNal.oBao.zBeo.zsblmno.52‘1
750 ml of the catalyst (18-a) was filled into
the gas inlet pertion of a steel-made reaction tube of
25.4 mm in diameter, and 750 ml of the catalyst (19-a)
10 was filled into the gas outlet portion.
A reaction was carried out in the same manner
as in Example l-a. The results are shown in Table 4-a.
... Comparatlve Example 17-a
' A catalyst (20-a) and a catalyst (21-a) were
15 Pprepared in the same manners as for the catalyst (18-a)
and the catalyst (19-a), respectively, except that the
. firing temperatures used in Example ll-a for the pre-
paration of the catalyst (18-a) and the catalyst (19-a)
were changed to 500°C. 750 ml of the catalyst (20-a) was
20 filled ‘into the reaction gas inlet portion, and 750 ml of
the catalyst (21-a) was filled into the gas outlet por-
tion. A reaction was carried out in the same manner as
in Example ll-a. The results are shown in Table 4-a.

cmdiroe?
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&Exarrpl e 10-a A suspension was prepared in the same nmanner as in
Exanpl e 1-a except that no ammoni um paratungstate was used. thallous
‘nitrate and strontiumnitrate were used in place of cesiumnitrate,
thereafter there were added telluriumoxide, lead nitrate and zinc nitrate,
silica sol replaced by titaniumdioxide, and the firing tenperature was

changed to 5300C. The suspension was &t iTred with heating and subj ect ed
evaporation to dryness. The residue was nolded into ri ngs of 6 Min
out si de di anpter—&—6—rm-i-R—t-ergt-h—anrd—2—Am-a—nstde—diamreter of
t hrough- hol e} vand flired at 500[err]C for 6 hours in an air streamto obtain
a-catalyst (L fta) The catal yst (14-a) had the foll ow ngl conposition in
terns of ato*n°¢ retli o excl udi ng oxygen.
Mo[ err] Bi [er |5 Beldrn] ®[@r ] TN & rT.Se et [Tefler?] ¥o[®Br A ZA[lerr] Ti [err]
A catal yst ( l@-'&gv-«vya@ 9 eganr®dsi 1 tige gage ra@neg & Pof tRPe] catal yst
(14-a) excep .{-g Ke “anount of thal ous.
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nitrate was-€hanged and the firing tenperature was changed to 480[err]C.
TH .;_'Cat-.-af)’/st (15-a) had the follow ng conposition in terns of atomc ratio
ext| udi ng oxygen. Mo[err]Bi[err]
Fef[err]Oo[err]TI[err]Sr[err]Te[err]Pb[err] Zn[err]Ti[err] 750 m of
tHe catalyst (14-a) was filled into the gas inlet portion of a steel-nmade
reactor of 25.4 mmin dianmeter. and 756 #6 of the catal yst (15-a) was

firll ed i ntofttregas—outthiet portion. A reaction was carried out in the
same manner | as' §n Efar@lie 1-a. The rlegul ts|are shown in Table 4-a.
Conparative Eﬂairpl e 16- 4 A catjajyst (16-a)jand a catalyst (17-a) were

prepared in € sane narners as for |the el alyst](14-a) and the catal yst
(115-a), reppectinely, gxcept that tlhe<siring inefrperatures used in Exanple
145 a) and the catal yst (15-a)

D—

o4 .
10-a for thég R} eBAr & i®n of the catdl §F Y
wer e change¢StH500ferP]iC. 750 m off tie Eatdl Psi (16-a) was filled into
& o ~
t he reactlokg}pg |p| et o )
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-portion, aind 750 m of the catalyst (17-a) was filled into the reaction gas
.utIeL«portlon A reaction was carried out in the sane manner as in Exanple
‘a. The results are shown in Table 4-a. Exanple 11-a A suspension
Hs prepared in the same manner as in Exanple 1-a except that cesium

trate was replaced by potassiumnitrate, bariumnitrate and beryllium
F'trate, then antinony trioxide and nangané%e nitrate were added, silica

bl was replaced by zirconiumnitrate, and the firing tenperature was .
anged to 530[err] C Usi ng this suspension, the procedure of Exanple

o o

Comparative Example l3-a

Example 7-a

Example 7-a

P- a was repea egk Lo |poeparie a catal ysf {184y The catal yst (18-a)
d the follo ng&?onpﬁ’sf? on in terns|{d} atopic rafio excluding oxygen.
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& hecat al yst (18-a) was filled intothe gas inlet portion of a
- reaction tube of 25.4 nmin dirameter, and 750 nml of the catal yst

“filled into the gas outl et ponion. A reaction was carried
¥e same nmanner as in Exanple 1 -a. The results are shown in Table
arative Exanple 17-a A catal yst (20-a) and a catal yst (21-a)

ared in the same manners as for phe-catal yst (18-a) and the
1 9-a), respectively, except that the firing tenperatures used in
-a for the preparation of the catalyst (18-a) and the catal yst

er e cfrangeq to 500[err|C. /50 m} of the catalyst (20-a) was filled
.reaclfiwon ggs inlet portion, and|{750 m of the catalyst (21 -a) was
to thé gas |outl et portion. A reaction was carried out in the sane
in Biagrt 4 dlsa. wThe sesulbs e shown in Table 4-a.
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Example 1-b

1,456 g of cobalt nitrate and 202 g of ferric
nitrate were dissolved in 1,000 ml of water. 243 g of
bismuth nitrate was dissolved in an aqueous nitric aciqd
solution consisting of 30 ml of concentrated nitric acid
and 120 ml of water. ;

Separately, 1,059 g of ammonium paramolybdate
and 265 g of “dmmonium paratungstate were dissolved in-
3,000 ml of water being stirred with héating. To the
resulting aqueous solution were dropwise added the above
prepared two aqueous solutions, and mixing was carried
out. Thereto were added an aqueous solution obtained by
dissolving 68.3 g of cesium nitrate and 13.1 g of barium
nitrate in 400 ml of water, and 203 g of silica sol of 20
weight % concentration in this order, and mixing was
carried out.

The thus obtained suspension was stirred with
heating, and subjected to evaporation to dryness. The .
residue was molded into pellets of 6 mm in outside dia-
meter and 6.6 mm in length. The pellets were fired at
500°C for 6 hours in an air stream to obtain a catalyst
(1-b). This catalyst (1-b) had the following composition
in terms of atomic ratio excluding oxygen.

Mo, ;W,BijFeyCoygCsp _7Bag 151 35

A catalyst (2-b) was prepared in the same
manner as in. the preparation of the catalyst (1-b) except
that the amount of barium nitrate was changed to 65.3 gq.
This catalyst (2-b) had the following composition in
terms of atomic ratio excluding oxygen.

MolzszilFelCOIOCso.7Ba0.GSTI:35

With respect to the activities of the catalysts
(1-b) and (2-b), the catalyst (2-b) has a higher activity
than the catalyst (1-b), as is clear from the results of
Comparative Examples l-b and 2-b shown later.

750 ml of the catalyst (1-b) was filled into
the material gas inlet portion of a steel-made reaction
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tube of 25.4 mm in diameter, and 750 ml of the catalyst
(2-b) was filled into the material gas outlet portion.

A mixed gas of a composition consisting of 6 %
by volume of isobutylene, 13.2 % by volume of oxygen,
10 % by volume of steam and 70.8 % by volume of nitrogen
was introduced from the inlet of the reaction tube, and a
reaction was carried out at a reaction temperature of
340°C at a spgée velocity (SV) of 1,600 hr -1 (STP). The
results are shown in Table 1l-b. |
Comparative Example 1-b

A reaction was carried out in the same manner
as in Example 1-b except that no catalyst (2-b) was used
and only the catalyst (1-b) (1,500 ml) was filled. The
results are shown in Table l-b. '
Comparative Example 2-b

A reaction was carried out in the same manner
as in Example l-b except that no catalyst (l1-b) was used
and only the catalyst (2-b) (1,500 ml) was filled. The

results are shown in Table 1l-b.

Comparative Example 3-b

A catalyst (3-b) was prepared in the same
manner as for the catalyst (1-b) of Example 1-b except
that the amount of barium nitrate was changed to 39.2 gq.
This catélyst (3-b) had the following composition in
terms of atomic ratio excluding oxygen.

Mo, ,WyBiyFeyCoy4Csg 7B2g 35511 35

A reaction was carried out in the same manner
as in Example l1-b except that only the catalyst (3-b)
(1,500 ml) was filled into the reaction tube. The re-
sults are shown in Table 1l-b. el

It is appreciéted from the results of Table 1l-b
that the catalyst (l1-b) has a very low activity, the
catalyst (2-b) has a high activity but a low selectivity,
and both of them give a low total per-pass yield while
the catalyst system of the present invention which is a

combination of the catalysts (1-b) and (2-b), gives a .

= _—EK‘_
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high total per-pass yield and produces intended metha-
crolein and methacrylic acid at high yields. .

When the catalyst (3-b) having a composition
intermediate between those of the catalysts (l1-b) and
(2-b) is compared with the catalyst system of the present
invention which is a combination of the catalysts (1-b)
and (2-b), thgvgatalyst (3-b) gives a low total per-pass
yield and a very large temperature difference ( a very
large A T) between the reaction temperature and the
highest temperature in catalyst layer. Therefore, it is
thought that catalyst deterioration due to thermal load
is striking in the catalyst (3-b). Accordingly, it is
appreciated that the single use of the catalyst (3-b)
having substantially the same composition as the present
catalyst system is unable to achieve the effect of the
present invention. -
Example 2-b

A reaction was carried out in the same manner
as in Example l-b except that the catalysts (1-b) and
(2-b) were both molded into rings of 6 mm in outside
diameter, 6.6 mm in 1ength and 1 mm in inside diameter of
through-hole. The results are shown in Table 1l-b.
Comparative Example 4-b

A reaction was carried out in the same manner
as in'Comparative Exémple 1-b except that the catalyst
{(1-b) was molded into rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-
hole. The results are shown in Table l-b.
Comparative Example 1-b ™

A reaction was carried out in the same manner
as in Comparative Example 2-b except that the catalyst
(2~-b) was molded into rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-
hole. The results are shown in Table 1l-b.
Comparative Example 6-b

A reaction was parried out in the same manner
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as in Comparative Example 3-b except that the catalyst
(3-b) was molded into rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside diameter of through-
hole. The results are shown in Table 1l-b.

In Example 2~b and Comparative Examples 4-b to
6-b, the shapes of the catalysts (1-b) to (3-b) were
changed from pellets to rings. It is appreciated from
the results of Table 1-b that the change of catalyst
shape to rings gives improvement in yield and reduction
in AT in all of the catalysts (l1-b) to (3-b), but the
catalyst system of the present invention using the.
catalysts (1-b) and (2-b) in combination gives a higher
yield and a lower A T than the single use of the catalyst
(1-b), (2-b) or (3-b). '
Example 3-b

A reaction was carried out in the same manner
as in Example l-b except that the reaction was carried
out for an extended period of time up to 4,000 hours.

The results are shown in Table 1l-b.

It is appreciated from the results of Table 1-b
that activity reduction is very low even after the re-
action of 4,000 hours, yield reduction is substantially
negligible, and the catalyst system of the present inven-
tion enables very stable operation over a long period of
time.

Comparative Example 7-b

A reaction was carried out in the same manner
as in Comparative Example 3-b except that the reaction
time was chahged to 4,000 hours. Therresults are shown
in Table 1-b. . -

It is appreciated from the results of Table 1l-b
that in Comparative Example 7-b, as compared with Example
3-b, activity reduction and yield reduction are both
large and the catalyst has a problem in stability.
Example 4-b

A reaction was carried out in the same manner
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as in Example 2-b except that the reaction temperature
was changed to 360°C and the space velocity was changed
to 3,000 hr % (STP). The results are shown in Table l-b.
Example 8-b

A reaction was carried out in the same manner
as in Comparative Example 4-b except that the reaction
temperature was changed to 360°C and the space velocity

" was changed £o 3,000 he! (STP). The results are shown

in Table l-b.
Comparative Example 9-b
| A reaction was carried out in the same manner

as in Comparative Example 6-b except that the reaction
temperature was changed to 360°C and the space velocity
was changed to 3,000 hr-l (STP) . Tﬂe results are shown
in Table 1l-b. ;

It is appreciated from the results of Example
4-b and Comparative Examples 8-b and 9-b that the super-
iority in activity and yield, of the catalyst system of
the present invention using the catalysts (1-b) and (2-b)}
in combination, over the catalyst (1-b) or (3-b) appears
even when épace velocity is increased.
Example 5-b

A reaction was carried out in the same manner
as in Example 2-b except that the proportions of iso-
butylene and nitrogen in material gas were changed to 7 %
by volume and 69.8 % by volume, respectively. The re-—
sults are shown in- Table 1-b.
Comparative Example 10-b

A reaction was carried out in the same manner
as in Example 4-b except that the présgktions of iso-
butylene and nitrogen in.material gas were changed to 7 %
by volume and 69.8 ¥ by volume, respectively. The re-
sults are shown in Table 1-b.
Comparative Example 1ll-b

A reaction was carried out in the same manner

as in Example 6-b except that the proportions of iso-
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butylene and nitrogen in matérial gas were changed to 7 %
by volume and 69.8 % by volume, respectively. The re-
sults are shown in Table 1-b.

It is appreciated from the results of Example
5-b and Comparative Examples 10-b and 1ll-b that the
superiority in yield and A T, of the catalyst system of
the present invention using the catalysts (1-b) and (2-b)
in combinatiof, over the catalyst (1-b) or (3-b) appears
even when isobutylene concentration is increased. The
present catalyst system, as compared with the single use
of the catalyst (1-b) or (3-b), gives a considerably
small increase in AT of catalyst layer, in particular.
Therefore, it is thought that catalyst arrangement as in
the present invention is effective for minimization of
catalyst deterioration caused by thermal load.

Example 6-b

A reaction was ca;ried out in the same manner
as in Example l-b except that isobutylene was replaced
by t-butanol. The results are shown in Table 2-b.
Comparative Example 12-b

A reaction was- carried out in the same manner
as in Comparative Example 1l-b except that isobutylene
was replaced by t-butanol. The results are shown in
Table 2-b. -

Comparative Example 13-b o _ _

A reaction was-carried out in the same manner
as in Comparative Example 3-b except that isobutylene was
replaced by t-butanol. The results are shown in Table
2-b.

Example 8-b waeen®

A reaction was carried out in the same manner
as in ﬁkample 2-b except that there was used a material
gas consisting of 5 $ by volume of methyl t-butyl ether
(MTBE), 13.2 % by volume of oxygen, 10 % by volume of
steam and 71.8 % by volume of nitrogen, the reaction
temperature was changed to 360°C and the space velocity

-

heet Has Been R laced

TR B




_56_

~l (sTP). The results are shown

was changed to 1,000 hr
in Table 3-b. )
Comparative Example l4-b

A reaction was carried out in the same manner

5 as in Comparative Example 4-b except that there was used
a material gas consisting of -5 $ by volume of MTBE,
13.2 % by volume of oxygen, 10 % by volume of steam and
71.8 % by volime of nitrogen, the reaction temperature
was changed to 360°C and the space velocity was changed

10 to 1,000 hr™! (STP). The results are shown in Table 3-b.
Comparative Example 15-b

A reaction was carried out in the same manner
as in Comparative Example 6-b except that there was used
a material gas consisting of 5 $ by volume of MTBE,

15 13.2 % by volume of oxygen, 10 $ by volume of steam and
71.8 % by volume of nitrogen, the reaction temperature
was changed to 360°C and the space velocity was changed
to 1,000 hr ! (STP). The results are shown in Table 3-b.
Example 8-b

20 A catalyst (4-b) was prepared in the same
manner as in Example l-b-except that cobalt nitrate was
replaced by nickel nitrate, phoéphoric acid was added
after ammonium paratungstate, there were used thallous
nitrate and strontium nitrate in place of cesium hitrate

.25 and barium nitrate, then stannic oxide was added, and
silica sol was replaced by ammonium nitrate.

The catalyst (4-b) had the following composi~-
tion in terms of atomic ratio excluding oxygen.
Mo, pWyBizFe; NigT g 65r0.1P0,2500 550

30 A catalyst (5-b) was prepared in the same
manner as for the catalyét (4~b) except that the amount
of strontium nitrate used was changed.

The catalyst (5~b) had the following composi-

‘ tion in terms of atomic ratio excluding oxygen.

35 Mo, ,W,Bi,Fe Ni,Tl, Srgy sPg ,5n; gAly

750 ml of the catalyst (4-b) was filled into
. [ —
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the gas inlet side of a steel-made reaction tube of 25.4
mm in diameter, and 750 ml of the catalyst (5-b) was
filled into the gas outlet side.

A reaction was carried out in the same manner
as in Example l-b. The results are shown in Table 4-b.
Comparative Example 16-b

A reaction was carried out in the same manner
as in Example~8-b except that no catalyst (5-b) was used
and only the catalyst (4-b) (1,500 ml) was filled. The
results are shown in Table 4-b.
Comparative Example 17-b

A reaction was carried out in the same manner
as in Example 8-b except that no catalyst (4-b) was used
and only the catalyst (5-b) (1,500 ml) was filled. The
results are shown in Table 4-b.
Example 9-b

A catalyst (6-b) w;s obtained in the same
manner as in Example 1l-b except that no ammonium para-
tungstate was used, cesium nitrate was replaced by potas-
sium nitrate and sodium nitrate, barium nitrate was
replaced by calcium nitrate and beryllium nitrate, silica
sol was replaced by titanium dioxide, and cerous nitrate
and niobium pentoxide were used finally. The catalyst
(6-b) had the following composition in terms of atomic
ratio excluding oxygen.

Mo, ,Bi;Fe,CogRy gNag ,Cag 1Bep 3NPg 5C&;Tiy
A catalyst (7-b) was prepared in the same

manner as for the catalyst (6-b) except that the amounts
of calcium nitrate and berfllium nitrate were changed.
The catalyst (7-b) had the foIlowing'dﬁﬁbosition in terms
of atomic ratio excluding oxygen.

MolzBilFe1C05Ko_SNao_ZCao.7Beu.3Nb0._5Ce1Ti1

750 ml of the catalyst (6-b) was filled into
the gas inlet portion of a steel-made reaction tube of
25.4 mm in diameter, and 750 ml of the catalyst (7-b) was
filled into the gas outlet portion.
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/ A reaction was cariied out in the same manner
as in Example l1-b. The results are shown in Table 4-b.
Comparative Example 18-b

A reaction was carried out in the same manner

S as in Example 9-b except that no catalyst (7-b) was used
and only the catalyst (6-b) (1,500 ml) was filled. The
results are shown in Table 4-b.

Comparative Bxample 19-b
A reaction was carried out in the same manner
10 as in Example 9-b except that no catalyst (6-b) was used
and only the catalyst (7-b) (1,500 ml) was filled. The
results are shown in Table 4-b.
ﬁ Example 10-b
A suspension was prepared in the same manner as
15 in Example l-b except that no ammonium paratungstate was
used, cesium nitrate was replaced by rubidium nitrate,
magnesium nitrate was used £bgether with barium nitrate,
then there were added tellurium dioxide, lead nitrate and
zinc nitrate, and silica sol was replaced by titanium
20 dioxide.
The suspension-was stirred with heating'and
subjected to evaporation to.dryness. The residue was
molded into rings of 6 mm in outside diameter, 6.6 mm in

length and 2 mm in inside diameter of through-hole, and
25 fired at 500°C for 6 hours in an air stream to obtain a
catalyst (8-b). The catalyst (8-b) had the following
composition in terms of atomic ratio excluding oxygen.
M°123i1?e3C°7Rb0.SBao.1Mgo.1Te0.3Pblzn0.STil
A catalyst (9-b) was obtained in the same
30 manner as for the catalyst -(8-b) exééﬁf‘that the amounts
of barium nitrate and magnesium nitrate were changed.
The catalyst had the following composition in terms of
atomic ratio excluding oxygen.
MolzBilFe3Co7Rb0.sBao.2Mg1.0Teo.3Pb12n0.5Ti1

35 750 ml of the catalyst (8-b) was filled into the
gas inlet side of a steel-made reactor of 25.4 mm in
-

"




'mg;e 1-b 1,456 g of cobalt nitrate and 202 g of terric nitrate were
mlved in 1,000 M of water, 243 g of bismuth nitrate was dissolved in
éﬁ;ueous nitric acid solution consisting of 30 mM of concentrated nitric
sand 120 m of water. separately. 1.059 g of ammoni um par anol ybdat e

anig:265 g of ammoni um paratungstate were dissolved in 3,000 M of water
being stirred with heating. To the resul t1 nP agueous sol uti on were dropw se
added the abovedpameterd and 25Qeolisoothéi ea6alpsd U§X$ﬂ9w¥§5%%f%ééed out.
Therieto were ad u ti obt ai ned di ssolving, 68.3 g of
sifum nitrate gﬁgoigégqgggf8%2?%5n$%€??at% fﬁaﬁ€%°ﬂ1w%? Gt eted aptobs g
*4ilica sol okheosame ghanng EoR€ chit r BXamplée nl+hi exoepler thavdt e xiag was
cargi ed out. actbent befipePh 81 PEdw Y SEPRASLOR VES3544¢! € i t in and
sufjected to evagoratlon ?o drxngss. The r%sidue was nnlgg iﬁ gggéf|%¥§ of
6 an i n out s? deSAPEHetBr Ta8RY€68°m in 1 ength. The pellets were fired at
S500f err] C for 6CompasatfvanEgamplér2@abto obtain a catalyst (1-b). This
calalyst ( e-D) had the Q1| Qutpgof WRESEAL Pl obE IR Ple 48RL nEGHLD o
as in Example710-b except that no catalyst (9-b) was used

and only the catalyst (8-b) (1,500 ml) was filled. The
10 results are shown in Table 4-b. '

Comparative Example 21-b
A reaction was carried out in the same manner
as in Example 10-b except that no catalyst (8-b) was used
and only the catalyst (9-b) (1,500 ml) was filled. The
15 results are shown in Table 4-b.
Example 11-b
A suspension.was'prepared in the same manner as
in Example 1-b except that lithium nitrate was used
together with cesium nitrate, barium nitrate was replaced
20 by calcium nitrate, then there were added antimony tri-
oxide and manganese nitrate, and silica sol was replaced
by zirconium nitrate.
Using the suspension, a catalyst (10-b) was
prepared in the same manner as in Example 10-b. The
25 catalyst (10-b) had the followihg composition in terms of
atomic ratio excluding oxygen.
Mo, W, Bi,Pe; ,Co.Csy ,Lij ,Cay ,SbyMng g2ry
A catalyst (l11-b) was prepared in the same
manner as for the catalyst (10-b) except that calcium
309 nitrate was replaced by magnesium nitrate. The catalyst
(11-b) had the followinhg composition in terms of atomic
ratio excluding oxygeﬁ. )
MolZWi.SBilFel.ZCOSCSO.4LiO.1Mg0.BSb1MHO.Szrl
750 ml of the catalyst (10-b) was filled into
35 the gas inlet pottipn of a steel-made reaction tube of
25.4 mm in diameter, and 750 ml of the catalyst (11l-b)

—_—
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]Bi[err]Fe[err]Co[err]Ba[err]Si[err] A catal yst (2-b)
in the sane nmanner as in the preparation of the catal yst P-b)
t he amount of bariumnitrate was changed to 65.3 g. This
-b) had the followi ng conposition in terns of atomc ratio
xygen. : :
r]Bi[err] Fe[err] Co[err]Cs[eré6PBalerr]Si[err] Wth
tﬂﬁaﬁcfiynéaesnab the gﬁéabuﬁlft(iidb) and (2-b), fhe c?talysh
I gher actiyit the cata -b), | ear fromthe
Conparative éxﬁ%%%ggg& Y8 a %r§¥§gsﬁg&n9 afgg.sgmg MIBOEM  of
t 44 ib)Ewamplel led.i nThet heswhter aak ghownnliet Tpbidei dnbef a

2 react| g Bhagp1d »¥Lpin diameter, and 750 m of the
£ 2-b °@B§P?%F?ed ?ntg‘the mat eri al gas outl et portion.

