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A PRCDUCTI ON METHOD OF ACRYLIC ACID Thi s |nvent|0ffggl

to a production nethod 5 of acrylic acid. More specifically, the

i nvention relates to a method for producing acrylic acid from

propyl ene at a high efficiency, using only one fixed bed shel | - and- t ube
heat exchanger-type reactor. froduction of acrylic acid by
nmeans of two- 10 stage gaseous catal ytic oxidation of propyl ene has been

wi dely industrially practA qqr:bnﬁmﬁonemmﬁo@”wpmm(qc cipt stage
reactor charged with a first stage catal yst sui tabl e for gaseous

oxi dation of propylene to acrolein and a second stage reactor charged
with a second stage 15 catal yst suitable for gaseous oxidation of acrolein
to acrylic acid, said nethod conprisin? i ntroducing the = reaction
gas containing mainly acridlies ni myent eani nglekes to 3 istoduatbonemetbod nt o

the second ¢ ags :RAGUMo ANM. MEHE!BBECOFIUAING SHE PRULHEI Bl N the
second stage 20 reactor to produce acrylic acid. = Large nunbers of
catal ysts have 'gdedies dre aatsithedpbeedraedysiing agnylic apid foemsai d

first stage catgl t f o al ‘ . e ,
shoul d it becoﬁ%&%ﬁ%??gﬁg%?i %g?ﬁg'teﬁg&s'a)(rr%t'?‘v\%-osrt‘ Qée”c‘:%t gl’ §¥\p05%%s
oxi dati on net h6eldidgdiybe heme exebabeerotypsdumsacior) ic acid from

propyl ene at a Production of acrylic acid by means of two-

10 stage gaseous catalytic oxidation of propylene has been
widely industrially practiced. This method employs a
first stage reactor charged with a first stage catalyst
suitable for gaseous oxidation of propylene to acrolein
and a second stage reactor charged with a second stage

15 catalyst suitable for gaseous oxidation of acrolein to
acrylic acid, said method comprising introducing the
reaction gas containing mainly acrolein and leaving the
first stage reactor into the second stage reactor, and
further oxidizing said acrolein in the second stage

20 reactor to produce acrylic acid. Large numbers of
catalysts have heretofore been proposed as being suit-
abie for said first stage catalysts and second stage
catalysts.

Whereas, should it become possible to practice

25 the same two-stage catalytic oxidation method using only
one reactor to produce acrylic acid from propylene at a
high efficiency, instead of using the two reactors as
above, numbers of reactors and incidental instruments
and devices can be marked!y reduced, which leads to

30 appreciable reduction in production costs and economical
advantages. Such two—stage catalytic oxidation methods
to produce acrylic acid from propyliene using only one
reactor have also been already proposed.

For example, Japanese Patent Publication No.

35 21966/1979 A, in particular, Example 5 therein, de-
scribes a method for producing acrylic acid from propyl-



hi gh efficiency, instead of using the two reactors as above, nunbers of
reactors and incidental instruments _ and devices can be markedly reduced,
whi ch | eads to 30 appreciable reduction in production costs and econom cal
advant ages. Such two-stage catal ytic OX|da£|on met hods to produce
acrylic acid from propyl ene using only one react or have al so been
al ready proposed. anese P%t%pt Publlcaflon No.

35 21966/ 1979¢Re PY FMoistaAss °%§%ﬁ¥b€gg5°¥héﬁg'ﬂn gethod LS INg Ol ¥et hod
EOV prOdUCLng?ﬁér!hbqIaﬁnﬁffdbﬁrﬁéﬁﬁ|exchange; gype reactor in which

ene wo- st age cat al ytic oxidati on ,met usi.n one
shel | - and- tub@aﬁbafe ég'h?pbsr% %fSPdlﬂ'ﬁﬁ' ? éaéﬁé&ﬁuﬁ?tﬁrtube
is charged wi 1@s& bindsta JetbhdaéBage ch¥alysid alﬁe%@ﬂdl %Ie’ﬂtgﬁadlat@édﬁt I'n
said nethod, each 5 reaction tube in the reactgérls flrst g mnth a

second stade ESStJON Hube ibrthe oreretan ifagdrsd gh argq KA then

Wi th AIUndU”‘Eeboﬁﬂobﬂ%kéf&hf@ﬁﬁétOWh|chgﬁérm@ebehbcbwaﬂ§ﬂh§§1 g@dum
| ayer on said_second catal yst layer, and f |na ly with a fjrst

stage 10 cat allyst ﬂ@yﬁdnmﬂhﬂﬂthgh élﬁ@@uﬂafary§P°ld%&’ﬁh?tﬁﬁ?c 1M undum

layer. The twgagt %%rwﬁ%m. | SRt A PlntEm lagemdw%@.w dddgmdiucing a
starting gas containing propylene intg so charg eﬂ reacti on tubes, from

the top toﬁ&pgetﬁgnﬁﬁnqﬁnlayer and finally wit irst stage
10 catalyst to form the first stage catalyst layer on the

Alundum layer. The two—stage catalytic oxidation is
conducted by introducing a starting gas containing
propylene into so charged reaction tubes, from the top
toward the bottom.