4 A reaction was carried out in the same manner
as in Example ll-b except that no catalyst (1l-b) was
used and only the catalyst (10-b) (1,500 ml) was filled.

The results ar®¥ shown in Table 4-b.

Comparative Example 23-b

A reaction was carried out in the same manner
as in Example ll-b except that no catalyst (10-b) was
used and only the catalyst (1l1-b) (1,500 ml) was filled.
The results are shown in Table 4-b.
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tive Exanple 3-b A catal yst (3-b) was prepared in the sane

as for the catalyst (1-b) of Exanple 1 -b except that the anpunt of
nitrate was changed to 39.2 g. This catalyst (3-b) had the foll ow ng
position in terns of atomc ratio excluding oxygen.
gerr]Werr]Bi[err] Fe[err] Co[err]Cs[err]Ba[err]Si[err] A reaction
gs carried out in the same manner as-®ZExanple 1-b except that only the
al'yst (3-b) (1.500 m) was filled into the reaction tube. The results

shown if—Fabtg—1=- H—Ts—apprecrated—{tromtthe IC]U|tS of Table 1
2 ‘that thq Batal yst (1-b) has a very low activity the catglyst (2-b) has
Ehi gh actilvety byt a | ow selectivity, and both of themgl\lealowtotal
er-pass yilel d_whi Ie the catal yst system of the resent |Hvent|on which is
conbi nat ilof Dfe {he Satal Vsts (-1 Tbf? ahd'Y 2b)S '§i Fes™a hijgh tot al
er - pass yilePdS ghg Hrid@ e Snﬁed@eg Bt BacgolRid @dgnd acrylic acid at
Hi gh yieldg.2 >E
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Is com pared wth the catal yst system of the

i nvention which is a conbination of the catalysts (1 -b) and (2-

en the catalyst (3-b) having a conposition internedi ate between those of

he catal ysts (1-b) and (2-b)
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¥tal yst (3-b) gives a low total per-pass yield and a very |arge

nperature difference (a very large AT) between the reaction tenperature
d the highest tenperature in catalyst |ayer. Therefore, it is thought

at catalyst deterioration due to thermal load is striking in the catal yst
-b). Accordingly, it is appreciated that the single use of the catalyst
-b) having substantially the sane conpdéltlon as the present catal yst
stemis unable to achieve the effect of the present invention. Exanple

b Are ' Mxszijed out in the sane nanner as in Exanple 1-b
cept that theceecatal ysts b) and (2-b) yere-poth nol fed into rings of 6
i n outside dkﬁﬁbtar,‘g. mmin | ength d1min ingide dianeter of
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in the sane nmanner

in Table 1-b.
as in Conparative Exanple 2-b except that the catal yst (2-b) was nol ded

6.6 nmmin |length and lnfnin

The results are shown

A reaction was carried out

ed intorings of 6 mMmmin outside dianeter,

de di aneter of through-hole.
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_h]pellets torings. It is appreciated fromthe results of Table 1-b that
e change of catal yst shape to rings gives inprovenent in yield and
eduction in AT in all of the catalysts (1-b) to (3-b), but the catalyst
ystem of the present invention using the catalysts (1 -b) and (2-b) in
onbi nati on gives a higher yield and a lower[err]T than the single use of
he catalyst (1-b), (2-b) or (3-b). ExgngFe_3-b A reaction was
arried out in the same nanner as in Exanple 1-b except that the reaction
s carried out for an extended. period of tine up to 4,000 hours. The
esults are shown in Table 1-b. It is appreciated fromthe results of
able 1-b that| gfctivijty reduction 1s very |low even dfter the reaction of

, 000 hours, yjé d rgduction is substantially neglidible, and the catalyst
qystem of the pres ent i nvention enables very, stablq operation over a |ong
;feriod of tinme weorrpaa\atd-v.a Exa&rplce.l bo © & o m
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AfFeaction was carried out

sigown in Table 1-b. It is appreciated fromthe results of Table 1-b

t

vl ocity was chaigeq oo
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at in Conparative Exanple 7-b, as conpared with Exanple 3-b, activity
gduction and yield reduction are both I|ar
stabiliy. Exanple 4-b A reaction was‘carried out In the same manner
i n Exanpl e fW@mQ%@eﬂr*%hat_the reaction tenperature was changed to
,O[Frr]C andhthe $pa$ebFQM$&L@Nc%g%o%%@@g%QtEEt@1?Qgghghe@fbfgSEEkicThe
rgsults are shown i abl e 1-.b. aratiy nmpl e 8- reagtion
ds carried ouff® ew%ﬁe]qrhfrﬁ‘i’é"rveggli"n Cgﬁ]gaf"gt 0fe VBESTpI e 243p JePlept

at the react bdsmutipaidinate was diasgddedo id6aheagh€oasd nilte ispacd d
éﬁﬁgygtﬂkhe%E]368%8)bfTE%nﬁgﬁ%Egie%r%i%QQWnaEQdTable

and 120 ml of water.

Separately, 1,059 é of ammonium paramolybdate
and 265 g of .ammonium paratungstate were dissolved in
3,000 ml of water being stirred with heating. To the
resulting agqueous solution were dropwise added the above
prepared two aqueous solutions, and mixing was carried
out. Thereto were added an agueous solution obtained by
dissolving 9.8 g of cesium nitrate in 30 ml of water,
79.8 g of tellurium dioxide and 203 g of silica sol of 20
weight % concentration in this order, and mixing was
carried out.

The thus obtained suspension was stirred with
heating, and subjected to evaporation to dryness. The
residue was molded into pellets of 6 mm in outside dia-
meter and 6.6 mm in length. The pellets were fired at
500°C for 6 hours in an air stream to obtain a catalyst
(1~c). This catalyst (1-c) had the following composition
in terms of atomic ratio excluding oxygen.

Mo, pWyBijFeyCoi4Csy 1 Tey 05i) .35

A catalyst (2-c) was prepared in the same
manner as in the preparation of the catalyst_ (l-c) except
that the amount of tellurium dioxide was changed to 8.0
g. This catalyst (2-c) had the following composition in
terms of atomic ratio excluding oxygen.

Mo, ,WyBi)Fe CoyCsp 1 Tep. 281" .35

With respect to the activities of the catalysts
(1-c) and (2-c), the catalyst (2-c) has a higher activity
than the catalyst (l-c), as is clear from the.results of
Comparative Examples l-c and 2-c shown later.

750 ml of the catalyst (l1-c) was filled into
the material gas inlét portion of a steel-made reaction

In the sane manner as in Conparative Exanple 3-b

Fept that the reaction time was changed t'o 4,000 hours. The results are

and the catal yst has a probl em



20- Conparative Exanple 9-b A reaction was carried out in the sanme
nner as in Conparative Exanple 6-b except that the reaction tenperature
qas changed to 360[err]C and the space velocity was changed to 3,000
Wr{err] (STP). The results are shown in Table 1-b. It is appreciated
filromthe results of Exanple 4-b and Cbnp g tive Exanples 8-b and 9-b that
he superiority in activity and yield, fﬁe catal yst system of the

resent invent ikgRUgieng sthe nfakal lbhetirh) aaad 168 W1 ioF QoRbicaRAIgTEE

(2-¢c) was filled into the material gas outlet portion.

A mixed gas of a composition consisting of 6 3
by volume of isobutylene, 13.2 % by volume of oxygen,

5 10 3 by volume of steam and 70.8 % by volume of nitrogen
was introduced from the inlet of the reaction tube, and a
reaction was carried out at-a reaction temperature of
340°C at a spate velocity (SV) of 1,600 hr -1 (STP) . The

results are shown in Table l-c.
10 Comparative Example l-c
A reaction was carried out in the same manner
as in Example l-c except that no catalyst (2-c) was used
and only the catalyst (l1-c) (1,500 ml) was filled into
the reaction tube. The results are shown in Table l-c.
15 Comparative Example 2-c
A reaction was carried out in the same manner
as in Example l-c except that no catalyst (l-c) was used
and only the catalyst (2-c) (1,500 ml) was filled into
the reaction tube. The results are shown in Table 1l-c.
20 Comparative Example 3-c
A catalyst (3=c) was prepared in the same
manner as for the catalyst (1-c) exceét that the amount
of tellurium dioxide used was changed to 43.9 qg.
' The catalyst (3-c) had the following composi-

25 tion in terms of atomic ratio excluding oxygen.
Moy ,W,Bi)Fe; Coy4Csq 3T€g 5551135
A reaction was carried out in the same manner as
in Example l-c except that only the catalyst (3-c) (1,500
ml) was filled into the reaction tube. The results are
30 shown in Table l-c. e
It is appreciated from the results of Table l-c
that the catalyst (l1-c) has a very low activity, the
catalyst (2-c) has a high activity but a low selectivity,
and both of them give a low total per-pass yield while
35 the catalyst system of the present invention which is a

combination of the catalysts (l-c) and (2-c), gives a
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ased. Exanple 5-Db A reaction wds carried out in the sanme manner
g rn Exanple 2-b except that the proportions of isobutylene and nitrogen
= mat eri al gas were changed to 7 % by volune and 69.8 % by vol une,
espectively. The results are shown in Table 1-b. Conparative Exanple 10-b
l.-reaction was carried out in the sams-mgner as in Exanple 4-b except that

B0 by Vol und LG tes 3y ek 8IS Ene e T eBec Progr e ST tendiR, BRERS 0N i 1
abl e 1-b. Gm@ﬂsaatamd Eﬁ&hﬁb@ylicbac1d at high yields.
When the catalyst (3-c) having a composition
intermediate between those of the catalysts (l-c¢) and
5 (2-c) is compared with the catalyst system of the present
invention which is a combination of the catalysts (1l-c)
and (2-c), the catalyst (3~c) gives a low total per-pass
yield and a very large temperature difference (a very
large A T) between the reaction temperature and the

10 highest temperature in catalyst layer. Therefore, it is
thought that catalyst deterioration due to thermal load
is striking in the catalyst (3-c). Accordingly, it is
appreciafed that the single use of the catalyst (3-c)
having substantially the same composition as the present

15 catalyst system is unable to achieve the effect of the
present invention. It can be said from these matters
that the catalyst system of the present invention is very
superior in both per-pass yield and thermal load.

Example 2-c .

20 A reaction was carried out in the same manner
as in Example l-c except that both of the catalysts (l-c)
and (2~c) were molded into rings of 6 mm in outside
diameter, 6.6 mm in length and 1 mm in inside diameter of
through-hole. The results are shown in Table 1l-c.

e e

25 Comparative Example 4-c

A reaction was carrled out in the same manner
as in Comparative Example 1-c except that the catalyst
(1~c) was molded into rings of 6 mm in outside diameter,
6.6 mm in length and 1 mm in inside dlameter of through—

30 hole. The results are shown in Table T e.
Comparative Example 5-c -

A reaction was carried out in the same manner
as in Comparative Example 2-c except that the catalyst
(2-c) was molded into rings of 6 mm in outside diameter,

35 6.6 mm in length and } mm in inside diameter of through-

hole. The results are shown in Table l-c.
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X Teaction was carried out in the same manner as in Exanple 6-b except that
he proportions of isobutylene and nitrogen in material gas were changed to
% by volunme and 69.8 % by vol une, respectively. The results are shown in

able 1-b. It is appreciated fromthe results of Exanple 5-b and

npar ati ve Exanples 10-b and 11-b that the superiority in yield and
err]T, of the catal yst systemof the pre? I nvention using the catal ysts
talyst (1- b) or (3-b) appears

1-b) and (Z-Bé?rn conbi nati on,_ over the
ven when i sobt@yParRttACERRFRIE fr¢s i ncreased. The present catal yst

ystem as conpared WthAth@aétIlélﬂlew%ecQErié@ &@ﬁaiﬂsﬁhéls&}re%arﬁ@ep)
I ves a considerably.s ncre%se in [err]T of cata

articul ar. TH%?e*%r%Pm??r? 1YH Plaad—caxfsRt & ?? nb% %?tﬁﬁy?ﬁ t he
resent invent{drcl swas freelded immormrn@szat|@nmmf1na¢mtgsded®iamebeﬂt|on

daused by thergg *ﬁﬁg%klgg$g@ exc tl?h%?gq@gta £W¥@@r03fr£ﬁ9 %%d by

he sane nanner as | Sobu éne was rep
- but anol . 1Tk9l%sulT@ea#%S@hbmmarm Stagwr in drable —C-

In- Example 2-c and Comparative Examples 4-c to
6-c, the shapes of the catalysts (l1-c) to (3-c) were

o S e

changed from pellets to rings. It is appreciated from
10 the results of Table l-c that the change of catalyst
shape to rings gives improvement in yield and reduction
in A T in all of the catalysts (l1-c) to (3-c), but the
catalyst system of the present invention using the

catalysts (l-c) and (2-c) in combina%ion gives a higher
15 yield and a lower A T than the single use of the catalyst
(1-c), (2-¢) or (3-c). - |
Example 3-c
A reaction was carried out in the same manner
as in Example l-c except that the catalyst (l-c) was
20 molded into rings of 6.0 mm in outside diameter, 6.6 mm
in length and 1.9 mm in inside diameter of through-hole.
The results are shown in Table l-c.
It was found that the change of the catalyst
filled into the inlet portion of the reaction tube, from
25 pellet shape to ring- shape gives further improvement in
per-pass yield and reduction in A T and accordingly the
combination of ring-shaped catalysts gives superior
results than the combination of pellet-shaped catalysts.
Example 4-c | .

el 4 b

30 A reaction was_carried out in the same manner

as in.Example l-c except that the reaction was carried
out for an extended period of time up to 4,000 hours.
The results are shown in Table l-c.
It is appreciated from the results of Table l-c
35 that activity reduction is very low even after the re-
~action of 4,000 hours, yield reduction is substantially

uiiiir‘ri‘iirrfi‘ i




Wrpar ati ve Exanple 12-b A reaction was carried out in the sanme

gnner as in Conparative Exanple 1-b except that isobutylene was re- placed
i -bulanol. The results are shown in Table 2-b. Conparative Exanple 13-b
reaction was carried out in the same nanner as in Conparative Exanple 3-b

cept that isobutylene was re- placed by t-butanol The results are shown
Table 2-b. Exanple 7-b A reaction was carried out in the sane
nner as in Exanple 2-b except that therdlwds used a material gas

cdnsi sting of 9 HiRbe unendfthhet bytalydut gyseeneet (WrBEyredgnd sppgn-
vql ume of oxygeion 1éndh Py¥s VL B Ofp $E €GPk ration over a long period of
time.
Comparative Example 7-c
5 A reaction was carried out in the same manner

as in Comparative Example 3-c except that the reaction
time was changgﬁ to 4,000 hours. The results are shown
in Table 1-c.
It is appreciated from the results of Table l-c
10 that in Comparative Example 7-c, as compared with Example
4-c, activity reduction and yield reduction are both
ia - -~ large and the catalyst has a problem in stability.
! Example 5-c
A reaction was carried out in the same manner
15 as in Example 2-c¢ except that the reaction temperature
was changed to 360°C and the space velocity was changed
to 3,000 het (STP). The results are shown in Table 1l-c.
Example 8-c
A reaction was carried out in the same manner
20 as in Comparative Example 4-c except that the reaction
temperature was changed to 360°C and the space velocity
was changed to 3,000 hr-l (STP). The results are shown
in Table l-c. '

Comparative Example 9-c

25 ‘A reaction was-carried out in the same manner
as in Comparative Example 6-c except that the reaction
temperature was changed to 360°C and the space velocity
was changed to 3,000 hr"1 (STP). The results are shown
in Table l-c. et

30 It is appreciated from the results of Examplé
5-c and Comparative Examples 8-c and 9-c that the super-
iority in activity and yield, of the catalyst. system of
the present invention using the catalysts (1-c) and (2-c¢)
in combination, over the catalyst (l1-c) or (3-c) appears

.35 even when space velocity is increased.

,‘
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afd” 71.8% by volune of nitrogen, the reaction tenperature was changed to
340[err] C and the space velocity was changed to 1,000 hr{err] (STP). The
rgsults are shown in Table 3-b. Conparative Exanple 14-b A reaction

carried out in the sane manner as in Conparative Exanple 4-b except
that there was used a material gas consisting of 5 % by vol ume of MIBE,
13.2 % by vol unme of oxygen, 10 % by vol use7ef -steam and 71.9

Example 6-c
A reaction was carried out in the same manner
as in Example 2-c except that the proportions of iso-
butylene and nitrogen in material gas were changed to 7 %
s by volume and 69.8 % by volume, respectively. The re-
sults are shown in Table l-c.
Comparative Example l0-c
A yeaction was carried out in the same manner
as in Example 4-c except that the proportions of iso-
10 butylene and nitrogen in material gas were changed to 7 %
by volume and 69.8 $ by volume, respectively. The re-
sults are shown in Table l-c.

Comparative Example ll-c
A reaction was carried out in the same manner
15 as in Example 6-c except that the proportions of iso-
butylene and nitrogen in material gas were changed to 7 %
by volume and 69.8 % by volume, respectively. The re-
sults are shown in Table l-c.
It is appreciated from the results of Example
20 6-c and Comparative Examples 10-c and 1ll-c that the
superiority in yield and A T, of the catalyst system of
the present invention using the catalysts (l1-c) and (2-c)
in combination, over the catalyst (l-c) or (3-c) appears
even when isobutylene concentration is increased. The
25 present catalyst system, as compared with the single use
of the catalyst (1-c) or (3-c), gives a considerable
small increase in A T of catalyst layer, in particular.
Therefore, it is thought that catalyst arrangement as in

the present invention is effective for minimization of
30 catalyst deterioration caused by thefmal load.
Example 7-c )

R A

A reaction was carried out in the same manner
as in Example 2-c except that isobutylene was replaced by
t-butanol. The results are shown in Table 2-c.

35 Comparative Example 1l2-c .
A reaction was carried out in the same manner

il :



-2- %Dby volume of nitrogen, the reaction tenperature was changed to
360[err]C and the space velocity was changed to 1.000 hr[err] (STP). The
results are shown in Table 3-b. Conparative Exanple 15-b A reaction
was carried out in the sanme manner as in Conparative Exanple 6-b except
that there was used a material gas consisting of 5 % by Vol une of MIBE,
13,2 % by volune of oxygen, 10 % by vqunE7pf steam and 71.8 % by volune of
,nltrogen t he reactl n_tenper.atu anged to,3 C and t he
spacevel ocity was®t 8h§8888f9 1Ye085aﬂp 8r g*ﬁfptTﬁggieé PPUtY1ENEH RS i n
Tabl e 3-b. Exaeplaec8dbby t-butanol. The results are shown in Table
2-c.
Comparative Example 13-c
5 A reaction was carried out in the same manner
as in Comparative Example 6-c except that isobutylene was
replaced by t-butanol. The results are shown in Table
2"‘C. ~
Example 8-c
10 A reaction was carried out in the same manner

as in Example 2-c except that there was used a material
gas consisting of 5 % by volume of methyl t-butyl ether
(MTBE), 13.2 % by volume of oxygen, 10 % by volume of
steam and 71.8 % by volume of nitroéen,-the reaction
15 temperature was changed to 360°C and the space velocity
was changed to 1,000 hr—l (STP). The results are shown
in Table 3-c. ' '
Comparative Example l4-c
_ A reaction was carried out in the same manner
20 as in Comparative Example 4-c except that there was used
a material gas consisting of 5 % by volume of MTBE,
13.2 $ by volume of oxygen, 10 % by volume of steam and
71.8 % by volume of'ﬁitrogen, the reaction temperature
was changed to 360°C and the space velocity was changed
25 to 1,000 hr™! (STP). The results are shown in Table 3-c.
Comparative Example 1l5-c

A reaction was carried out in the same manner
as in Comparative Example 6-c except that there was used
a material gas consisting of 5 % by volume of MTBE,

30 13.2 % by volume of oxygen, 10 % by J;lume of steam and
71.8 % by volume of nitrogen, the'reaction temperature
was changed to 360°C and the space velocity was changed
to 1,000 hr t (STP). The results are shown in Table 3-c.
Example 9-c

35 A suspension was prepared in the same manner as

- ~in Example l-c except that cobalt nitrate was replaced by
. _- \ -
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A.catal yst (4-b) was prepared in the sane manner as in Exanple 1-b except
that cobalt nitrate was replaced by nickél nitrate, phosphoric acid was
addedaft erammoni um par at ungstate, there were usedthallous nitrate
andstrontiumnitrate in place of cesiumnitrate and bariumnitrate, then
stanni ¢ oxi de was added, and silica sol was replaced by amoniumnitrate.
The catal yst (4-b) had the follow ng cgnggsLtion in terns of atomc ratio
excl udi ng oxygen. .
o[ err] W err] Biicke] Pefterate Ni fhe rdmodrer réSri esmytiP[reitiBrd exsdd Ard=err ]

catal yst (5- r ' . cat 4-D)
A Masa Prepa el Ak dee S EEPTEL de@SoJ g{]%%tgld&@ ﬁiy%%é

pxcept that the anbunt of strontiumnitrate d was, )
Cat al yst (5- b)@HARAIREF BT ot e EBnplelen | ShaRm ¢ 9¥idevas added &in o

excl udi ng oxygslace of tellurium dioxide, and aluminum nitrate was used
LerrIVigrrI Bl efdd el & "o NI AL Ed 4L M Ind erfd il et fd o8t A { &l d

to the same procedure as in Example 2-c to prepare a

ring-shaped catalyst (4-c).
Tﬁg’catalyst (4-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.
Moy WaBiy oFeyNigRbg Mgy gSny oAl 8i; 35
A suspension was prepared in the same manner as
for the catalyst (4-c) except that the amounts of stannic
oxide and silica sol used were changed. The suspension
was subjected to the same procedure as in Example l-c to
prepare a pellet-shaped catalyst (5-c).
The catalyst (5-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.
Moy pWyBly oFeyNijRby Mgy 5Sny 1Al 4Sip g
750 ml of the catalyst (4-c) was filled into
the gas inlet side of a steel-made reaction tube of 25.4
mm in diameter, and 750 ml of the catalyst (5-c) was
filled into the gas outlet side.
A reaction was carried out in the same manner
as in Example l-c. The results are shown in Table 4-c.
Example 10-c - o |
- A suspension was prepared in the same manner as
in Example 1-c except that the amount of cobalt nitrate
used was changed, thallous nitrate, barium nitrate and
cerous nitrate were used in addition to-cesium nitrate,
no tellurium dioxide was used, and silica sol was re-
placed by aluminum nitrate. The suspension was subjected
to the same procedure as in Example 2-c to obtain a
ring—-shaped catalyst (6-c).
This catalyst (6-c) had the following composi-
tion in terms of atomic¢ ratio excluding oxygen.
Ho, pW,BiyFeCogCsy 1T10.2B30.1%%0.2%12.0

—_—
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1%6'n1 of the catalyst (4-b) was filled into the gas inlet side of a
teel -nmade reaction tube of 25.4 mmin dianeter. and 750 ml of the catal yst

5-b) was filled into the gas outlet side. A reaction was carried out
n the same manner as in Exanple 1-b. The results are shown in Table 4-b.
fonpar ati ve Exanple 16-b A reaction was carried out in the sanme

manner. as in Exanple 8-b except that no-cgwalyst (5-b) was used and only

he catal yst (4-b) (1.50 W il ed he,.results e kn; Tabl e
-b. Conparative Exanplg E%¥Bm@ﬁaLEdAFP§51?§5n?aaéscggéi%gggﬁ?e?nl he sane
lanner as in Exhapsame-paprespast far hbecaabhyyst( 460%) wexcepbdthall bhry

hg catalyst (amBintd  880£Brtivanitihted: cLbBukeAvtater &ndNQYEMiAudabl e
e nitrate used were changed. This catalyst (7-c) had the
5 following composition in terms of atomic ratio excluding

N _ e~ = _N ~ =S5 /N ="'~ (N

oxygen.
Moy pWyBijFey 4C06Cs5 1T10.2830.1%%1212.0
ﬁ 750 ml of the catalyst (6-c) was filled into
the gas inlet side of a steel-made reaction tube 25.4 mm
10 in diameter, and 750 ml of the catalyst (7-c) was filled
into the gas outlet side.

A reaction was carried out in the same manner
as in Example l-c. The results are.shown in Table 4-c.
Example 1ll-c

15 A suspension was prepared in the same manner as
in Example l-c except that the amount of cobalt nitrate
used was changed, cesium nitrate was replaced by potas-
sium nitrate, lithium nitrate and beryllium nitrate,
titanium oxide was used in place of tellurium and silica

20 sol, and manganese nitrate was used finally.

In this suspension was immersed 1,600 ml of a -
spherical carrier of 6 mm in diameter, consisting of
¢ -~alumina. The system was heated to a predetermined
temperature with stirring, whereby the carrier was al-

25 lowed to suppdrt the catalyst composition.

The resulting supported catalyst was fired at
500°C-for 6 hours in an air stream to obtain a catalyst
(8~c).

‘The supported oxide catalyst (8-c) had the

30 following composition in terms of atomic ratio excluding

oxygen. .

' Mo, ,W,Bi,Fe;CojKoy ,Li; oBey Mn, (Tiy g

The amount of the supported oxide was 20 g per
100 ml of the.carrier.

35 A suspension was prepared in the same manner as
for the catalyst (8-c) except that the amounts of cobalt
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dnple 9-b A catal yst (6-b) was obtained in the sane manner as in
;_xanple 1 -b except that no ammoni um par af ungst ate was used, cesiumnitrate
pas replaced by potassiumnitrate and sodiumnitrate, bariumnitrate was
epl aced by calciumnitrate and berylliumnitrate, silica sol was replaced
by titani um di oxi de, and cerous nitrate and ni obi um pent oi dde were used
inally. The catalyst (6-b) had the fol+owng conposition in terns of
pt omic ratio ﬂXEkH@Enﬂnexig%Bnlum dioxide were changed and manganese

T aPaFyate( vas) xakbagrBp RN cBMPRPTRE S ane "IRNRAPPRECEOF RS |

atal yst (6- bﬁubaeepEdthatthbesamauptsceﬂucaleSUNnnEBaEPéea&dCbepylIum
itrate merengggggﬁ § }%§t§5&§%d(ZaQL19§@ tBechql owi ng conposition in

erns of ato
5 The catalyst (9-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.
MolZWZBilFeICosKo0 2LJ’.1_5Be0.2P0.2T11.0
900 ‘il of the catalyst (8-c) was filled into
the gas inlet side of a steel-made reactor of 25.4 mm in
10 diameter, and 600 ml of the catalyst (9-c) was filled

into the gas outlet side. A reaction was carried out in

the same manner as in Example l-c except that the re-
action temperature was changed to 350°C. The results are
shown in Table 4-c. '
15 Example 12-c
A suspen51on was prepared in the same manner as
in Example l-c except that the amounts of ammonium para-
tungstate, ferric nitrate and cobalt nitrate were
changed, calcium nitrate was used in addition to cesium
20 hitrate, then zinc nitrate was added, and zirconium
‘nitrate was used in place of tellurium dioxide and silica
sol.
There were measured 1,600 ml of a ring-shaped
carrier of 6 mm in outside diameter, 5 mm in length and 3
25 mm in inside diameter of through-hole, consisting of
silica-alumina. Using this carrier, a supported catalyst
(10-c) was prepared in the Eame manner as for the
catalyst (8-c) of Example l1ll-c.
The catalyst (10-c) had the following composi-
39 tion in terms of atomic ratio excludfﬁﬁ'exygen.
Mo, ,W,Bi Fe; 2C05C50.1Ca0‘3'Zn1.02r2.0
The amount of the supported oxide was 24 g per
100 ml of the carrier.
. A suspension was prepared in the same manner as
35 for the catalyst (104¢) except that the amounts of
ammonium paratungstate, bismuth nitrate, zinc nitrate and

I
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- 77 -
zirconium nitrate used were éhanged. Using this sus-
pension, a ring-shaped catalyst (l1l-c) was obtained in
the same manner as in Example 2-c.
The catalyst (ll-c) had the following composi-
5 tion in terms of atomic ratio excluding oxygen.
Mo, oWy Biy 4Fey 5C05Csg 1Cag 320y %)
1,000 ml of the catalyst (10-c) was filled into
the gas inlet~§ide of a steel-made reaction tube of 25.4
mm in diameter, and 500 ml of the catalyst (ll-c) was
10 filled into the gas outlet side. A reaction was carried
out in the same manner as in Example l-c except that the
reaction temperature was changed to 350°C. The results
are shown in Table 4-c.
Example 13-c

o
3
B
&
k-4
=
k4
£
3
%
=
2
1

15 A catalyst (12-c) was prepared in the same
manner as in Example l-c except that the amounts of
ammonium paratungstate and ébbalt nitrate were changed,
sodium nitrate was used in addition to cesium nitrate,
then lead nitrate and tellurium dioxide were added, and

20 firing was carried out at 530°C for 6 hours in an air
stream. ' -

The catalyst (12-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.
Mo, W .5Bi Fe;Co,Csy jNay oPbg jTe; 511,35

25 A catalyst (13-c) was prepared in the same
manner as for the catalyst (12-c) except that the amounts
of lead .nitrate and tellurium dioxide were changed,
antimony trioxide was used, and firing was carried out at
450°C. B

30 The catalyst (13-c) had the~following composi-
tion in terms of atomic ratio excluding oxygen.

Mo, oWy 5BiFe,Co,Csq N2y oPby oTep.25Pp. 1515 35
750 ml of the catalyst (12-c) was filled into
the gas inlet side of a steel-made reaction tube of 25.4

35 Rm in diameter, and 750 ml of the catalyst (13-c) was

filled into the gas outlet side. A reaction was carried

Tl




g of the catalyst (6-b) was filled into the gas inlet portion of a

¢~ made reaction tube of 25.4mmin dianmeter. and 750 ml of the catal yst

%) was filled into the gas outlet portion. A reaction was carred out

i he same manner as in Exanple 1-b. The results are shown in Table 4-b.

par ative Exanple 18 -Db A reaction was carried out in the sanme

ner as in Exanple 9-b except that no ca¥8l yst (7-b) was used and only

t catal yst (6ab)igltbeOsang masnér| hedinTBrampial Lscar eThhonasiubtFabl e
Conparat 1 ~c. A reaction was carried out in the sane

ner as in Eéyg %gégpbfgxggb? that no catal yst (6-b) was used and only

cat al yst (WXQWP{E Edocm ) was filled. The results are shown in Table

Exanpl e 10-b A suspension was prepared in the same manner as

5 1in Example l-c except that cobalt nitrate was replaced by
nickel nitrate, cesium nitrate was replaced by rubidium
nitrate and strontium nitrate, the amount of tellurium
dioxide was c¢hanged, and niobium pentoxide was used. The
suspension was subjected to evaporation to dryness. The

10 residue was molded into rings of 6 mm in outside dia-
meter, 6.6 mm in length and 2.0 mm in inside diameter of
through-hole, and fired at 550°C for 6 hours in an air
stream to prepare a catalyst {(l4-c).

The catalyst (14-c) had the following composi-

15 tion in terms of atomic ratio excluding oxygen.

MolZWZBiIFelNiBRbQ.8sr0.lTe0.8Nb0.ZSi1.35

A ring-~shaped catalyst (15~c) was obtained in
the same manner as for the catalyst (14-c) except that
the amounts of ammonium paratungstate, ferric nitrate,

20 nickel nitrate, telurium dioxide and niobium pentoxide
were changed, and the firing temperature was changed to
470°C.

The catalyst (15-c) had the following composi-
tion in terms of atomic ratio excluding oxygen.

25 Moy Wy, 4BijFey oNigRb, g5y ;Tey 105 251 35

A reaction was carried out in the same manner
as in Example l-c. The results are shown in Table 4-c.
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wT|Bi[err] Fe[err] ,
err]Ro[err]Baferr]Mg[err] Te[err] Pb[err}Zn[err] Ti[err] 750 m of the
al yst (8-b) was filled into the gas inlet side of a steel-nmade reactor
5.4 nmin dianeter, and 750 ml of the catalyst (9-b) was filled into
gas outlet side. A reaction was carried out in the same manner as in
mple 1 -b except that the reaction tenp@rature was changed to 350[err]C.
results are shown in Table 4-b. Conparative Exanple 20-b A

ction was carried out in the same nmanner as in Exanple 10-b except that

catal yst (8=b ! ) was
gl ed The remﬂts ay e shomn I n Tabl e 4 b. Cbnparatlve Exanple 21-b A
réfiction was fasried out in the same manner as in Exanple 10-b dxcept that
nogcat al yst ( }ﬁD ¥als used and only the catalyst (9-b) (1,500 nij) was
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&l e 11-b A suspension was prepared in the same nmanner as in

Eple 1-b except that lithiumnitrate was used together with cesium
trate, bariumnitrate was replaced by calciumnitrate, then there were
led antinony trioxide and man- ganese nitrate, and silica sol was

bl aced by zirconiumnitrate. Usi ng the suspension, a catalyst (10-Db)

®s prepared in the sane nmanner as in Exampl e 10-b. The catal yst (10-b) had
foll owi ng conposition in ternms of atomic ratio excludi ng oxygen.
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My[err] Sb[err]

atal yst (10-b) except that calciumnitrate was replaced by nagnesi um

|

The catal yst (11-b) had the followi ng conposition in terns of

A catal yst (11-b) was prepared in the same manner as for the
tom c rati o excludi ng oxygen.

[err]Werr]Bi[err]Fe[err]CJerr]CS[err]Li[err]

[err]Zr[err]

Itrate.
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‘'ml of the catalyst (10-b)was filled intothe gas inletportion of a

el - made reaction tube of 25.4 mmin dianmeter, and 750 m of the catalyst
-b) was filled into the gas outlet side. A reaction was carried out
t he sane manner as in Exanple 1-b. The results are shown in Table 4-b.
arative Exanple 22-b A reaction was carried out in the same nmanner
in Exanple 11-b except that no catal yst83( Fl-b) was used and only the
alyst (10-b) (1,500 n1) was filled. The results are shown in Table 4-b.

Cofqpar ati ve Exgmpte—2 A TeEactTomwas carried out in the sanme manner
as{in Exanple 115§ excbﬁg Ehat ho @t yst (10-b) was used and only the
cafal yst (11-b) 6l°50 m) was filled. ThQ results are shown in Table 4-b.
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Claims
1. A process for producing methacrolein and metha-
crylic acid by subjecting at least one material selected
from isobutylene, t-butanol and methyl t-butyl ether to

gas phase catalytic oxidation with molecular oxygen or a
- molecular oxygen-containing gas using a fixed bed multi-
éf tubular reactor, which process is characterized in that:
E () there are_.used, as catalysts, compound oxides re-
iﬁ‘: presented by the following general formula (I)

R Mo, Wy,Bi FeqRA BrC Dy E; Oy

(in the formula, Mo represents molybdenum, W represents
tungsten, Bi represents bismuth, Fe represents iron, A
represents at least one element selected from nickel and
cobalt, B represents at least one element selected from
alkali metals and thallium, C represents at least one
element selected from alkaline earth metals, D represents
at least one element_selected from phosphorus, tellurium,
antimony, tin, cerium, lead, niobium, manganese, arsenic
and zinc, E represents at least one element selected from
silicon, aluminum, titanium and zirconium, and O re-
presents oxygen; a, b, C, d, e, £, g, h, i and x re-

;i,, | present the numbers of atoms of Mo, W, Bi, Fe, A, B, C,
- D, E and O, respectively; when a is 12, b = 0-10, ¢ =
0.1-20, ¢ = 0.1-20, e — 2-20, £ = 0-10, g = 0-10, h =
0-4, i = 0-30 and x = a value determined by the oxidation

states of individual elements),

gd) each reaction tube has 'a plurality of reaction zones
formed by dividing the catalyst layer in the reaction
tube into two or more portions in the axial direction of
the tube, and (7') the plurality of reaction zones are
filled with catalysts shown in the above (l{) having
different activities, prepared by varying the types
and/or amounts of the elements constituting the A group,
B group, C group and E group in the general formula (1)
and/or with catalysts shown in the above (%) having
different activities, prepared by varying the amount of

\\\\\\\\\\\\\\\\\\
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at least one element of W, Bi-and Fe in the general
formula (I), in such a way that the activity of filled
catalyst becomes higher as a material gas proceeds from
the inlet to the outlet.'
2. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses
catalysts of different activities prepared by varying the
types and/or apaunts of the elements constituting the A
group, B group, C group, D group and E group in the
general formula (I) and further by varying the firing
_ temperature employed in catalyst preparation, and/or

J catalysts of different activities prepared by varying the
amount of at least one element of W, Bi and Fe in the
general formula (I) and further by varying the firing
temperature employed in catalyst preparation.
3. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses
catalysts of the general formula (I) (wherein when a is
12, b = 0-10, ¢ = 0.1-10, 4 = 0.1-20, e = 2-20, £ =
0.001-10, g = 0-10, h = 0-4, i = 0-30 and x = a value
determined by the oxidation states of individual ele-
ments) of different acti&ities, prepared by varying the
type(s) and/or amount(s) of the B group element(s) in the

general formula (I).

4. - The process for producing methacrolein and
methacrylic acid according to Claim 3, which uses
catalysts different activities prepared by varying the
type(s) and/or amount(s) of the B group element(s) in the
general formula (I) and further by varying the firing
temperature employed in catalyst preparation.

5. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses
catalysts of the general formula (I) (wherein when a is
12, b = 0-10, ¢ = 0.1-10, 4 = 0.1~-20, e = 2-20, £ = 0-10,
g = 0.001-10, h = 0-4, i = 0-30 and x = a value deter-
mined by the oxidation states of individual elements) of
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different activities, prepareéd by varying the type(s)
and/or amount(s) of the C group element(s) in the general
formula (I). '

6. The process for producing methacrolein and
methacrylic acid according to Claim 5, which uses
catalysts of different activities prepared by varying the
type(s) and/or amount(s) of .the C group element(s) in the
general formuia (I) and further by varying the firing
temperature employed in catalyst preparation.

7. The process for producing methacrolein and
methacrylic acid according to Claim 1, which uses

- catalysts of the general formula (I) (wherein when a is

12, b = 0-10, ¢ = 0.1-10, 4 = 0.1-20, e = 2-20, £ = 0-10,
g = 0-10, h = 0-4, i = =30 and x = a value determined by
the oxidation states of individual elements, with a
proviso that b, h and i do not take a value of 0 inde-
pendently) of different activities, prepared by varying
the types and/or amounts of the elements constituting the
A group, D group and E group in the general formula (I},
and/or catalysts of the general formula (I) (wherein

vhen a is 12, b = 0-10, ¢ = 0.1~-10, d = 0.1-20, e = 2-20,
f =0-10, g = 0-10, h = 0-4, i = -30 and x = a value
determined by the oxidation states of individual ele-
ments, with a proviso that b, h and i do not take a value
of O independently) of different activities, prepared by
varying the amount of at least one element of W, Bi and
Fe in the general formula (1) .

8. The process for producing methacrolein and
methacrylic acid according to Claim 7, which uses
catalysts of different activities prepared by varying the
types and/or amounts of the elements constituting the A

‘group, D group and E gioup in the general formula (I) and

further by varying the firing temperature employed in
catalyst preparation, and/or catalysts of different
activities prepared by varying the amount of at least one
element of ¥, Bi and Fe in the general formula (I) and
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further by varying the firing temperature employed in
catalyst preparation.

9. The process for producing methacrolein and

methacrylic acid according to any of Claims 1 to 8,
wherein the number of the reaction zones is 2 or 3.

10. The process for producing methacrolein and
methacrylic acid according to any of Claims 1 to 9,
wherein the gatalysts are ring—shaped catalysts with a
through-hole in the length direction, having an outside
diameter of 3-10 mm, a length of 0.5-2 times the outside
diameter and an inside diameter (the diameter of the
through-hole) of 0.1-0.7 time the outside diameter.
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Abstract

The present invention provides a process for
producing methacrolein and methacrylic acid by subjecting
at least one material selected from isobutylene, t-
butanol and methyl t-butyl ether to gas phase catalytic
oxidation with molecular oxygen or a molecular oxygen-
containing gas using a. fixed bed multi-tubular reactor.

The-process is characterized by the following
(%), (A) and (7).
(0C) There are used, as catalysts, compound oxides
represented by the following general formula (I)

ManbBl FedA Bng h i x
(in the formula, Mo represents molybdenum, W represents
tungsten, Bi represents bismuth, Fe represents iron, A
represents at least one element selected from nickel and
cobalt, B represents at least one element selected from
alkali metals and thallium,~C represents at least one
element selected from alkaline earth metals, D represents
at least one element selected from phosphorus, tellurium,
antimony, tin, cerium, lead, niobium, manganese, arsenic
and zinc, E represents at least one element selected from
silicon, aluminum, titanium and zirconium, and O re-
presents oxygen; a, b, ¢, 4, e, £, g, h, i and x re-
present the numbers of atoms of Mo, W, Bi, Fe, A, B, C,

"D, B and O, respectively; when a is 12, b = 0-10, ¢ =

0.1-20, 4d = 0.1-20, e = 2-20, £ = 0-10, g = 0-10, h =
0-4, i = 0-30 and x = a value determined by the oxidation
states of individual elements). '

Q@) Each reaction tube has a plurality of reaction
zones formed by dividing the catalyst.dayer in the re-
action tube into two or more portions in the axial direc-
tion 'of the tube. _

a The plurality of reaction zones are filled with
catalysts shown in the above (0{) having different
activities, prepared by varying the types and/or amounts
of the elements conétituting the A group, B group, C
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group, D group and E group in the general formula (I)
and/or with catalysts shown in the above (X, ) having
different activities, prepared by varying the amount of
at least one element of W, Bi and Fe in the general
formula (I), in such a way that the activity of filled
catalyst becomes higher as a-material gas proceeds from
the inlet to the outlet.
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-30- - Exanple 1-c 1, 456 QHH“MHmumI“ ﬁllate ind RERLACKMENErSHEETS  SG
nit+até& were dissolved in 1,000 f LidPesmuiptiomi paged e... togmaged .....

di Ssol ved in TAgUe é% —acid sol ution consistilddCiefm80 nipagéd..... to paged.....
concentrated n|tr| c %ﬁ? djEE m of ter. Selfi ddmatvirlg(s) 1pa@ed..d tofpaged .....
anmoni um par anl-y 265 of a' i im par at up gsf;wg&awre@ggas@{ M8 Cpaged 2.
in 3,000 m of mater being stirred Wddrfye®# i ng. Tp the resulting aqueous
sol ution were dropw se added the above pregared t wo HeoUS g nd
m xing was CaPROEHSSUFORTHROBUCINGr METHAER hﬁlﬁqﬁgeaﬂggﬁﬁ

di ssolving 9.B
The present invention provides a process for
producing methacrolein and methacrylic acid by subjecting
at least one material selected from iscbutylene, t-
butanol and methyl t-butyl ether to gas phase catalytic

oxidation with molecular oxygen or a2 molecular oxygen-
containing gas using a.fixed.bed multi-tubular reactor.
The process is characterized by the following
(%), () and (7).

(C) There are used, as catalysts, compound oxides

NG represanted by the following general formula (I}
Mo WbBl Fe.A B C Dh

(in the formula, Mo represents molybdenum, W represents
tungsten, Bi represents bismuth, Fe represents iron, A
represents at least one element selected from nickel and
cobalt, B represents at least one element selected from
alkali metals and thallium,”C represents at least one
element selected from alkaline earth metals, D represents
at least one element selected from phospaorus, tellucium,
antimony, tin, cerium, lead, niobium, manganese, arsenic
and zinc, E represents at least one element selected from
silicon, aluminum, titanium and zirconium, and O re-
presents oxygen; a, b, ¢, d, e, £, g, h, L and x re-
present the numbers of atoms of Mo, W, Bi, Fe, A, B, C,
D, E and O, respectively; when a is 12, b = 0-10, ¢
0.1-20, d = 0.1-20, e = 2-20, £ = 0-10, ¢ 0-10, h
0-4, i = 0-30 and x = a value determined by the oxidation

states of individual elements).

(ﬂ) Each reaction tube has a plurality of reaction
zones formed by dividing the catalyst layer in the re-
action tube into two or more portions in the axial dicec-
tion ‘of the tube.

8 The plurality of reaction zones ace filled with
catalysts shown in the above (0() having diffecent
activities, prepared by varying; ;he types rand/ &g §pount$
of the elements constituting the A" qrouo, B g:ouo,_g._‘
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g of _cesi um i $1ali Bad BeesRe of water, 79.8 g of tel lurium di oxi de and 203

g of silica s % concentration in Xi ng was
carried out. I! bt ai ned suspensi on wa
and subj ected i to dryness. The resi

STHIS i SHEET WAS BEBR &t i ng,
due wRspLADEDded inpto
pellets of 6 mMmin outside dianmeter and 6.6 mMmin
fired at 500[err]C for 6 hours in an ausgde_amto obtaln a catalyst (1-c).

ts were
Thi s cat al ysty% E;:’) Ehaéi:&d%e Jngj IEov(g noq1 Oéhélggnépaieﬁormuiaaifw c ratio

excl udi ng

Nb[err]Werr] ar[dafrqq sty rqat@[lenaqscqtmwr} irre[@ne]sp@eer}oc) havingat al yst
(2-c) was preppysack ddhd SR IBHNSI A i LA PLEPRRATLAD Shote gaLal Vst

(1 -c) except that the amount of teI urium anged 0 g.
Thi s catal yst ¥2-l8astaPnene kenandwiafy ‘tofpbosand o‘ﬁel h"t%hﬁsgﬁl’-e'é?bm c ratio

excl udi ng OXygt&f\:mula (I). in such a way that the act:.v:.ty of filled
Mo[err]Werr] B'Jtarlry] eercrc]mCOQ%rrJ Jearsr] amatdish aL proceeds from

‘the inlet to the outlet.
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Wth respect to the activities of the catal ysts (1- éﬂd‘%?—%") ENE BHEETS  SG

catal yst (2-c) has a higher activity than the catal KDE&IWPF agads Lt paged 4.
fromthe results of Conparative Exanples 1-c and 2-ic lﬁﬁ@m{d)atepagedﬁ—to?ﬁ@gedm..
m of the catalyst (1 -c) was filled into the mater}i & Dyasing(s)) etpagesal.t.i. 6npeged .....
a steel -made reaction tube of 25.4 rrm i n di ameter,} @hdbgdartn @ﬁge‘dhe to paged
catalyst (2-c) was filled into t helmat eri al gas outlet portlon
i xed gas ey GORABHAIIRG IEARACRILENY 20 METWCRILIG) I
% by vol y volune of steam and %58 By
ni trogen QeeErRUAT 1 oduced fromthe inlet of the reaction tube and a reaction

was carri ed HQ%SJ S mthactd Q[aﬁd’.ﬁ&&crﬂica&a BégCasuRlafiRd T Y
asdnt in ng m as
(SV) of %&ﬁ{%ﬁl f’k&ﬁ‘ elect ﬁ’ dneé %—@J@M% walol) Adrh bzbﬁtyt ather (methyl
Conpar at i ¥@arrEayiRhe?) ahd Subjecting the s@anfng #alelidd B g FhadeRatalR BxidHtidn with mbiBdiaBadigan BB NEr
as in Examioaarhxygemmg dgahat no catal yst (2-c) was used and only the

cat al yst ( 1lAcymiefgf 5OGsald Ravatmen risdb bretble daraly used i prodiartien abmethagiglein andresthaerylig latids

ar e shownbyitre iyftgmperatura gas phase catalytic oxidation of isobutylene and/or t-butanol. These proposals relate mainly

to the selection of the components constituting the catalyst and their ratio.
DE-QOS 33 08 625 discloses a catalytic composition corresponding to the general formuta

WSMQaprccudAsQSthQYhox

wherein

X represents K, Rb and/or Cs, .

Y represents Nb, Fa, Mn, Sn, Li, Na, Sr, Hh Ce, Ti andlor Cr.
a=2010<5,

b=0t0 3,

c=0.1103,

d=001to1,

e=0to1,

f=0t02

g=001t03,

h=0to1,

X reprasents the number of oxygen atoms required to saturata the valence of the components of said catalytic
composition.

EP-A-0 102 641 relates to a catalyst for manutacturing methacrolein by the vapor phase oxidation of isobutylene
or tertiary butanol, said catalyst having the composition represented by the foliowing formula

Mo, W,Bi Fe A B,C 0,0,

wherain

A represents at least one element selected from the group consisting of nickel and cobait,
B represents at least one element selacted from the group consisting of alkali metals, alkaline earth metais and
thatlium,
C represants at least one element selected from the group consisting of phasphorus, tellunum. antlmony. tin,
cerum, lead, niobium, manganesa and zinc,
D represents at least ane element salected from the group consisting of silicon, aluminium, zirconium and titanium,
a, b, ¢, d, e, f g, handXx raspectively represemtheatom;c ratios of Mo, W, 8i, Fa, A, B, C, D, and O, and when
als fixed at 12,
b is from 0 t0 10,
cisfrom0.110 10,
dis from 0.1 t0 20,
" eisfrom21t020,
tis fromQ to 10,
gisfromQto4,
h is from 0 to 30 and
x is a number detarmined by the atomic valences of the individual elemaents,

and being moided in the shape of a hollow cylinder having an outside diamater of 3.0 to 10.0 mm, an inside dlameter
0.1 0 0.7 times the outside diametar and a langth 0.5 to 2.0 times the outside diametar.

The above oxidation reaction ig a highly exothemic reaction. Tharafare, in the reaction, heat build-up in the catalyst
layer s large; particularly in the abnormally hot areas called "hol spots®, product yield is low due to an excassive

This is the replacement shest
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Conparatlve Exanpl e 2-c A reaction was carried out in the same nmanner
as' in Exanple 1-c except that no catalyst (1-c) was used and only the
cat al yst (2-c¢) (1,500 M) was filled into the reaction tube. The results

are shown in Table 1-c. Conparative Exanple 3-c A catal yst (3-c) was
prepared in.the sane manner as for the catalyst (1-c) except that the
anount of tellurium di oxide used was changed to 43.9 g. The cat al yst
(3-c) had the follow ng conmposition in téfhs-of atom c ratio excluding
oxygen. oxid ction reover, orau k ce hi ermal loa dcatal Illeis
VDL 1 1] W Rhiohdsh bitdel P, AeatobE el B ﬁ’iét&rﬂ, AL thumtria pradicd & 6 bl

was carri g,ddaﬁu,l.tmuran trhehes@m.ummaﬁaozaﬁnds i Ak pBrticutafly Whek BB konkdAfidtiorddd |m¥teﬂiah e

cat al yst ga-icradé figleQdthétdphce velocity is made larger (such reaction conditions are hereinafter referred to as *high-
load reaction conditions® in some cases) in order 1o enhance the productivity; as a result, the reaction conditions of
the oxidation raaction are considerably restricted currently.

Hence, minimization of heat build-up in hot spots is very important for industrial production of methacrolein and
methacrylic acid at high yields as well as for reduction of catalyst deterioration and resuitant stable operation over a
long pericd. Prevention of heat build-up in hot spots is particularly important in molybdenum-based catalysts because
the molybdenum component causes easy sublimation.

Various proposals have hitherto been made in order 10 suppress heat build-up in hot spots. For example, Japanesa
Patent Publication No. 36740/1987 proposes the use of a ring-shaped catalyst, The document describes that the
change of catalyst shape from spherical or columnar shape 1o ring shape in the moldad catalyst conventionally used
for oxidlation of iscbutylene or t-butanol can suppress heat build-up in hot spots and accordingly an excessive oxidation
reaction, and is very effective for the improvement of product yield. This method certainly has an effect of reducing the
thermal load for catalyst, but gives no sufficient results under high-load reaction conditions, in particuiar.

Also, a2 method in which catalysts of different activities are filled in a plurality of reaction zones formed by dividing
the catalyst layer of reactor and in which an oxidation reaction is carried out in the reaction zones, is known in Japanese
Patent Publication No. 38331/1 888 for production of, for example, acrolein and acrylic acid from propylene.

GB-A-2 044 764 relates to a process for producing acrolein and acrylic acid by vapour-phase catalytic oxidation of -
propylene using a multi-tubular, fixed-bed reaction vessel, which is characterized by

a) the use, as a reaction catalyst, of a composite oxide catalyst represented by the formula:
Mo, Bi,Fe A,8,CD,Si,0,

wherein: A is at Isast one element selected from Co, Ni, and Mg; B is at least one element selected from P, B, and
As; C is at least one element selected from Li, Na. and Mn; D is at least one element selected from K, Rb, Cs and
" TLbis0.4to7,cisfrom0.1104,disfrom210 10, eisfrom 010 2, fisfromOto 2, gisfromOto 2 and h is from
0 to €0, and x is a number satistying the valences of the elements other than oxygen when a is 12; and
b) an arrangement of the catalyst in ‘each reaction tube wherein the catalyst is packed in the tube in a plurality of
divided sections disposed successively in the tube axial direction to form the bed and respectively having activities
which have been so controlled by varying the composition of the Component D or/and the quantity (or quantities)
of the element (or elements) thereof that the activities increase from the tube injet towards the tube outlet.

FR-A-2 114 414 relates 10 a process for the preparation of acrylic acid using catalysts of different activities. Said
catalysts are prepared by diluting the catalytically active catalysts with an inert compound so as to reduce the activity
of the catalytically active composition.

GB-PS 1 529 384 relates to the oxidation of propylene and isobutylene to obtain the correspondmg unsaturated
aldehydes and acids. This document teaches to use two catalysts having diflerent physical forms. The first catalyst is
a coated catalyst, and the second catalyst consists essentially of the catalytic material.

Further, Japanese Laid-Open Patent Publication No. 127013/1976 discloses the use of a combination of a sup-
ported catalyst and a molded catalyst essentially of the same composition for production of unsaturated aldehydes
and acids from propylene and iscbutylene. The document shows, in Examples, specific cases of producing acrolein
and acrylic acid from propylene, but discloses no specific case of producing methacrolein and methacrylicacid from
isobutylene. Therelore, it is difficult to evaluate the effect of the above technique on the production of methacrolein
and methacrylic acid from isobutylene.

In the reaction for producing methacrolein and methacrylic acid by subjecting iscbutylene, t-butanot or methyl t-
butyl ether to gas phase catalytic oxidation, ail of these starting materials have a methyl group at the a-position unlike
propylene; accordingly, there occur many side reactions caused by the presence of methyl group, such as parallel
reactions, successive reactions and the like, producing a number of by-products in large amounts. For example, the
heat generated in the reaction for producing methacrolein and methacrylic acid from isobutylene is larger than that for
producing acrolein and acrylic acid from propylene; this aggravates the heat build-up in catalyst iayer and promotes
the formation of by-products by side reactions. Further, methacrolein is unstable as compared with acrolein and easily
gives rige 10 so-called "post-reactions* such as autoxidation and the like, worsening the product yield.

As described above, the reaction for producing methacrolein and methacrylic acid by oxidation of isobutylene, t-
butanol or methyl {-butyl ether is complex as compared with the reaction for producing acrolein and acrylic acid by
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was filled into the reaction tube. The results are shown in Table 1 -c.
It is appreciated fromthe results of Table |I-c that the catalyst (1 -¢)
has a very low activity, the catalyst (2-c) has a high activity but a | ow
selectivity, and both of themgive a |low total per-pass yield while the
cat al yst system of .t he present I nventden which is a conbination of the .
catalysts (1 -c) and i ves a high total per-pass yi el d and produces
i nt ended Oﬁigqﬂﬁ'a‘{! PEPYIeNS, ‘Pm)p %1‘8 gﬁlq iptended ts atih h gl r;?‘ i Thytafore, the application of the
(-]

ry techniques obtained in non of"acrolein, acrylic acid, alc. t on of methacrolein and meth-
ac:yuc acid has not been sufficiantly eﬂecuve and further study has been necessary in arder to davaiop a catalyst or
procass suitably used for production of methacrolein and methacrylic acid. '

An object of the prasent invention is to provide a procass for producing methacrolein and methacrylic acid at high
yialds by subjecting at least one matarial salacted from isobutylana, tbutanot and methyl t-butyl ether, to gas phase
catalytic axidation.

Anocther object of the prasent invention is to provide a process for producing methacrolein and methacrylic acid
by subijecting at least one material selectad from isobutylene, t-butanol and mathyl t-butyl ether, to gas phase catalytic
oxidation, in which process heat build-up in hot spots in catalyst layer is supprassed to improve yiekis of mathacrolein
and methacrylic acid, prevent catalyst deterioration and anable long stabie use of catalyst.

Still another object of the prasent invention is to provide a proceass for producing methacrolein and methacrylic
acid by subjecting at least one material selacted from isobutylene, t-butanol and methyl t-buty! ather, to gas phase
catalytic oxidation under high-lcad reaction conditions, in which precess haat build-up in hot spots in catalyst layer is
supprassed to improva yields of methacrolein and methacrylic acid, pravent catalyst deterioration, enable long stable
use of catalyst and enhance productivity significantly. .

The present invention relates to a procass for producing methacrolein and methacrylic acld using a fixed bed muttitu-
bular reactor, said process comprising the foilowing steps

(o) preparing as catalysts compound oxides having diffarent activities reprasented by the following general tormuia
(0] '

Mo,W,Bi Fe A ,8/C,D,E0,

{in the formuia, Mo represents molybdenum, W rapresents tungsten, Bi rapresents bismuth, Fe represents iron,
A reprasents at least one slement selected from nickel and cobalt, B represents at least one siement selected
from alkali metals and thallium, C reprasents at least one element selected from alkaline earth metals, D reprasents
at least one element selectad from phosphorus, tellurium, antimony, tin, carium, lead, niobium, manganese, arsanic
& and zine, E represents at least one alement selected from silicon, aluminuem, titdnium and zirconium, and O rep-
rasents oxygen; a, b, ¢, d, 8, 1, g, h, i and x reprasent the numbers of atoms of Me, W, Bi, Fe, A, B, C, D, E and
Q, raspactively; when a is 12, b = 0-10, ¢ = 0.1-20, d = 0.1-20, @ = 2-20, { = 0.001-10, g = 0-10, h =0-4, i = 0-30
and x = a value determined by the oxidation states of individual elements) by varying the types and/or amounts of
the elements constituting the B group in the general formula {}) and turther by varying the firing temperature em-
ployed in catalyst preparation, said firing temperature being in the range of 400 10 60C°C s that the firing temper-
ature difference batween any two catalysts of the plurality of catalysts becomes at least 5°C,
{) arranging the catalysts in the axial dirsction of the reaction tube in such a way that the activity of filled catalyst
becomas higher as a material gas proceeds from the iniet to the outlet, and
() subjecting at least one material selected from isobutylene, t-butanc! and methyi t-butyl ether to gas phase
catalytic oxidation with molecular oxygen or a molecular oxygen-coniaing gas.

" The present invention is hereinafter described in detail,

Tha starting material used in tha present invention is at least one compound selected from iscbutylens, t-butanol
and methyl t-butyl ather, and is subjected to a reaction ordinarily in the form of a mixed gas further containing molecular
oxygen, steam and an inert gas (e.g. nitrogen, carbon dioxide). :

The catalysts used in the present invention are compound oxides represented by the abave-mentioned general
formula (1). The method for preparing the catalysts and the materials used tharefor have no particular restriction, and
the catalysts can be preparad by employing the method and materials genarally used in the preparation of same type
catalyst.

In the present invention, a plurality of catalysts of differant activitias, sach represented hy the genaral formula (1)
are prepared and filled in a particular arrangemaent,

The catalysts of different activities can easily be prapared by varying the types and/or amounts of the elements
constiluting the B group in the general formula (f) (that is, the catalysts of different activities can be obtained by varying
the type and/or amount of at least one elament selacted from alkali metals and thallium {the varigtion must be made
within the atomic ratio specified by { in the general formula (1)]) and furthar by varying the firing temparature employed
in catalyst preparation. Specifically, the catalysts of different activities ara prapared by varying the firing temperature
(400-600°C) amployed in catalyst praparation, so as o gnve a firing temperature diflarence of at least S°C betwaen
any two diffarent catalysts.
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-31- When the catal yst (3-c) having a conposition internedi ate between
those of the catalysts (1-c) and (2-c) is corn pared with the catalyst
system of the present invention which is a conbination of the catalysts
(1-c) and (2-c), the catalyst (3-c) gives a lowtotal per-pass yield and a
very |arge t'enperature difference (a very |arge AT) between the reaction
tenperature and the highest tenperature i_{]_ catalyst layer. Therefore, it is
thought that catalyst deterioration due to thermal load is striking in the
cat al yst ( 3-Tbq fiindcarparetira Gmloyekitin tafaly@irepakatiaht if thet diddbnt lild&hisH i8.0dsCmdfidRed finold) ©
cat al yst @®-809°C. arelarablygSesiret anti al |y the same conposition as the pr esent
It can bel®aie ' ; Trequrveq WY sewingye \ :
i nvention Ee%:%?:ﬁ‘ ﬁ{n&m&q‘urx tﬂe ii"’ﬂera_ plp ﬂl\; pe@]pe[atarﬁ gareneaisions lhprbsé_. betw.een
: Plaranes st Py g fiis e fiipiapce 8 nquffcien

Exanpl e Zbdnsen these céal{sga\ﬁir S s fifing tempériture diflerance fs not prele le. P&, nna tempergture dit-
Exanpl e 1 terdnceméeciiiibe thades Ay Qrg@ d'i ﬁil(*ﬁ? ﬁre%i ly 10-70°C. ¢ ,
mol ded i Nt O A'pluRERS ofRhtalfits N BohtRbiiédditvit rébTel 6/ varyRg fhe tJ5 anllorlafmBM dha BB rind tahiM 1 N
i nsi de di perstresmpiiedinvamiysystedacilic. The thus prepared catalysts are filled into reaction zones formed by dividing

the catalyst layer of each reaction tube, in such a way that the activity of filled catalyst becomes higher as a material

gas proceeds from the iniet to the outlet. in this case, the amount of the B group element(s) is prelerably such that f =

0.001-10 when Mo = 12 in the general formula (1).

Atleast two catalysts selected from the catalysts of controlled activities mentioned above are filled into the reaction
zones formed by dividing the catalyst layer of each reaction tube, in such a way thatthe activity of filled catalyst becomes
higher as a material gas proceeds from the inlet to the outlet.

In the present invention, “activity* refers to the conversion of starting material.

The method according to the prasent invention is preferable because it gives high conversion of starting material and
high selectivities of intended products and, as a result, gives intended products at high yields. in this method use of a
pluraiity of catalysts prepared by varying the type and/or amount of at least one element selected from the 8 group
elements and further by varying the firing temperature empioyed in catalyst preparation, is particularly preferable be-
cause it causes no catalyst deterioration over a long pariod of time and gives intended products at high yieids. In this
case, the firing temperature in catalyst preparation is varied in the range of 400-600°C so that the firing temperature
difference between any two catalysts of the pluraiity of catalysts becomes at least 5°C.

The tungsten component is effective for improvement of catalyst activity, and its use in combination with the 8
group element(s) gives a catalyst of significantly improved activity but of no reduced selectivity. The proportion of
tungsten used is 0-10, preferabiy 0.5-10 when the proportion of molybdenum used is 12.

The methods specified by the present invention, described in detail above, i.e., the present methods for control of
cataiyst activity by variation of catalyst composition and firing temperature have made it possible to produce methac-
rolein and methacrylic acid at high yields over a long period of time. The prasent invention is presumed to have the
following functions. .

Control of catalyst activity is made possible by varying the chemical properties or physical properties or both of

- catalyst.

Control of catalyst activity by composition variation is believed to bring about variation of chemical properties of
catalyst. Such variation gives rise to variation of catalyst adsorbability for starting material {isobutylene, t-butancl.or
methyl t-butyl ether), or variation of removability of products (methacrolein and meéthacrylic acid) from catalyst; thus,
catalyst activity and selectivity are varied,

Meanwhile, variation of firing temperatura is believed to contribute not enly to variation of chemical properties (e.

g. crystalline structure, stability) of catalyst, but also to variation of physical properties (namaely, specific surface area,
pore volume, distribution of pore diameters) of catalyst. it is believed that variation of firing temperature has made it
possible to obtain a catalyst having physical properties most suitable for an intended reaction and, as a result, attain
high yields. ’ .

In the reaction for producing methacrolein and methacrylic acid, a number of by-products are generated in a large
amount, as mentioned previcusly, Hence, by preparing catalysts differant in chemical properties and preferably even

. in physical properties, optimization of catalysts has been achieved, whereby high yields and longer catalyst life have
been realized.

The catalysts used in the present-invention can be made into molded catalysts by an crdinary molding method
such as extrusion moiding method, tablet molding method or the like, or into supported catalysts by allowing an ordinary
inactive carrier (a.g. silicon carbide, alumina, zirconium oxide, titanium oxide) to support a catalyst component, i.e., a
compound oxide represented by the general formula ().

The types of a plurality of catalysts filled into reaction zones may be the samae or different. When the number of
the reaction zones is, for example, 2, it is possible 1o arrange a supported catalyst in a reaction zone aiso functioning
as a material gas inlet and a molded catalyst in a reaction zone also functioning as an outlet.

The shapes of the catalysts used in the present invention have no particular restriction and can be any of spherical
shape, columnar shape, ring shape, etc. The use of ring-shaped catalysts, in panticular, can give various advantages
such as prevention of heat build-up in hot spots, increased yield, pravantion of catalyst detarioration, raduced pressure
loss in catalyst layer, and the like. Therelore, ring-shaped catalysts can be preferably used in the present invention.

The preferable dimensions of the ring-shaped catalysts are such that the outside diameter is 3-10 mm, the length is

- 3
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Thé results are shown in Table 1 -c. Conpar ati ve Exanple 4-c A
.reaction was carried out in the sane manner as in Conparative Exanple 1-c
except that the catalyst (1 -c) was nolded into rings of 6 mmin outside
diameter, 6.6 mmin length and 1 mmin inside dianmeter of through-hole. The
results are shown in Table 1 -c. Conpar ati ve Exanple 5-c A reaction
was carried out in the same manner as in Conparative Exanple 2-c except
that the catalyst (2-c) was nol dedSrnto rings of 6 nm in outside di aneter,

6.6 mmi et er thro results
are sh O@Eﬂ){;ﬁﬂ% gagz%’:ﬂ:ﬁ}%%%?ﬁ ? ame(iier dlamrter Q !he QU le I?orme% in t.he ength dirac-

Tha shapes of a plurality of catalysts filled into reaction zones may bae the same or different. When the number of
the reaction zones is, for axample, 2, good results are abtained by arranging a ring-shaped catalyst in a reaction zone
also functioning as a material gas inlet and a pellat-shaped catalyst in a reaction zone aiso functioning as an outlet.

In the prasent invantion, the catalyst layer in aach reaction tube is divided into two or more portions in the axial
diraction of tha tube to iarm a plurality of reaction zonas. In thesa reaction zones ara arranged a piurality of catalysts
of different activities as mentioned abova, in such a way that the activity of filled catalyst bacomes higher as a material
gas proceads from the iniet to the outlet. That is, a catalyst of lowast activity is arranged in the reaction zone aiso
functioning as a material gas inlet, and a catalyst of highest activity is arranged in the reaction zone also functioning
as a material gas outlet. Such arrangement of a plurality of catalysts of differant activities makes it possible to suppress
heat build-up in hot spots and obtain intended praducts at high yields.

The larger the number of reaction zones formed by dividing the catalyst layer, the easier is the control of temperature
distribution in reaction zanes. However, 2 or 3 reaction zones can sufficiently attain an intended affect industrially. The
division ratio cannot be specified in a particular range baecause it difters by the composition, shape, stc. to be possessed
by the catalyst of each reaction zone. Desirably, the division ratio is appropriately selected so that the overall activity
and selectivity become optimum.

The gas phase catalytic oxidation reaction of the present invention may be carried out by an ordinary single-pass
method or a recycle method. The oxidation reaction can be affected under the conditions generally empioyed in similar
reactions. For example, a starting matarial, Le. a mixed gas consisting of 1-10% by volume of at least one compound
selected from isobutylene, t-butancl and methyl t-butyl sther, 3-20% by volume of molecuiar oxygen, 0-60% by volume
of steam, 20-80% by volume of an inert gas (e.g. nitrogen, carbon dioxide), ete. is introduced into the above-mentioned
reaction zones at a temperature range of 250-450°C at a pressure of normal pressure to 1.013 MPa (10 atm.) at a
space velocity (SV) of 300-5,000 hr? (STP).

In the prasent process, as compared with conventional processes, particularly excalient results can be obtained
under high-load reaction canditions employed far higher productivity, for example, under the conditions of higher ma-
terial concentration or higher space velocity.

In the present invention, various maritorious effects such as mentionad below can be obtained by filling a plurahty
of particular molybdenum-basad catalysts of different activities into a plurality of reaction zones formed by dividing the

catalyst layer in each reaction tube, in such a way that the activity of filled catalyst becomes higher as a material gas
proceeds from the inlet to the outlet,

(a) Methacrolein and methacrylic acid can be obtained at high yields.
{b) Heat buiid-up in hot spots can be suppressed affectively.

(c) The excessive oxidation reaction in hot spots can be prevented, and intended methacrolein and methacryluc
acid can be obtained at high yields.

() Catalyst deterioration due to thermal load can be prevented and stabie use of catalyst over long pericd is
possible.
(e} Intended methacrolein and mathacrylic acid can be obtained at high yields aven under high-load reaction con-

ditions (e.g. high matarial concentauon. high space velocity). As a rasult, significantly increased productivity can
be obtained.

Further, the following effect can additionally be obtained by the use of ring-shaped catalyst.
() Pressure loss in catalyst layer is raduced, whersby electricity consumption can be iowered.

Thus, the process of the present invention is very useful for industrial production of mathacrolein and methacrylic
acid. .

{Examples}]

Thae prasent invention is heraginatter described more spacifically with reference to Examples.
Canvarsion, selectivity and tatal par-pass yield are defined by the following fomulas.

Convarsion {(mole %) =

-

{molas of starting material reactad) + (molaé of starting material fad) x 100
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A reaction was carried out in the sane manner as in Conparative Exanple 3-c
except that the catalyst (3-c) was nolded into rings of 6 nmin outside
dianeter, 6.6 nmin length and 1 mMmmin inside dianeter of through-hole.
results are shown in Table 1 -c. I n Exampl e 2-c and Conparative
Exanples 4-'c to 6-c. the shapes of the catalysts (1-c) to (3-c) were

changed frompellets to rings.

The

It is apprgciated fromthe results of Table

1-c that the change of catal yst shape to TIngs gives inprovenent in yield
and reduction in AT.in all of the sgp%g%xﬂ%es%)gl -c) to (3-c). but the
|

catal yst system of the present i nven

(2-c¢)

usi'ng the catalysts (1 -c) and

i nbi L offiac | i fofe 8 r th
I'n combi Gaes B ﬂéYoﬁ‘e&oﬂmM@ﬁrac{HC g%l g)rﬂ?g_sgo)f%ha&ﬁr bdcthafvad t he

single use of the catalyst (1-c¢), (2- : anpl e "3-¢ A

reacti on was carrjed out

the catal yst (1-c)”was nol.ded i Trtaperpasggeldfmod%D=nm i n out si de di aneter.

mmin length and 1.9 mmin inside dianmeter of through-hole. The results
shown in Tabl e @obgofmethacrolemandmemactyhc acid formed) + {moles of starting material fed) x 100 :

Example 1-a2

1.456 g of cobalt nitrate and 202 g of ferric nitrate were dissolved in 1,000 mi of water. 243 g of bismuth nitrate
was dissolved in an aqueous nitric acid solution consisting of 30 ml of concentrated nitric acid and 120 mi of water.
Separately, 1,059 g of ammonium paramolybdate and 265 g of ammonium paratungstate were dissolved in 3,000

. mi of water being stirred with heating. To the resulting aqueous solution were dropwise added the above prepared two

aqueous solutions, and mixing was carried out. Thereto were added an aqueous solution obtained by dissolving 8.3
g of cesium nitrate in 200 mi of water, and 203 g of silica sol of 20 weight % concentration in this order, and mixing
was carried out.

The thus obtained suspension was stirred with heating, and subjected to evaporation to dryness. The residue was
molded into pellets of § mm in outside diameter and 6.6 mm in length. The pellets were fired at 510°C for 6 hours in
an air stream to obtain a catalyst (1-a). This catalyst (1-a) had the following composition in terms of atomic ratio ex-

cluding oxygen.
Mo, ,W,Bi,Fe,C0,4Cs; 5Si; 55

A catalyst (2-a) was prepared in the same manner as in the preparation of the catalyst (1-a) except that the amount
of cesiumn nitrate was changed to 9.8 g and the firing temperature was changed to 480°C.
This catalyst (2-a) had the following composition in terms of atomic ratio excluding oxygen.

" Mo, W,Bi,Fe,C0,,C8y Sl 55

With respect 1o the activities of the catalysts (1-2) and (2-2), the catalyst (2-a) has a higher activity than the catalyst
(1-a), as is clear from the results of Comparative Examples 1-a and 2-a shown later.

750 mi of the catalyst {1-a) was filled into the raterial gas inlet portion of a sieel-made reaction tube of 25.4 mm
in diameter, and 750 mi of the catalyst (2-a) was filled into the material gas outlet portion.

A mixed gas of a composition consisting of & % by volume of isobutylene, 13.2 % by volume of oxygen, 10 % by
voiume of steam and 70.8 % by volume of nitrogen was introduced frorn the inlet of the reaction tube, and a reaction
was carried out at a reaction temperature of 340°C at a space velocity (SV) of 1,600 hr! (STP). The results are shown
in Table 1-a. .

Comparative Exampie 1-a

A reaction was carried out in the same manner as in Example 1-a except that no catalyst (2-a) was used and only
the catalyst (1-a) {1,500 ml) was filled. The results are shown in Table 1-a.

Comparative Example 2-a

A reaction was carried out in the same manner as in Example 1-a except that no catalyst (1-a) was used and only
the catalyst (2-a) (1,500 mi) was filled. The results are shown in Table 1-a.

Comparative Example 3-a
A catalyst (3-a) was prepared in the same manner as for the calalyst (1-a) of Example 1-a except that the amount

of cesium nitrate was changed to 38 g. .
This catalyst (3-a) had the following composition in terms of atomic ratio excluding oxygen.
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It was found that the change of the catalyst filled into the inlet portion
of the reaction tube, frompellet shape to ring shape gives further

i mprovenent in per-pass yield and reduction in [err]T and accordingly the
conbi nati on of ring- shaped catal ysts gives superior results than the
conbi nati on of pellet-shaped catal ysts. Jxanple 4-c A reaction was
carried out in the sanme manner as in Exanple 1-c except that the reaction

was carried out for an extended Mb?{WQQFQEo1gd:d}?5i,lJ,Q to 4,000 hours. The
results are shown in Table |-c. it i's apprecCrated fromthe results of

Tabl & 1-c t RadactRf Wie'chdidt JuBRIINE bdeRnanRar S5 Kydn Ol 1 SV C5H 1% 9
37000 Mo st o e o K56 LBl 28 Fly AR G L0}
system of the present invention enables very stable operation over a |ong

peri od ofCanppretive E@pwipérat i ve Exanple 7-c A reaction was carried out in
the sane manner as in Canarative Exanpl e 3-c except that the reaction tine
was A catalyst (4-a) and a catalyst (5-a) were prepared in the same manners as for the catalyst (1-a) and the catalyst

(2-a), respectively, except that the firing temperatures used in the preparations of the catalyst (1-a) and the catalyst
(2-a) wers both changed to S00°C. 750 ml of the catalyst (4-a) was filled into the reaction gas inlet partion, and 750
mi of the catalyst (5-a) was filled into the outlet portion. Then, a reaction was carried out in the same manner as in
Example 1-a. The results are shown in Table 1-a.

Itis apprec;i@ed from the results of Example 1-a and Comparative Examples 1-a to 3-a that the catalyst {(1-a) has
a very low activity, the catalyst (2-a) has a high activity, and both of them give a low total per-pass yield while the
catalyst system of the prasent invention which is a combination of the catalysts (1-a) and (2-a), gives high total per-
pass vieid and produces intended mathacraiein and methacrylic acid at high yields.

Whe.n the catalyst (3-a) having a composition intermediate between those of the catalysts (1-a) and (2-a) is com-
pared with the catalyst system of the present invention which is a combination of the catalysts (1-a) and (2-a), the
catalyst (3-a) gives a low total per-pass yield and a very large temperature difference (a very large AT) between the
reactfon te'n.\pefature and the hot spots temperature. Therefore, it is thought that catalyst deterioration due to thermal
load is striking in the catalyst (3-a). Accordingly, it is appreciated that the single use of the catalyst (3-a) having sub-
stantially the Same composition as the present catalyst system in unable to achieve the effect of the present invention.

I.=um'.|er. it is clear that Comparative Example 4-a is superior to Comparative Examples 1-a to 3-a in yield and AT
but, mf-enc':r to Example 1-a using the catalysts of the present invention in said properties. Thus, it is appreciated that
tl';e van:taon of the firing temperature in addition to the variation of the 8 group elements gives a further improved
elemen .

Example 2-a

A reaction:t was carried out iq the same manner as in Example 1-a except that the catalysts (1-2) and (2-a) were
both molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole.
The results are shown in Table 1-a.

Comparative Example 5-a

A reactm was carried Qut in tl:le same manner as in Comparative Example' 1-a except that the catalyst (1-a) was
moided into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
rasults are shown in Table 1-a.

Comparative Example 6-a

A re_a'ctior‘i was carried ?ut in tr_xe same manner as in Comparative Example 2-a except that the catalyst (2-a) was
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-a. :

Comparative Example 7-a

A re.actior‘u was carried outin tl:le same manner as in Comparative Example 3-a except that the catalyst (3-a) was
molded into rings of 6 mm in outside diameter, 6.8 mm in length and 1 mm in inside diamater of through-hole. The
resulits are shown in Table 1-a.

Comparative Example 8-a
A reaction was carried out in the same manner as in Comparative Example 4-a except that lhe catalysts {4-a) and

(S-a) were both moldad into rings of 8 mm in outside diameter, 6.6 mmin length and 1 mm in inside diametar of through-
hole. The results are shown in Table 1-a.

In Examples 2-a and Comparative Examples 5-a to 8-a, the shapes of the catalysts (1-a) to {5-a) were changed

This is the replacement sheet

Date: (g FER 199§



-32- changed to 4.000 hours. The results are shown in Table 1-c.

_8_

from pellets to rings. It is appreciated from the results of Table 1-a that the variation of the catalyst shape into rings
gives an improvement in yield and a reduction in AT in each case of the catalysts (1-a) to (3-a) and the combined use
of the catalysts (4-a) and (5-a), but the catalyst system of the present invention using the catalysts (1-a) and (2-a) in
combination gives an even betler yield and an even better AT.

Examples 3-a - _

. A reaction was carried out in the same manner as in Example 1-a except that the reaction was carried out for a
longer period up to 4,000 hours. The resulls are shown in Table 1-a.
It is appreciated from the rasults of Table 1-a that even after the reaction of 4,000 hours, the reduction in catalyst
activity is very low and the reduction in yield is substantially negligible and that the catalyst system of the present
invention enables very stable continuous operation over a iong period of time.

Comparative Example 9-a

A reaction was carried out in the sams manner as in Comparative Example 3-a except that the reaction was carried
out for a longer period up 10 4,000 hours. The results are shown in Table 1-a.

in each case of Example 3-a and Comparative Example 9-a, the reductions in catalyst activity and yield after 4,000
hours are very small, and there is no large diffsrence in catalyst stability between Example 3-a and Comparative
Example S-a. it is clear therefore that the superiority in yield, of Example 1-a of the present invention over Comparative
Example 4-a appears even after 4,000 hours.

Example 4-a

A reaction was carried out in the same manner as in Example 2-a except that the reaction temperature was changed
te 360°C and the space velocity was changed to 3,000 hour? {STP). The results are shown in Table 1-a.

COmparéIWe Example 10-a

A reaction was carried out inthe same manner as in Comparative Example 4-a except that the reaction temperature
_was changed 1o 360°C and the space velocity was changed to 3,000 hour? (STP). The results are show in Table 1-a.

It is appreciated from the rasults of Example 4-a and Comparative Example 10-a that the superiority in activity and
yield, of the catalyst system of the presen invention using the catalysts (1-a) and (2-a) in combination, over the catalyst
system using the catalysts (4-a) and (5-2) in combination appears even when the space velocity is increased.

Example 5-a

A reaction was effected in the same manner as in Example 2-a except that the proportions of isobutylene and
nitrogen in material gas were changed to 7 % by volume and 69.8 % by volume, respectively. The resulls are shown
in Table 1-a.

Comparative Example 11-a2

A reaction was effected in the same manner as in Comparative Example 4-a except that the proportions of iso-

butyiene and nitrogen in material gas were changed to 7 % by voiume and 69.8 % by volume, respectively. The resuits
are shown in Table 1-a.

it is appreciated from the results of Example 5-a and Comparative Example 11-a that the superiority in yield and
AT, of the catalyst sysiem of the present invention using the catalysts (1-a) and (2-a) in combination, over the catalyst

system using the catalysts (4-a) and (5-a) in oombunatlon appears even when the isobutylene concentration is in-
cerased.

Example 6-a

A reaction was carried out in the same manner as in Example 1-a except that t-butanol was used in place of
isabutylene. The results are shown in Table 2-a.
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it is appreciated fromthe results of Table 1-c that in Conparative Exanple
(-c, as conpared wth Exanple 4-c, activity reduction and yield reduction
are both large and the catalyst has a problemin stability. Exanple 5-c

A reaction was carried out in the same nmanner as in Exanple 2-c except that
the reaction tenperature was changed tQ 360[err] C and the space velocity
was changed to 3,000 hr[err] (STP).. Theg"results are shown in Table 1-¢c
Conpar at i compdratioaxampl@i2ca A reaction was carried out in the sane manner
as in Conparative Exanple 4-c except that the reaction terT’r‘)erature was
changed to AS@eie e eared quiithe sapspanees i CrrRpeaireE Rt treeynas YRR Hrguasd )
(STP). TtRiacs lSpupyishe, The resylsaep s BP'229-c.° Conparative Exanple 9-c .

Example 7-a

A reaction was carried out in the same manner as in Example 2-2 except that there was used, as the material gas,
a mixed gas consisting of 5 % by volume of methyl t-butyl ether (MTBE). 13.2 % by volume of oxygen, 10 % by volume
of steam and 71.8 % by voiume of nitrogen, the reaction tempe'rature was changed to 360°C and the space valocity
was changed to 1,000 hr! (STP). The resuits are shown in Table 3-a. .

Comparative Example 13-a

A reaction was carried out in the sare manner as in Comparative Example 4-a except that thers was used, as
the material gas, a mixed gas consisting of 5 % by volume of methyl t-butyl ether (MTBE), 13.2 % by volume of oxygen,
10 % by voilume of steam and 71.8 % by volume of nitrogen, the reaction temperature was changed to 360°C and the
space velocity was changed to 1,000 hr' (STP). The results are shown in Table 3-a. .

Example 8-a ,
A catalyst (6-a) was prepared in the sama manner as in Example 1-a except that nickel nitrate was used in place
of cobalt nitrate, phosphoric acid was added after ammonium paratungstate, rubidium nitrate was used in place of
casium nitrate, stannic oxide was added after rubidium nitrate, aluminum nitrate was used in place of silica sol, and
the firing temperature was changed to 520°C.,
This catalyst (6-a) had the following composition in terms of atomic ratio excluding oxygen.

Mo, ,W,BiyFa, Ni,Rb, Py ,Sng <Al

A catalyst (7-a) was prepared in the same manner as for the catalyst (6-a) except that the amount of rubidium
nitrate used was changed and the firing temperature was changed to 480°C.
This catalyst (7-a) had the following composition in terms of atomic ratio excluding oxygen,

Mo, ,W,Bi,Fe, Ni,Ab, ,P4 ,Sn, gAl,

750 mi of the catalyst (6-a) was filled into the gas inlet portion of a steel-made reaction tube of 25.4 mmin diameter,
and 750 mi of the catalyst (7-a) was filled into the gas outiet portion.
A reaction was carried out in the same manner as in Example 1-a. The results are shown in Tabie 4-a.

Compara_tive Example 14-a

A catalyst (8-a) and a catalyst (9-a) were prepared in the same manner as for the catalyst (6-a} and the catalyst
(7-a), respectively, except that the firing temperature was changed to S00°C in each preparation. 750 mi of the catalyst
{8-a) was filled into the reaction gas inlet portion, and 750 mi of the catalyst (3-a) was filled into the reaction gas outlet
portion. A reaction was carried out in the same manner as in Example 8-a. The results are shown in Table 4-a.

Exampile 9-a

A catalyst (10-a) was obtained in the same manner as in Example 1-a except that no ammonium paratungstate
was used, cerium nitrate was replaced by potassium nitrats, lithium nitrate, magnesium nitrate and caicium nitrate,
titanium dioxide was used in place of silica sol, finally there were used cerous nitrate and niobium pentoxide, and the

firing temperature was changed to 520°C. . ~
This catalyst (10-a) had the fallowing composition in terms of atomic ratio excluding oxygen.

Mo,,Bi; Fe,Co,oK, ,Lig sCag Mg, 2NDg 5Ce; Tl
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A reaction was carried out in the sane manner as in Conparative Exanple 6-c
except that the reaction tenperature was changed to 360[err] C and the space
velocity was changed to 3,000 hr[err] (STP). The results are shown in Table
1-c. It is appreciated fromthe results of Exanple 5-c and Conparative
Exanpl és 8-c¢ and 9-c that the superiority in activity and yield, of the
catal yst systemof the present inventionlsing the catalysts (1-c) and
(2-c¢) in conbination, over the catalyst (1-c) or 53 c) appears even when
space vel ocfeaalEdTiiaheas gy m“\m nper@s tor the catalysh (10-a)suqept gt 1Ne-AEOLNIRSf RoBpiugy ) t

he saf@e R Tas iied e f
:got)u'?ylsene an ﬂﬁf %é‘gsnm%‘W%Wﬂ%’&é"%kﬁ’@%’ﬁ%g‘éﬂg@/g% 835\/& ume and

69.8 % by vol une, respectlvel)é The results are shown in Table 1-c.
Conpar ati ve Exanple 10-c WFe £ oKisbh2FasMoaiiosTout in the sane manner
as in Exanple 4-c ‘except that the proportions of isobutylene and
750 miof the catalyst (10-a) was filled into the gas inlet portion of a steel-made reaction tube of 25.4 mm in diameter,
and 750 mi of the catalyst (11-a) was filled into the gas outlet portion.
A reaction was carried out in the same manner as in Example 1-a. The results are shown in Table 4-a.

Comparative Example 15-a

A catalyst (12-2) and a catalyst (13-a) were prepared in the same manners as for the catalyst (10-a) and the
catalyst (11-a), respectively, except that the firing temparature was S00°C in each preparation. 750 mi of the catalyst
(12-a) was filled into the reaction gas inlet portion, and 750 mi of the catalyst (13-a) was filled into the reaction gas
outiet portion. A reaction was carried out in the same manner as in Example 9-a. The results are shown in Table 4-a.

Example 10-a

A suspansion was prapared in the same manner as in Example 1-a except that no ammonium paratungstate was
used, thallous nitrate and strontium nitrate wera used in place of cesium nitrate, thereatter there ware added tellurium
oxide, lead nitrate and zinc nitrate, silica sol raplaced by titanium dioxide, and the firing temperature was changed to
530°C.

The suspension was stirred with heating and subjected svaporation to dryness. The residue was moided into rings
of 6 mm in cutside diameter, 6.6 mm in length and 2 mm in inside diameter of through-hole, and fired at S00°C for 8
hours in an air stream to obtain a catalyst (14-a).

The catalyst (14-a) had the foliowing composition in terms of atomic ratio excluding oxygen.

Mo,,Bi; Fa,Co, Tl 757, aTeg 4P, 20y 5T,

A catalyst (15-a) was prepared in the same manner as for the catalyst (14-a) except that the amount of thallous
nitrate was changed and the firing temperature was changed to 480°C.
The catalyst (15-a) had the following compasition in terms of atomic ratio excluding oxygen.

Mo, ,Bi; Fe;C0, Tl 05 Srg 3784 1P, 20y 5T,

750 mi of the catalyst (14-a) was filled into the gas inlet portion of a steel-made reactor of 25.4 mm in diameter,
and 750 ml of the catalyst (15-a) was filled into the gas outlet portion.
A reaclion was carried out in the same manner as in Example 1-a. The resuits are shown in Table 4-a.

Comparative Example 16-a

A catalyst (16-a) and a catalyst (17-a) were prapared in the same mannars as for the catalyst (14-a) and the
catalyst (15-a), respectivaly, axcept that the firing temperatures used in Example 10-a for the preparation of the catalyst
(14-a) and the catalyst (15-a) ware changed to 500°C. 750 mi of the catalyst (16-a) was filled into the reaction gas inlet
portion, and 750 mi of the catalyst (17-a) was filled into the reaction gas outlet portion. A reaction was carried out in
the same manner as in Example 10-a. The results are shown in Table 4-a.

Example 11-2

A suspension was preparad in the same manner as in Example 1-a excapt that cesium nitrate was replaced by
potassium nitrate, barium nitrate and beryllium nitrate, then antimony trioxide and manganese nitrate were added,
silica sol was replaced by Zirconium nitrate, and the firing tempaerature was changed to 530°C.

Using this suspension, the procedure of Example 10-a was repeated o prepare a catalyst (18-a).
The catalyst (18-8) had the lollowing composition in terms of atomic ratio excluding oxygen.
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nitrogen in material gas were changed to 7 % by vol une and 69.8 % by
Vvolune, respectively. The results are shown in Table 1-c. Conparative
Exanpl e 11-c A reaction was carried out in the same nanner as in
Exanpl e 6-c except that the proportions of isobutylene and nitrogen in .
material gas were changed to 7 % by volunme and 69.8 % by vol une,
respectively. The results are shown ifjjlable 1 -c It is appremated
fromthe results of Exanple 6-c and Corrparative Exanpl es 10-c and 11-c that
the superiority in yield afWAE8iFe{00kG 2Bag:R0b )80 Myy&i em of the present

i nvention using the catalysts (1-c) and (2-c) in conbination, over the

cat al yst ( h caiyst Q0-a)lwhs Gitairdi) P sSmEManerdl RFihé SRISL(IE-4 BR et MAGRALSIA AitRfd Was

I NCr eas eplachl By Ppigs Grte apdihaliring bmmyatirewas ciiasgea @ypatced Wit h t he singl e use of
t he cat al y3te datalys J19@) had Be tollowing compesitian i tames ol seraidrato eseiwdng.oxygr ease in [err] T
of catalyst layer, in particular. Therefore, it is thought that catalyst
arrangement as in the premsgmw, Boreg dog«h,baau;a‘e;pe;udggq‘ or mnimzation of

catal yst deterioration caused by thermal

750 mi of the catalyst (18-a) was filled into the gas infet portion of a steel-made reaction tube of 25.4 mm in diameter,
and 750 mi of the catalyst {19-a) was filled into the gas outlet portion. )
A reaction was carried out in the same manner as in Example 1-a. The rasults are shown in Table 4-a.

Comparative Example 17-a

A catalyst (20-a) and a catalyst (21-a) were prepared in the same manners as for tha catalyst (18-a) and the
catalyst (19-a), respectively, except that the firing temperatures used in Example 11-a for the preparation of the catalyst
(18-a) and the catalyst (19-a) ware changed to 500°C. 750 ml of the catalyst (20-a) was filled into the reaction gas iniet
portion, and 750 mi of the catalyst (21-a) was filled into the gas outlet portion. A reaction was carried out in the same
manner as in Example 11-a. The rasults are shown in Table 4-a.

This Is the replacement sheet

08 FEB 1998

Date:-



in
The results

as
in Table 2-c.

aunyoa Aq

t L ¢ 9 UOTIRIJUIDUOD dudTAInqosy = e-1[ sdayduexy aaljeiedwo) ‘e~g drduexy
(d1LS) ﬁuuz 000’€ < 009’T K3j1o01aA aouvds = e-Qy soyduexy aajjeavduwo) ‘v~-p arduexy

yo13v1ado snonuijUoDd

Jo sanoy 000’y I93Je = v-g ardwexy aajjeiedwo)d ‘e-g arduwexg

but anol .
A reaction

in the sane nanner

The results are shown
~12-

| sobutyl ene was repl aced by t-

Conpar ati ve Exanple 12-c

A reaction was carried out
in the sane manner as in Conparative Exanple 4-c except that

99 ove sbuya (e-g) 3IsATe3wd sy 8burr (e-p) IsAtezep | e-17 ardwex3z sarzevieduo)
v9 ove sbuta (e-Z) 3sdArejwo , sbuyxr (e-7) asdqeied e-~g atduexy
£9 09¢ sbuty (e-g) 3Isdtejed / sbuyxr (e-y) 3IsAte3ed | e-gr ayfdwexy aayjeaeduo)
29 09¢ sbuta (e~z) 3IsATe3ed ; sbUyTl (e-) 3IsdTe3ze) e-p atduwexg
rd- ove g3ayrad (e-g) Isdrejes / sjarrad (v-p) Isdyeje) | ve-g avdwexy aarjeieduo)
6¥ (12 sjarrad (e-z) aIsdAtejeo y sburx (e-1) 3Isdreied e~ ardwexg
19 ove sbuta (e-g) 3IsAfejed s  sbuya (e-py) 3Isdyered| e-g
VL oveE sbutx (e-¢g) 3Isdtejen jo askey atburg | v-,
) ore sbuta (e-z) 3IsdAtejes jo i1alketr atburs| e-9
19 ove gbuta (e-7) 3Isdyejen Jo isdef atbuis | e-g erduwexy sarjzeiedwo)
09 (1124 sbuya (e-z) 3sAteaeo ,  sbuya (e-1) 3Isdreiw) e~z arduexy
oL ove sjaTred (e-g) 3IsArejed , sjayrrad (v-p) 3sdAteqen| e-y
8 ore gjaftad (ev-g) 3Isdteaed Jo 1akey aybujig | wu-g
€6 ove sjatrad (e~z) 3IsATe3ed jo ekey atbuys | e-g
89 (4% §39TT9d (e-1) 3Isdtejed Jo idfey atburg | v~y arduexy aarieieduor
89 ove g3a11ad (e-z) 3IsdAtejed / s33[Iad (v-1) 3Isdtezed e-1 atduexy
(3%) uoyliod 3d3TINQ /7 uofIiod JaTul

(Do)} -7 3IM
I v | ~e1aduay BUTT{13 38A(930D JO POU3IoN

uoy3ouay

in Table 2-c.
| sobut yene was repl aced by t-butanol.

Exanmpl e 2-c except that

are shown
wascarried out

Exanple 7-c

(SUOT3TPUOD UOTIORDIY) ¥-1 ol1qey

$S9J0N

08 FEB 1998

This is the replacement sheet

Date




Thi's is the replacenent sheet

Dat e:

. 33-

-13-

£°68 1 ' 98 L'66 e-11 ayduexy sarjeaeduwo)
6°68 [ rANA: 9°66 _ v-g atduexy
8°88 0'¢ L 98 0°66 e-07 ardwexg aayjeieduwoy
9°68 8°¢ 6°L8 8'86 v-p otduexy
£°88 e 6*99 5°86 v~ atduwexy aayiereduwo)
1°68 6°¢C 9°L8 v°86 v-¢ ardwexy
9°68 1€ 6°98 $°66 v-g .
£°L8 1°¢€ 9°68 v°86 e=y
6°58 €S 6°08 L'66 v-9
L°98 6°C 6°L8 S°G6 v-g atduexy aAarjvieduod
S°* 06 0°¢ 0°8g $°66 v~z atduexy
£°88 9°¢ 9°48 0°66 e-p
6°S8 €€ S°v8 8°L6 e-g
£*v8 9°§ 0°6L 9°66 -7 _
9°59 Vo€ $°98 ¢°56 e-1 arduexy oiuﬁumeo.u
c'68 | 2 9°98 1°66 v-1 ardwexy
(s stom) p1o% O71AI0@ 39N | UF9{0I0LYIoN (% orou)
ssud-55d" terod (v 9tow) 3147359158 ous1A1nq08T

(SUOTITPUOD UOTIOEIY) B-T 91qey,

This is the replacement sheet

Date: @ FER 1998



Conpar ati ve Exanple 13-c . A reaction was carried out in the sane manner
as in Conparative Exanple 6-c except that isobutylene was replaced by
t-butanol. The results are shown in Table 2-c. Exanple 8-c A reaction
was carried out in the sanme manner as in Exanple 2-c except that there was
used a.material gas consisting of 5 % by volunme of nethyl t-butyl ether
(MIBE), 13.2 % by vol une of oxygen, 10 % by vol unme of steam and 71.8 % by
volume of nitrogen the reaction tenperatutd®was changed to 360[err] C and
t he space velocity was changed to 1,000 hr[err] (STP). The results are
shown in Table 3-c. Con‘pag‘g.tl 7€ X3 nple 14-c '
. o

Comparative Example 12-a

Example 6-a
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A feaction was carried out in the same manner as in Conparative Exanple 4-c
except that there was used a material gas consisting of 5 % by vol une of
"MIBE, 13.2 % by vol ume of oxygen, 10 % by vol une of steam and 71.8 % by

vol une of nitrogen, the reaction tenperature was changed to 360[err]C and

t he space velocity was changed to 1.000,hr[err] (STP). The results are
shown in Table 3-c. Conparative Exanplle- 15- ¢ A reaction was carried
out in the same manner as in Conparative Exanple 6-c except that there was
used a material gas con % by vol ume of MIBE, 13 2 % by vol une

of oxygen. 10 % by volu ¥ pleam and 71.8 % py—votpme—of] nitrogen, the
reaction tenperature waps Q@nbed ¥d 360C and t|h§ spate vellocity was changed
to 1,000 hr[err] (STP).[Ftre—rgsttq are shown j B Table 3-¢ Exanple 9-c
A suspension was preparBlai ndhe sqme manner as!ip*Ekapphg 1-c¢ except that
cobalt nitrate was repl ggd Ws S el S
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ni ckel nitrate, the anmount of bisnuth nitrate used was changed, cesium
nitrate was replaced by rubidiumnitrate and mnagnesiumnitrate, then
stanni c oxi de was added in place of telluriumdioxide, and alum numnitrate
was used in addition to silica sol. The suspension was subjected to the
sanme procedure as in Exanple 2-c to prepare a ring-shaped catalyst (4-c).
The catal yst (4-c) had the follow ng conposition in terns of atomc ratio

excl udi ng oxygen. -16-

Mo[err]Werr]Bi[err]Fe[err] Niferr]Ro[err]MjJerr]Sn[err]A[err]Si[err].

A suspension was prepared in the Shie SBQNGLE &S d 05 L1 catal yst (4-c¢)
except that the anounts of dtapf c| &iBle aAdnsi? ivavsgl used were changed.
The suspensi on was subj ect ed in Exanple 1-c to
prepare a pellet-shaped catix'st 5-¢c). The catallyst (5-c) had the
fol | owi ng conposition in terjdsofOhiconbCca abi & excbud fg oxygen.

Merr]Werr]Bi[err]Fe[err] @é.q;l DEANE IBIE|A [err]Si[err]
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750 m of the catalyst (4-c) was filled into the gas inlet side of a
steel -made reaction tube of 25.4 mMmin dianeter. and 750 ml of the

catalyst (5-c) was filled into the gas outlet side. A reaction was
carried out in the same nmanner as in Exanple 1 -c. The results are shown in
Tabl e 4-c. Exanpl e 10-c A suspension was prepared in the sane

manner as in Exanple 1-c except that the anpunt of cobalt nitrate used. was
changed, thallous nitrate, bariumnitrate_and cerous nitrate were used-in
addition to cesiumnitrate, no tellurium °di oxi de was used, and silica sol
was replaced by alum numnitrate. The suspension was subjected to the sane

pro- cedure as in Exanple 2-c|te obtpin a ring-shaped cafal yst (6-c).
This catal yst (6-c) had the folll 8wi ng| conposition in term$ of atomc ratio
excl udi ng oxygen. B~
g
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- 34-
M[err]Werr]Bi[err]Fe[err]Co[err]Cs[err]Tl[err]Ba[err]Ce[err] Al err]

ri ng-shaped catal yst (7-c) was prepared in the same manner as for the
catal yst (6-c) except that the anobunts of ferric nitrate. cerous nitrate

and alum numnitrate used were changed. This catalyst (7-c) had the
foll ow ng conpo- 18-

Example 1-b

1,456 g of cobalt nitrate and 202 g of terric nitrate were dissolved in 1,000 mi of water. 243 g of bismuth nitrate
was dissolved in an aqueous nitric acid solution consisting of 30 mi of concentrated nitric acid and 120 mi of water.

Separately, 1,089 g of ammonium paramolybdate and 265 g of ammonium paratungstate were dissolved in 3,000
ml of water being stirred with heating. To the resulting aqueous solution were dropwise added the above prepared two
aqueous solutions, and mixing was carried out. Thereto were added an aqueous soiution obtained by dissclving 68.3

g ot cesium nitrate and 13.1 g of barium nitrate in 400 mi of water, and 203 g of silica sol of 20 weight % concentration
in this order, and mixing was carried out.

The thus obtained suspension was stirred with hea\mg. and subjected 10 evaporation to dryness. The resldue was
molded into pellets of 8 mm in outside diameter and 6.6 mm in length. The pallets were fired at S00°C for € hours in

an air stream to obtain a catalyst {1-b). This catalyst {1-b) had the following composmon in terms of atomic ratio ex-
cluding oxygen.

Mo,,W,Bi,Fe,C0,4Csg ;B35 , Si, 45

A catalyst (2-b) was prepared in the. same manner as in the preparation of the catalyst (I-b) except that the amount

of barium nitrate was changed to 65.3 g. This catalyst (2-b) had the following composition in terms of atomic ratio
excluding oxygen.

Mo, ,W,Bi, Fe,Co,,Cs; ;884 ¢Si; 55

With respect to the activities of the catalysts (1-b) and (2-b), the catalyst (2-b) has a higher activity than the catalyst
(1-b), as is clear from the results of Comparative Examples 1-b and 2-b shown later.

750 mi of the catalyst (1-b) was filled into the materiai gas inlet portion of a steel-made reaction tube of 25.4 mm
in diameter, and 750 ml of the catalyst (2-b) was filled into the material gas outlet portion.

A mixed gas of a composition consisting of 6 % by volume of isobutylene, 13.2 % by volume of oxygen, 10 % by
volume of steamn and 70.8 % by volume of nitrogen was introduced from the inlet of the reaction tube, and a reaction

was carried out at a reaction temperature of 340°C at a space velocity (SV) of 1,600 hr? {(STP). The results are shown
in Table 1-b.

Comparative Example 1-b

A reaction was carried out in the same manner as in Example 1-b except that no catalyst (2-b) was used and only
the catalyst (1-b) (1,500 ml) was filled. The results are shown in Table 1-b.

Comparative Example 2-b

A reaction was carried out in the same manner as in Example 1-b except that no catalyst (1-b) was used and only
the catalyst (2-b) (1.500 mi) was filled. The resuits are shown in Table 1-b.

" Comparative Example 3-b “

A catalyst (3-b) was prepared in the same manner as for the catalyst (1-b) of Example 1-b except that the amount

of barium nitrate was changed to 39.2 g. This catalyst (3-b) had the following composition in terms of atomic ratio
excluding oxygen. .

Mo, ,W,Bi,Fe, Co,Csy 7Bag 35Si; 55

A reaction was carried oul in the same manner as in Example 1-b except that only the catalyst (3-b) (1,500 ml)
was filled into the reaction tube. The results are shown in Table 1-b. .

it is appreciated from the results of Table 1-b that the catalyst (1-b) has a very low activity, the catalyst (2-b) has
a high activity but a low selactivity, and both of them give a low total per-pass yield while the catalyst system of the
present invention which is a combination of the catalysts (1-b) and (2-b), gives a high total per-pass yield and produces
intended methacrolein and methacrylic acid at high yields.
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sition in terns of atomc ratio excludi ng oxygen.
Mo[err]Werr]Bi[err]Fe[err]Co[err]Cs[err]Ti[err]Ba[err]Ce[err] Al err]
750 m of the catalyst (6-c) was filled into the gas inlet side of a
steel -made reaction tube 25.4 mmin dianmeter. and 750 m of the catalyst

(7-c) was filled into the gas outlet side. "A reaction was carried out
in the sane manner as in Exanple 1-c. The results are shown in Table 4-c.
Exanpl e 11-c A suspensi on was prepa‘rgéd in the sane manner as in

Exanpl e 1- cwheriebaldn@) Halitg 2usmpbationQftermediad dewdbr thadb & teSaElyedAEo)ahBARcom.

cesi um nidaree wth thamsatalyelslsteorsl the yrejunt imetiod WihitH i & adntination lohthalEatalykts (13d) GncByBE), the _
beryl | i ursatalyst (2R) givesiajlawdeil parpens iield andiaeovety Saegd témperptu@cifferarice { @VelyUargeaT) Butibeshb | Ca
sol | and "RRStR|AaTPe:@WIejaRd e hishegh tempesatute hicalalyst igyer. Thereforg, j isttipught ha) saalystdeterioratias

i mer sed %08 sub:m::gfs SEGIHES GEARNR ok Acrasfinaly Tt is@pasriaie i i fiBpleyse ottaratalst [y o

i the sam
a-al umn aha y omposition as the prasent catalyst system is unable to achieve the effect of the present

Example 2-b

A reaction was carried out in the same manner as in Example 1-b axcept that the catalysts (1-b) and (2-b) were
both molded into rings of 6 mm in outside dlameter. 6.6 mm in length and 1 mm in inside diameter of through-hole.
The results are shown in Table 1-b,

Comparative Example 4-b

A reaction was carried out in the same manner as in Comparative Exampie 1-b except that the catalyst (1-b) was
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-b,

Comparative Example 5-b

A reaction was carried out in the same manner as in Comparative Example 2-b except that the catalyst (2-b) was
molded into rings of 8 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-b.

Comparative Example 6-b

A reaction was carried out in the same manner as in Comparative Example 3-b except that the catalyst (3-b) was
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-b.

In Example 2-b and Comparative Examples 4-b to 6-b, the shapes of the catalysts (1-b) to (3-b) were changed
from pallets to rings. it is appreciated from the rasults of Table 1-b that the change of catalyst shape to rings gives
improvement in yield and reduction in AT in all of the catalysts (1-b) to (3-b), but the catalyst system of the present
invention using the catalysts (1-b) and (2-b) in combmauon gives a higher yield and a lowar AT than the single use of
the catalyst (1-b), (2-b) or (3-b).

Example 3-b

A reaction was carried out in the same manner as in Example 1-b except that the reaction was carried out for an
axtanded. pericd of time up to 4,000 hours. The resuits ara shown in Table 1-b.

It is appreciated from the resuits of Table 1-b that activity reduction is very low even after the reaction of 4,000
hours, yield reduction is substantially negligiblie, and the catalyst system of the prasent invention enablas very stable
operation over a long period of tima.

Comparative Example 7-b

A reaction was carried out in the same manner as in Comparative Example 3-b except that the reaction time was
changed to 4,000 hours. The resuits are shown in Table 1-b.

It is appreciated from the results of Table 1-b that in Comparative Example 7-b, as compared with Example 3-b,
activity reduction and yield reduction are both large and the catalyst has a problem in stabilly. Example 4-b

A reaction was carried out in the same manner as in Example 2-b except that the reaction temperature was changed
to 360°C and the space valocity was changed to 3,000 hr! (STP). The results are shown in Tabie 1-b.

Comparative Example 8-b

A reaction was carried out in the same manner as in Comparative Example 4-b except that the reaction temperature
was changed to 360°C and the space velocity was changed to 3,000 hr! (STP). The resuits are shown in Table 1-b.
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system was heated to a predeternined tenperaturé with stirring, whereby the

carrier was allowed to support the catal yst conposition. The resul ting
supported catal yst was fired at 500[err]C for 6 hours in an air streamto
obtain a catal yst (8-c). The supported oxide catal yst (8-c) had the

foll owi ng conposition in terns of atom c rati o excl udi ng oxygen.

Mo[err]Werr]Bi[err]Fe[err]Co[err]Ko[err]Li[err]Be[err]Mj[err]Ti[err]
The anount of the supported oxide was 20 per 100 m of the carrier.

A

suspensi gn_was. %reg Iy d in the same manner as for the catal yst (8-c) except

t hat t he “RABHAY®

! ®Cobalt nitrate and titani um di oxi de were changed and
manganese Y ddcfith fadtared oG 1GEHe dblind? BodHaAhiRe Exhinfle 658 SxEUp{Hfet tRd Tedbiich tefridblature

j ected 1 Quak éangSREBEORS £48 4 dpele Reibcily Wad-chadBld 1 3,000h61 (SPP).0lb Rbuls &re vk B Tabihap e d
cat al yst ( 9ti€appreciatediitam ttabstks)ds ExatnPle 8-p altEChrbdigtivé Exlam@led 8¥gand Sbjthakthe superioiityiin
terns of asiviyrandyieidablite cataigdt sydiemet e premdmt.invention using the catalysts (1-b) and (2-b) in combination,

over the catalyst (1-b) or (3-b) appears even when space velocity is increased.
Example S-b

A reaction was carried out in the same manner as in Example 2-b except that the proportions of isobutylene and
nitrogen in material gas were changed 1o 7 % by volume and 69.8 % by volume, respactively. The results are shown
in Table 1-b. .

Comparative Example 10-b

A reaction was carried out in the same manner as in Example 4-b except that the proportions of isobutylene and
nitrogen in material gas were changed to 7 % by volume and 69.8 % by volume, respectively. The results are shown
in Table 1-b.

Comparative Example 11-b

A reaction was carried out in the same manner as in Example 6-b except that the proportions of isobutylene and
nitrogen in material gas were changed 1o 7 % by volume and 68.8 % by volume, respectively. The resuits are shown
in Table 1-b.

it is appreciated from the results of Example 5-b and Comparative Examples 10-b and 11-b that the superiority in
yield and AT, of the catalyst system of the present invention using the catalysts (1-b) and (2-b) in combination, over
the catalyst (1-b) or (3-b) appears even when isobutylene concentration is increased. The present catalyst system, as
compared with the single use of the catalyst (1-b) or (3-b), gives a considerably small increase in AT of catalyst layer,
in particular. Therefore, it is thought that catalyst arrangement as in the present invention is effective for minimization
of catalyst deterioration caused by thermal icad.

. Example €-b

A reaction was carried out in the same manner as in Example 1-b except that iscbutylene was replaced by t-
butanol. The results are shown in Table 2-b.

Comparative Exampie 12-b

A reaction was carried out in the same manner as in Comparative Example 1-b except that isobutylene was re-
placed by {-butanol. The resulls are shown in Table 2-b.

Comparative Example 13-b

A reaction was carried out in the same manner as in'Comparative Example 3-b except that isobutylene was re-
placed by t-butanol, The results are shown in Table 2-b.

" Example 7-b

A reaction was carried out in the same manner as in Example 2-b éxéebt that there was used a material gas
consisting of 5 % by volume of methy! t-butyl ether (MTBE), 13.2 % by volume of oxygen, 10 % by volume of steam
and 71.8 % by volume of nitrogen, the reaction temperature was changed to 360°C and the space velocity was changed
to 1,000 hr? (STP). The results are shown in Table 3-b.
Comparative Example 14-b

A reaction was carried out in the same manner as in Comparative Example 4-b except that there was used a
material gas consisting of 5 % by volume of MTBE, 13.2 % by voluma of oxygen, 10 % by volume of steam and 71.8
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Mo[err]Werr]Bi[err] Fe[err] Co[err]Ko[err]Li[err]Be[err]P[err]Ti[err]

900 m of the catalyst (S-c) was filled into the gas inlet side of a

steel -made reactor of 25.4 mmin dianeter. and 600 m of the catal yst (9-c)
was filled into the gas outlet side. A reaction was carried out in the sane
manner as in Exanple 1-c except that the reaction tenperature was changed
to 350[err]C. The results are shown ippfable 4-c. Exanple 12-c

suspensi on vvas prepared in the sane manner as in Exanple 1 -c except that
t he armuﬁ‘t"! ﬂﬁjﬁm’ ’g% """f '{’at"@"g’f’@ﬁq"&aﬂ‘h“t’r’%%"'&ﬂﬂ werheed 19 at e
wer e chanQé%l crum ni " used in addition to cesiumnitrate, then

zinc nitpgh w@%ﬁ@@qg.b and zirconiumnitrate was used in place of
telluriumdi oxide and silica sol. There were neasured 1,600 m of a-
r'i ng- shapeah wattidniwas capded Gut i thé 5ame thadnedlfs ifl Canpalafive Exdmpl -4 dkcdpCifigltiarediael ughd @M i N
I NSi de dmatasd gas canbistingio! § Gy Vilghest MTRE) $3.5% by Mgiutb ofDiigerC 30 B lbyivaluma of stdamage 11181 S
carri er, %y saumeotnitogendisiregrtion empetalurgyasvimsgep IPNE el therspacineiogityiwas irengadie 1.808 f or
the cat ah§/dSTR).gbe psubarshawrip Tablg 3-b

Example 8-b

A catalyst (4-b) was prepared in the same manner as in Example 1-b except that cobalt nitrate was replaced by
nickel nitrate, phosphoaric acid was added after ammonium paratungstats, there were used thallous nitrate and strontium
nitrate in place of cesium nitrate and barium nitrate, then stannic oxide was added, and silica scl was replaced by

ammonium nitrate. )
The catalyst (4-b) had the following compasition in terms of atomic ratio excluding oxygen.

Mo, W, BigFe,Ni,Tly ¢Srg 1 Py 250 sAl

A catalyst (S-b) was prepared in the same manner as for the catalyst (4-b) except that the amount of strontium
nitrate used was changed.
The catalyst (5-0) had the following compasition in tarms of atomic ratio excluding oxygen.

Mo, , W, Bi,Fe, NiyTl, .Sty sPg ,Sy Al

750 mi of the catalyst (4-b) was filled into the gas inlet side of a steel-made reaction tube of 25.4 mm in diameter,
and 750 mi of the catalyst (5-b) was filled into the gas cutlet side.

A reaction was carried out in the same mannar as in Example 1-b. The resuits are shown in Table 4-b.
Comparative Example 16-b

A reaction was carried out in the same manner as in Example 8-b excépt that no catalyst (5-b) was used and only
the catalyst (4-b) (1,500 mi) was filled. The results are shown in Table 4-b.

Comparative Example 17-b

A reaction was carriad out in the same mannar as in Example 8-b excapt that no catalyst (4-b) was used and anty
the catalyst (5-b) (1,500 mi) was filled. The results are shown in Table 4-b.

Exampie 9-b
A catalyst (6-b) was cbtained in the same manner asin Example 1-b except that no ammonium paratungstite was’
used, cesium nitrate was replaced by potassium nitrate and sodium nitrate, barium nitrate was replaced by calcium

nitrate and beryllium nitrats, silica sol was replaced by titanium dioxide, and cerous nitrate and nicbium pentoxide were
used finally. The catalyst (8-b) had the following composition in terms of atomic ratio excluding oxygen.

Mo,,Bi,Fe,Cogiq gNag ,Cay 1889 {NBy 5Ce, TT,

A catalyst (7-b) was praparad in the same manner as for the catalyst (6-b) except that the amounts of calcium
nitrate and beryllium nitrate were changed. The catalyst (7-b) had the following compasition in terms of atomic ratio
excluding oxygen.

Mo 4284, Fe,CogKq gNay ,Cag 788 sNB, sCe,y T,
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The catalyst (10 -c) had the follow ng conposition in terns of atomic ratio
~excl udi ng oxygen.
Mo[err]Werr]Bi[err] Fe[err]Co[err]Cs[err] Ca[err]Zn[err]Zr[err] The
anount of the supported oxide was 24 g per 100 ml of the carrier A
suspensi on was prepared in the same manner as for the catal yst (10-c)
except that the anpbunts of ammoni um paratungstate, bisnmuth nitrate, zinc
nitrate and zirconiumnitrate used were-2hanged. Using this suspension, a
ring- shaped catalyst (11 -c) was obtained in the sane manner as in Exanple
2-C. 750 mi of thé catalyst (6-b) was filled into the gas inlet portion of a steel-made reaction tube of 25.4 mm in diameter,

and 750 mi of the cataiyst (7-b) was filled into the gas outiet portion.

A reaction was carried out in the same manner as in Example 1-b. Tha results are shown in Table 4-b.

Comparative Exampls 18-b

A reaction was carried out in the same manner as in Example 9-b except that no catalyat (7-b) was used and only
the catalyst (6-b) (1,500 mi) was filled. The results are shown in Table 4-b.

Comparative Example 18-b

A reaction was carried out in the same manner as in Example 9-b except that no catalyst (6-b) was used and only
the catalyst (7-b) (1,500 ml) was filled. The results are shown in Table 4-b.

Example 10-b

A suspension was prapared in the same mannaer as in Example 1-b except that no ammonium paratungstate was
used, cesium nitrate was replaced by rubidium nitrate, magnesium nitrate was used together with barium nitrate, then
thare were added tellurium dioxide, fead nitrate and zinc nitrate, and silica sol was raplaced by titanium dioxide.

The suspension was stirred with heating and subjected to evaporation to diyness. The residue was molded into
rings of 6 mm in outside dianieter, §.6 mm in tength and 2 mm in inside diameter of through-hole, and fired at S00°C
for 6 hours in an air stream to obtain a catalyst (B-b) The catalyst (8-b) had the foliowing composition in terms of atomic
ratio excluding oxygen.

Mo, ,Bi, Fe,Co, by sBay, ;Mgq , Te, 3P, 20y s Ti,

A catalyst (S-b) was obtained in the same manner as for the catalyst (8-b) except that the amounts of barium nitrats -
and magnesium nitrate were changed. The catalyst had the following composition in terms of atomic ratio excluding
- oxygen.

Mo, ,Bi;FeyCo,Rb, sBa, ,Mg, oTeg 1P Zng ¢ Tiy

750 mi of the catalyst (B-b) was filled into the gas inlet side of a stesl-made reactor of 25.4 mm in diameter, and
750 mi of the catalyst {9-b) was filled into the gas outlet side. A reaction was carried out in the same manner as in
Example 1-b except that the reaction temperature was changed to 350°C. The results are shown in Table 4-b.
cbrﬁparative Exampia 20-b

Areactmwascamed out in the same manner as in Example 10-b except that no catalyst (S-b) wasused and
only the catalyst (8-b) (1,500 mi) was filled. The rasuits are shown in Tabie 4-b.

Comparative Example 21-b b

A raaction was carriad out in the same mannaer as in Example 10-b except that no catalyst (8-b) was used and
only the catalyst (3-b) (1,500 mi) was filled. The results are shown in Table 4-b.

Example 11-b

A suspension was prepared in the same manner as in Example 1-b except that lithium nitrate was used togather
with cesium nitrate, barium nitrate was replaced by calcium nitrate, then there were added antimony trioxide and man-
ganase nitrate, and silica sol was replaced by zirconium nitrate. :

Using the suspension, a catalyst (10-b) was preparaed in the same manner as in Example 10-b. The catalyst {(10-b)
had the following composition in terms of atomic ratio excluding oxygen.

Mo, W, ¢Bi,Fe, ,CogCsy 4Lig ;Ca, ,Sb, Mny o Zr,
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- 35- The catalyst (11 -c) had the follow ng conposition in terns of
~atom c ratio excluding oxygen.

Mo[err]Werr] Bi[err]Fe[err]Co[err]Cs[err]Ca[err]Zn[err]Zr[err] 1, 000
m of the catalyst (10-c) was filled into the gas inlet side of a

st eel -made reaction tube of 25.4 mmin dianeter, .

-23-
A catalyst (11-b) was prepared in the same manner as for the catalyst (10-b) except that calcium nitrate was

replaced by magnesium nitrate. The catalyst (11-b) had the following composition in tenms of atomic ratio excluding
oxygen.

Mo,,W, 5Bi; Fe, 2Co5Csy 4Lig ; Mgy gSb,Mng s Zr,

750 miof the catalyst (10-b) was filled into the gas inlet portion of a steel-mads reaction tube of 25.4 mmin diameter,
and 750 mi of the catalyst (11-b) was filled into the gas outlet side.
A reaction was carried out in the same manner as in Example 1-b. The results are shown in Table 4-b.

Comparative Example 22-b

A reaction was carried out in the same manner as in Example 11-b except that no catalyst (11-b) was used and
only the catalyst (10-b) (1,500 mi) was filled. The results are shown in Table 4-b.

Comparative Example 23-b

A reaction was carried out in the same manner as in Example 11-b except that no catalyst (10-b) was used and -
only the catalyst (11-b) (1,500 mi) was filled. The resuits are shown in Table 4-b.
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and 500 m of the catalyst (11-c) was filled into the gas outlet side.
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The catal yst (13-c) had the followi ng conposition in terns of atomc ratio
excl udi ng oxygen. Mo[err]Werr]Bi[err]
Fe[err]Co[err]Cs[err]NaJerr]Pb[err] Te[err]Sb[err]Si[err] 750 m of
the catalyst (12-c) was filled into the gas inlet side of a steel-made .
reaction tube of 25.4mmin dianmeter, and 750 m of the catalyst (1 3-c) was
filled into the gas outlet side. A reactigg.was carried out in the sane
manner as in Exanple 1-c. The results are shown in Table 4-c. Exanple 14-c
A suspension was prepared in the sape nanner as in Exanple 1-¢ except that
cobalt nitrate wag mepl afed by nickel nitrate, cesiumnitrate s repl aced
by rubidiumnitrat egand strontiumnitrate, the amount of teliurifum di oxide
was changed, and nli §bi @] pent oxi de was used. The suspensi on was |subj ect ed
to evaporation to{d 5 eI &igue; m @ T Q9 ©we <~
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was nol ded into rings of 6 mMmin outside dianeter, 6.6 mMmin |length and 2.0
mmin inside dianmeter of through-hole, and fired at 550[err]C for 6 hours
inan air streamto prepare a catalyst (14-c). The catal yst (14-c) had
the follow ng conmposition in terns of atom c ratio excluding oxygen.
Mo[errqWerr]Bi[err]Fe[err] Ni[err]Ro[rr]Sr[err]Te[err]Nbo[err]Si[err]

A ring-shaped catal yst (15-c) was obtained in the sanme manner as for the
catal yst (14-c) ‘except that the amount®*of ammoni um paatunitate, ferric
nitrate, nickel ni teluripyum doxi de and ni obi um pent oxi de were

changed, and the fi®i~g]|ie efat ure was chmmréﬂr]c The
i

catalyst (15-c) h thLe o1 Poli g conposit terns off atomc ratio

g

Example 6-b
Comparative Example 12-b

excl udi ng oxygen. -4 -
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The

in the sane nmanner as in Exanple 1-c
in Table 4-c. - 36- '

A reaction was carried out

.results are shown

27
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[err]

-28-
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Example 1-¢c

1,456 g of cobalt nitrate and 202 g of ferric nitrate were dissolved in 1,000 mi of water. 243 g of bismuth nitrate
was dissolved in an aqueous nitric acid solution consisting of 30 ml of concentrated nitric acid and 120 mi of water,

Separately, 1,058 g of ammonium paramolybdate and 265 g of ammonium paratungstate were dissolved in 3,000
mi of water being stirred with heating. To the resulting aqueous solution were dropwise added the above prepared two
aqueous solutionis, and mixing was carried out. Thereto were added an agueous solution obtained by dissolving 9.8
g of cesium nitrate in 30 mi of water, 79.8 g of tellurium dioxide and 203 g of silica sol of 20 weight % concentration in
this order, and mixing was carried out,

The thus obtained suspension was stirred with heating, and subjected to evaporation to dryness. The residue was
molkded into peilets of 6 mm in outside diameter and 6.6 mm in length. The pellets were fired at 500°C for 6 hours in
an air stream to obtain a catalyst (1-c). This catalyst (1-¢) had the following composition in terms of atomic ratio exciuding

oxygen. -
Mo, ,W,Bi,Fe,Co,4Cs; ; Te, oSi; 3¢

A catalyst (2-c) was prepared in me.same manner as in the preparation of the catalyst (1-c) except that the amount
of tellurium dioxide was changed to 8.0 g. This catalyst (2-c) had the following composition in terms of atomic ratio
excluding oxygen.

Mo, ,W,Bi,Fe,Co,,Csy , Tey , Si, o5

With respect to the activities of the catalysts (1-c) and (2-c), the catalyst (2-c) has a higher activity than the catalyst
(1-c), as is clear from the results of Comparative Examples 1-¢ and 2-¢ shown later.

750 ml of the catalyst (1-c) was filled into the material gas inlet portion of a steel-made reaction tube of 25.4 mm
in diameter, and 750 mi of the catalyst (2-¢) was filied into the material gas outlet portion. '

A mixed gas of a composition consisting of 6 % by volume of isobutylene, 13.2 % by volume of oxygen, 10 % by
volume of steam and 70.8 % by volume of nitrogen was introduced from the inlet of the reaction tube, and a reaction
was carried out at a reaction temperature of 340°C at a space velocity (SV) of 1,600 hr (STP). The results are shown
in Table 1-¢, '

Comparative Example 1-¢

A reaction was carried out in the same manner as in Example 1-¢ except that no calalyst (2-c) was used and only
the catalyst (1-¢) (1,500 ml) was filled into the reaction tube. The results are shown in Table 1-c.

Comparative Example 2-¢

A reaction was carried out in the same manner as in Example 1-¢ except that no catalyst (1-c) was used and only
the catalyst (2-c) (1,500 mi) was filled into the reaction tube. The resulls are shown in Table 1-c. :

Comparative Example 3-c

A catalyst (3-c) was prepared in the same manner as for the catalyst (1-c) except that the amount of tellurium
dioxide used was changed to 43.9 g.
The catalyst (3-c) had the following composition in terms of atomic ratio excluding oxygen.

Mo,,W,Bi, Fe,C0,(Csy ; Teg g5Si; 55

A reaction was carried out in the same manner as in Example 1-c except that only the catalyst (3-c) (1,500 mi)
was filled into the reaction tube. The resuits are shown in Table 1-c.

It is appraciated from the results of Table 1-¢ that the catalyst (1-c) has a very low activity, the catalyst (2-¢) has a
high activity but a low selectivity, and both of them give a low total per-pass yield while the catalyst system of the
present invention which is a combination of the catalysts (1-c) and (2-c), gives a high total per-pass yield and produces
intended methacrolein and methacrylic acid at high yields.
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When the catalyst (3c) having a composition intermediate between those of the catalysts (1 -¢) and (2-¢) is com-
pared with the catalyst system of the presant invention which is a combination of the catalysts (1-¢) and (2-c), the
catalyst (3-c) gives a low total per-pass yield and a very large temperature difference (a very large AT) between the
reaction temperature and the highest temperature in catalyst layer. Therelore, it is thought that catalyst detarioration
due to thermal load is striking in the catalyst (3-¢). Accordingly, it is appreciated that the single use of the catalyst (3-c)
having substantially the same composition as the present catalyst system is unable to achieve the effact of the present
invention. It can be said from these matters that the catalyst system of the present invention is very superior in both
par-pass vield and thermal load.

Example 2-¢

A reaction was carried out in the same manner as in Example 1-c except that both of the catalysts (1-¢) and (2-c)

were molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole.
Tha results are shown in Table 1-¢.

Comparative Example 4-¢

A reaction was carrie_d out in the same manner as in Comparative Example 1-c except that the catalyst (1-&) was
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-c.

Comparative Example 5-&

A reaction was carried out in the same manner as in Comparative Example 2-c except that the catalyst (2-c) was
molded into rings of 6 mm in outside diameter, 6.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-¢.

Comparative Example 6-c

A reaction was carried out in the same manner as in Comparative Example 3-¢ excapt that the catalyst (3-c) was
molded into rings of 6 mm in outside diameter, 8.6 mm in length and 1 mm in inside diameter of through-hole. The
results are shown in Table 1-c.

In Example 2-c and Comparative Examples 4-c to 6-c, the shapes of the catalysts (1-c) to (3-c) were changed
from pellets to rings. It is appreciated from the resuits of Table 1-c that the change of catalyst shape to rings gives
improvement in yield and reduction in AT in all of the catalysts (1-c} to (3-c), but the catalyst system of the present
invention using the catalysts (1-c) and (2-¢) in combination gives a higher yield and a lower AT than the single use of
the catalyst (1-¢), (2-¢) or (3-c).

Example 3-¢

A reaction was carried out in the same manner as in Example 1-c except that the catalyst (1-c) was moided into
rings of 8.0 mm in outside diameter, 6.6 mm in length and 1.9 mm in inside diameter of through-hole. The resuits are
shown in Table 1-¢.

It was found that the change of the catalyst filled into the inlet portion of the reaction tube, from paliet shaps to
ring shape gives further improvement in per-pass yield and reduction in AT and accordingly the combination of ring- -
shaped catalysts gives superior results than the combination of pellet-shaped catalysts.

Example 4-¢

A reaction was carried out in the same manner as in Example 1-c except that the reaction was carried out for an
extended period of time up to 4,000 hours. The results are shown in Table 1-c. _

it is appreciated from the rasuits of Table 1-c that activity reduction is very low aven after the reaction of 4,000
hours, yield reduction is substantially nagligible, and the catalyst system of the present invention enabies vary stable
operation over a long period of time.

‘-

Comparative Example 7-¢

A reaction was carried out in the same manner as in Comparative Example 3-c except that the reaction time was
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changed 1o 4,000 hours. The results are shown in Table 1-c.
it is appreciated from the results of Table 1-c that in Comparative Example 7-c, as compared with Example 4-c,
activity reduction and yield reduction are both large and the catalyst has a problem in stability.

Example 5-c

Areaction was carried out in the same mannerasin Example 2-c except that the reaction temperature was changed
10 360°C and the space velocity was changed to 3,000 hr? (STP). The results are shown in Tabie 1-c.

Comparative Example 8-¢

A reaction was carried out in the same manner as in Comparative Example 4-c except that the reaction temperature
was changed to 360°C and the space velocity was changed to 3,000 hr? (STP). The results are shown in Table 1-c.

Comparative Example S-¢

A reaction was carried out in the same manner as in Comparative Example 6-c except that the reaction temperature
was changed to 360°C and the space velocity was changed to 3,000 hrt (STP). The resuits are shown in Table 1-¢.

It is appreciated from the results of Example S§-c and Comparative Examples 8-c and 9-c that the supericrity in
activity and yield, of the catalyst system of the present invention using the catalysts (1-¢) and (2-c) in combination,
over the catalyst (1-c) or (3-C) appears even when space velocity is increased.

* Example 6-c

A reaction was carriad out in the same manner as in Example 2-c except that the proportions of isobutylene and
nitrogen in material gas were changed to 7 % by volume and 69.8 % by volume, respectively. The resuits are shown
in Table 1-c.

Comparative Example 10-c

A reaction was carried out in the same manner as in Example 4-c except that the proportions of iscbutylene and
nitrogen in material gas were changed to 7 % by volume and 69.8 % by volume, respectively. The results are shown
in Table 1-c. .

Comparative Example 11-¢

A reaction was carried out in the same manner as in Example 8-c except that the proportions of isobutylene and
nitrogen in material gas ware changed to 7 % by volume and 698.8 % by volume, respectively. The resulls are shown
in Table 1-c.

it is appreciated from the results of Example §-c and Comparative Examples 10-¢ and 11-¢ that the superiority in
yield and AT, of the catalyst system of the present invention using the catalysts (1-c) and {2-c) in combination, over
the catalyst (1-c) or (3-c) appears even when isobutylene concentration is increased. The present catalyst system, as
compared with the single use of the catalyst (1-¢) or {3-¢), gives a considerable small increase in AT of catalyst layer,
in particular. Therefors, it is thought that catalyst arrangement as in the present invention is effective for minimization
of catalyst deterioration caused by thermal load."

Example 7-¢

A reaction was carried out in the same manner as in Example 2-¢ except that isobinyléne was replaced by t-
butanol. The results are shown in Table 2-¢.

Comparative Example 12-¢

" Areaction wascarried out in the same manner as in Compavrative Example 4-c except that isobutylene was replaced
by t-butanol. The results are shown in Table 2-c.
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* Comparative Example 13-c

A reaction was carriad out in the same ménn_er as in Comparative Exampla 6-¢ except that isobutylene was replaced
by 1-butanol. The results are shown in Table 2-c.

Example 8-

A reaction was carried cut in the same manner as in Example 2-c excapt that there was used a material gas
consisting of 5 % by volume of maethy! t-butyl ether (MTBE), 13.2 % by volume of oxygen, 10 % by volume of steam
and 71.8 % by volume of nitrogen, the reaction temperatura was changed to 360°C and the space velocity was changed
to 1,000 hr' (STP). The results are shown in Table 3-c.

Comparative Exampls 14-c

A reaction was carried out in the same manner as in Comparative Example 4-c except that there was used a
material gas consisting of § % by volume of MTBE, 13.2 % by volume of axygen, 10 % by volume of steam and 71.8
% by volume of nitrogen, the reaction temperature was changed to 360°C and the space valocity was changed to 1,000
hrt (STP). The results are shown in Tabie 3-c.

Comparative Example 15-c

A reaction was carried out in the same manner as in Comparative Example 6-c except that there was used a
material gas consisting of 5 % by voiume of MTBE, 13.2 % by volume of oxygen, 10 % by volume of steam and 71.8
% by volume of nitrogen, the reaction temperature was changed to 360°C and the space velocity was changedto 1,000
het (STP). The rasults are shown in Table 3-c.

Example S-¢

A suspension was preparad in the same manner as in Example 1-c except that cobalt nitrate was replaced by
nickel nitrate, the amount of bismuth nitrate used was changed, cesium nitrate was replaced by rubidium nitrate and
magnesium nitrate, then stannic oxide was added in place of tellurium dioxids, and aluminum nitrate was used in
addition to silica sol. The suspension was subjected to the same procedure as in Example 2-¢ to prepare a ring-shaped
catalyst (4-c). ) ’

The catalyst (4-c) had the following composition in tarms of atomic ratio excluding oxygen.

Mo,,W,Bi, ,Fe,Ni,Fby , Mgy s8N, oAl oSi; 55

A suspension was prepared in the same mannar as for the catalyst (4-c) except that the amounts of stannic oxide
and silica sol used were changed. The suspension was subjected to the same procedure as in Example 1-c toprepare
a pellet-shaped catalyst (5-¢).

The catalyst (5-¢) had the following compasition in terms of atomic ratio axcluding oxygen.

Mo, ,W,Bi, oFe, Ni;Rb, ,Mgo sSng , Al oSig s

750 mi of the catalyst (4-c) was filled into the gas inlat side of a steel-made reaction tube of 25.4 mm in diameter,
and 750 mi of the catalyst (5-c) was filled into the gas outlet side.
A reaction was carried out in the same manner 2s in Example 1-c. The results are shown in Table 4-c.

Example 10-¢

A suspension was prepared in the same manner as in Example 1-¢ except that the amount of cobatt nitrate used
was changed, thallous nitrate, barium nitrate and cerous nitrate were used in addition to cesium nitrate, no tellurium
dioxide was used, and silica sol was replaced by aluminum nitrate. The suspension was subjected to the same pro-
cedure as in Example 2-¢ 16 abtain a ring-shaped catalyst (6-c).

This catalyst (6-¢) had the following composition in terms of atomic ratio excluding oxygen.
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Mo, W,Bi,Fe,CogCsy , Tly 2820 1 Cog 2A10

A nng-shaped catalyst (7-c) was prepared in the same manner as for the catalyst (6-c) except that the amounts
of ferric nitrate, cerous nitrate and aluminum nitrate used were changed. This catalyst (7-c) had the following compo-
sition in terms of ‘atomic ratio excluding oxygen. .

-

Mo,,W,Bi, F°1l.4c°s Csp4Tlp2B251CeyAp0,

750 mi of the catalyst (6-c) was filled into the gas inlet side of a steel-made reaction tube 25.4 mm in diameter,
and 750 mi of the cataiyst (7-¢) was filled into the gas outlet side.
A reaction was carried out in the same manner as in Example 1-¢. The results are shown in Table 4-c.

Example 11-¢

A suspension was prepared in the same manner as in Example 1-¢ except that the amount of cobalt nitrate used
was changed, cesium nitrate was raplaced by potassium nitrate, lithium nitrate and beryllium nitrate, titanium oxide
was used in place of tellurium and silica sol, and manganese nitrate was used finally.

In this suspension was immersed 1,600 ml of a spherical carrier of 6 mm in diameter, consisting of c-alumina. The
system was heated to a predetermined temperature with stirring, whereby the carrier was aliowed to supportthe catalyst
composition.

The resulting supported catalyst was fired at S500°C for 6 hours in an air stream to obtain a catalyst (8-c).

The supported oxide catalyst (8-c) had the following composition in terms of atomic ratio excluding oxygen.

M?12W23i1 Fe,Co3Kop 5Li; 58g,Mny o Tig g

The amount of the supported oxide was 20 g per 100 mi of the carrier.

A suspension was prepared in the same manner as for the catalyst (B-c) except that the amounts of cobalt nitrate
and titanium dioxide were changed and manganese nitrate was replaced by phosphorus. The suspension was sub-
jected to the same procedure as in Exampie 1-¢ to cbtain a pellet-shaped catalyst (9-c).

The catalyst (9-c) had the following composition in terms of atomic ratio excluding oxygen.

Mo,,W,Bi, Fe, CogKog ,Li; sBey 5P o Tis o

900 mil of the catalyst (B-c) was filled into the gas iniet side of a steel-made reactor of 25.4 mm in diameter, and
600 mi of the catalyst (S-c) was filled into the gas outlet side. A reaction was carried out in the same manner as in
Example 1-¢ except that the reaction temperature was changed 1o 350°C. The results are shown in Table 4-c.

Example 12-¢

A suspension was prepared in the same manner as in Example 1-c except that the ‘amounts of ammonium para-
tungstate, ferric nitrate and cobalt nitrate were changed, calcium nitrate was used in addition to cesium nitrate, then
zinc nitrate was added, and zirconium nitrate was used in place of tellurium dioxide and silica sol.

There were measured 1,600 mi of a ring-shaped carrier of 6 mm in outside diameter, 5 mm in length and 3mmin’
inside diameter of through-hola, consisting of silica-alumina. Using this carrier, a supported catalyst (10-c) was prepared
in the same manner as for the catalyst (8-c) of Example 11-c.

The catalyst (10-c) had the following composition in terms of atomic ratio excluding oxygen.

Mo, , W, Bi, Fe, ,C0.Cs, ,Cay 42n, 0Z%20

The amount of the supported oxide was 24 g per 100 ml of the carrier.
A suspension was prepared in the same manner as for the catalyst (10-c) except that the amounts of ammonium

paratungstate, bismuth nitrate, zinc nitrate and zirconium nitrate used were changed. Using this suspension, a ring-
shaped catalyst (11-c) was obtained in the same manner as in Example 2-c.
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Claims 1. A process for producing nmethacrolein and nethacrylic acid using

-a fixed bed nuftitubul ar reactor said process conprising the follw ng
st eps (a) preparing as catal ysts conpound oxi des having different
activities represented by the foll ow ng general fomula (1),

Mo[err]Werr]Bi[err]Fe[err]Alerr]Blerr]Cerr]Derr]Eerr]Jerr] )
(in the formula. M represents nmol ybdes3sm Wrepresents tungsten, Bi
represents _@ 3‘?“ E{ & resent S A represents at |east one
el enent sel'@LEEHHTSHMe &”@ﬁ&“&?ﬂ??&l"t“““@'@@ﬁ‘f‘é%‘&ﬁ’i"%""‘%&""ﬁé’ést one el enent
selected fromalkali netals and thalium C represents at |east one el enent
sel ected from al kal i ne ear t hMpreYeliale,2Co:Csy1Ca0 B p&pr esent s at | east one
el enent sel ected from phosphorus, tellurium antinony, tin, cerium |ead
ni obi um 1,000 mi of tha'catalyst (10-¢) was filled into the gas infet sida of a steel-made reaction tube of 25.4 mm in diametar,
and SO0 mi of the catalyst (11-c) was filled into the gas outlel side. A reaction was carried out in the same manner as
- in Example 1-c except that the reaction temperature was changed to 350°C. Tha results are shown in Table 4-c,

- Example 13-¢ .
A catalyst (12-c) was prepared in the same manner as in Example 1-c except that the amounts of ammonium
paratungstate and cabatt nitrate ware changed, sodium nitrate was used in addition to cesium nitrate, then lead nitrate
and tellurium dioxide were added, and firing was carried out at S30°C for § hours in an air stream.
The catalyst (12-c) had the following composition in terms of atomic ratio excluding oxygen.

Mo,,W, 5Bl Fe,Co,Csy ,Na, 4Pb, 1 Te, 5Si; 45

A catalyst (13-c) was prapared in the same manner asfor the catalyst (12-c) except that the amounts of tead nitrate
and teilurium dioxide ware changed, antimony trioxide was used, and firing was carried out at 450°C.
The catalyst (13-c) had the following composition in terms of atomic ratio excluding oxygen.

Mo,,W, sBl,Fe,Co,Cs, ,Na, oPb; 4Tag ,Sb, , Siy 55

750 mi of the catalyst (12-c) was filled into the gas inlet side of a stegl-made reaction tube of 25.4 mm in diameter,
and 750 mi of the catalyst (13-c) was filled into the gas outlet side. A reaction was carried out in the same manner as
in Example 1-c. The rasuits are shown in Table 4-c.

Example 14-¢

A suspension was preparad in the same manner as in Example 1-c except that cobalt nitrate was repiaced by
nickel nitrate, cesium nitrate was repiacad by rubidium nitrate and strontium nitrate, the amount of tellurium dicxide
was changed, and nicbium pentoxide was used. The suspension was subjected to evaporation to dryness. The residue
was moided into rings of 6 mm in outside diameter, 6.6 mm in length and 2.0 mm in inside diameter of through-hole,
and fired at S50°C for 8 hours in an air stream to prepare a catalyst (14-¢).

The catalyst (14-c) had the following composition in terms of atomic ratio axciuding oxygen.

- Mo, W, Bi, Fa, NiyFb, oSty , Ty gNDg 5 Si, o5

A ring-shaped catalyst (15-c) was cbtained in the same manner as for the catalyst (14-c) excaept that the amounts
of ammonium paratungstate, ferric nitrate, nickal nitrate, telurium dioxida and niobium pentaxiie were changed, and
the firing temperature was changed to 470°C.

The catalyst (15-c) had the fallowing compasition in tams of atomic ratio exciuding oxygen.

Mo, W, (B, Fe, oNi;Rbg oSty Teg Nbg »Si; 45

A reaction was carried out in the same manner as in Example 1-c. The results are shown in Table 4-c.

-’
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0-4, = 0-30 and x = a value determ ned by the oxidation states of

| ndi vi dual elenents) 3. The process for producing nethacrolein and

nmet hacrylic acid according to any of clainms 1 to 2, wherein the nunber

of the reaction zones is 2 or 3. 4. The process for produci ng nethacrol ein
and nethacrylic acid~-according toany of clains 1 to 3. wherein the '

catal ysts are ring-shaped catal ysts w.jh a through-hole in the |l ength
direction, having an outside dianeter of 3-10 mm a | ength of 0.5-2
times the outsi.de dianeter and an inside dianmeter (the dianmeter of the
t hrough-hole) of 0. 1 0.7 tines the outside dianeter
n
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Claims . ' . .

1.

A process for producing methacrolein and methacrylic acid using a fixed bed multitubular reactor, said process
comprising the following steps )

{a) preparing as catalysts compound oxides having differant activities representgd by the following general
formula (1)

Mo.WbaieFedA.B,c,DhEio,.

(in the formula, Mo represents molybdenum, W represents tungsten, Bi represents bismuth, Fe rapresents
iron, A represents at least one slement salected from nickel and cobait, B represents at least one element
selected from alkali metals and thallium, C rapresants at least one alement selected from alkaline earth metals,
D represants at least one alement selected from phasphorus, tellurium, antimony, tin, cerium, lead, nicbium,
manganese, arsenic and zine, E represents at least one slement selected from sificon, aluminum, titanium
and zirconium, and O represents oxygen; a, b, ¢, d, e, , g, h, | and x represent the numbars of atoms of Mo,
W, Bi, Fe, A, B, C, D, E and O, respectively; when ais 12, b = 0-10, ¢ = 0.1-20, d = 0.1-20, e = 2-20, { =
0.001-10, g =0-10, h = 0-4, i = 0-30 and x = a vaiue datermined by the oxidation states of individual elements)
by varying the types and/or amounts of the elements constituting the B group in the general formuta (1) and
further by varying the firing temperature empioyed in catalyst preparaticn, said firing temperature being in the
range of 400 1o 800°C so that the firing temperature difference between any two catalysts of the plurality of
catalysts becomes at least 5°C,

(B) arranging the catalysts in the axial direction of the reaction tube in such a way that the activity of filled
catalyst becomas higher as a material gas proceeds from the inlet to the outlet, and

(y) subjecting at least one material selected from iscbutylene, t-butanol and methyl t-butyl ether to gas phass
cataiytic oxidation with molecular oxygen or a molecular oxygen-containg gas.

The process tdrproduchg methacrolein and methacrylic acid according to claim 1, which uses catalysts of the
general formula (1} (wherain when a is 12, b = 0-10, ¢ = 0.1-10, d = 0.1-20, ¢ = 2-20, { = 0.001-10, g = 0-10, h =
0-4, i = 0-30 and x = a value determined by the oxidation states of individual elements).

The process for producing methacrolein and methacrylic acid according toany of claims 110 2, wherein the number
of the reaction zonesis2or3. -

The process for producing methacrolein and mathacrylic acid accordingtoany of claims 110 3, whersin the catalysts

are ring-shaped catalysts with a through-hole in the length diraction, having an outside diameter of 3-10 mm, a

length of 0.5-2 times the outside diameter and an inside diameter (the diamaeter of the through-hole) of 0.1-0.7
times the outside diameter.
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| ABSTRACT
Process For Producing Methacrolein and Methaacrylic Acid

The present invention provides a process for
producing methacrolein and methacrylic acid by subjecting
at least one material selected from iscbutylene, t-
butanol and methyl t-butyl ether to gas phase catalytic
oxidation with molecular oxygen or a molecular oxygen-
containing gas using a.fixed'bed multi-tubular reactor.

The process is characterized by the following
(), () and (7). |
- (0C) There are used, as catalysts, compound oxides
represented by the followzng general formula ()

Mo Wsz FedA BngDh
(in the formula, Mo represents molybdenum. W represents
tungsten, Bi represents bismuth, Fe represents iron, A
represents at least one element selected from nickel and
cobalt, B represents at least one element selected from
alkali metals and thallium,”C represents at least one
element selected from alkaline earth metals, D represents
at least one element selected from phosphorus., tellurium,
antimony, tin, cerium, lead, niobium, manganese, arseaic
and zinc, E represents at least one element selected from
silicon, aluminum, titanium and zirconium, and O re-
presents oxygen; a, b, ¢, d, e, £, g, h, i and x re-
present the numbers of atoms of Mo, W, Bi, Fe, A, B, C,
D, E and O, fespectively; when a is 12, b = 0-10, ¢ =
0.1-20, d = 0.1-20, e = 2-20, £ = 0-10, g = 0-10, h =

0-4, i = 0-30 and x = a value determined by the oxidation
states of individual elements).
@ Each reaction tube has a plurality of reaction

zones formed by dividing the catalyst.layer in the re-
action tube into two or more portions in the axial dicec-
tion ‘of the tube.
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M) The plurality of reaction zones ace filled with
catalysts shown in the above (0{) having diffecent
activities, prepared by varying the types and/or amounts
of the elements constituting the A group, B group, C
group, D group and E group in the general formula (I)
and/or with catalysts shown in the above (X ) having
different activities, prepared by varying the amount of
at least one element of W, Bi and Fe in the general
formula (I), in such a way that the activity of filled
catalyst becomes higher as a-material gas proceeds from
the inlet to the outlet.
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