15 Japanese Patent Publication No. 73674/1995 Bl
discloses utilization of a multipipe reactor whose shell
space is provided with a partition plate in a method for
producing acrylic acid from propylene, but said publica-
tion teaches no further particulars.

20 According to our studies, it was found that
there still remained a problem which had to be solved
before industrially manufacturing acrylic acid from
propylene following the method described in above Patent
Publication No. 21966/1979 A. The problem is caused by

25 charging two kinds of oxidation catalysts having differ-
ent activity mechanisms into one and same reactor. More
specifically, the reaction tubes are apt to be plugged
with a catalyst component sublimating toward the down-—
stream direction, which originates from the first stage

30 catalyst located upstream side of the reaction-gas and
is entrained by the reaction gas current (eg., when a
mo lybdenum—containing oxidation catalyst is used as the
first stage catalyst, the molybdenum component subli-
mated from the catalyst), and such high boiling sub-

35 stances as side pfoduced terephthalic acid and the like.
The plugging increases pressure drop.



15 ' Japanese Pat ent Publ i cation No. 73674/1995 Bl di scl oses
utilization of a nultipipe reactor whose shel'l space is provided with a
partition plate in a nmethod for produ0|ng acrylic acid from propyl ene,
but said publica- tion teaches no furthgr particulars. 20 _

According to our studies, it was found tha&t there still remained a
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3 f.he present invention ains at solvin
problens in cHﬁV@ﬂt@oﬁHW thrfisshe! hpaod-tuhg heat exchanger type

10 reactor comprising a shell and a large number of reac-
tion tubes provided vertically inside the shell, said
shel|l space being divided into two parts of upper and
lower spaces with a partition plate, éach of said two
spaces being designed to allow circulation of a heating

15 medium independently of each other, and each of the
reaction tubes being provided with a first stage cata-
lyst layer and a second stage catalyst layer: said
method being characterized in that a layer of an inert
substance is provided between the first stage catalyst

20 iayer and the second stage catalyst layer in each reac-
tion tube, said inert substance layer having a void
ratio within a specific range and furthermore meeting
the conditions that it has a length sufficient to cool
the reaction gas from the first stage catalyst fayer to

25 a temperature suitable for its introduction into the
second stage catalyst layer and that it is located at
such a position that the catalyst at the upper end of
the first stage catalyst layer and the catalyst at the
lower end of the second stage catalyst layer are not

30 thermally affected by the partition plate.

Thus, according to the present invention, a
production method of acrylic acid is provided, which
uses a fixed bed shell-and-tube heat exchanger type
reactor comprising a shell and a large number of reac—

35 tion tubes provided vertically inside the shell, said
shell space being divided into two with a partition



provi ding a method for producing acrylic acid from propyl ene at a high
ef.ficiency, through a two-stage 5 catalytic oxidation reaction using one

reactor only. We have di scovered that the above object can
be acconplished by a production nethod of acrylic acid from propyl ene by
t wo- stage catal ytic oxidation nethod usﬂng a fixed bed shell-and-tube

heat exchanger type 10 reactor conprising a shell and a | arge nunber of
reac- ti onpPtl@¥es ta Aneetdecani UBPEY BSRICGe ankk Hawer sshace. eaeh|
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partition plate, eac sal d spaces being designed to al
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and a second stage catal yst layer; said el ng characterized in
that a |laydr @f farrsfn@ﬂtage cabalwate | yep: o\ﬁ @e¢ @ hyesdh swhistab et forage
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tube said in t stance aving a vol ratiro wt naseC|
range and fur tarmdr raorsaomedusfgage catadysdi diayesr wfata icatmbkysit | suigtable
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to 25 a tenperatu 6 Ui s“Irniro uctlon second stage
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cat al yst "ower end of e se sta e cataly re not 30
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with a partitio
15 lowing conditions:

(1) at the lower part of each reaction tube, i.e.,
the part of each reaction tube located within
the lower space in the shell, the first stage
catalyst layer charged with the first stage

20 catalyst is provided, at the upper part of
each reaction tube, i.e., the part of each
reaction tube located within the upper space
in the shell, the second stage catalyst layer
charged with the second stage catalyst is

25 provided, and an inert substance layer charged
with an inert substance is provided between
the first stage catalyst layer and the second
stage catalyst layer;

(2) void ratio of said inert substance layer is

30 between 40 and 99. 5%;

(3) said inert substance layer has a length suffi-
cient to cool the reaction gas from the first
stage catalyst layer to a temperature suitable
for its introduction into the second stage

35 catalyst layer, and is located at such a posi-
tion that the catalyst at the upper end of the



4 ‘plate to provide an upper space and a | ower space, each of said

two spaces being designed to allow circul ation of a heating nmedi um
substantially i ndependently of each other and in each of the reaction
tubes being forned are 5 a first stage catalyst |ayer of a catalyst

sui table for pr oduci ng nainly acrolein §hrough oxi dation of propylene

and a second stage catauy | ayer of a catalyst sui tabl e for FrodUC|ng
acrylic acid through OX|ckﬂﬁtnﬁtﬂgacﬁétalvsﬁelﬁyeén@ﬂﬂﬂthﬁ(ﬁﬁﬁﬁ gt at

oxi di zi ng propyl ene at w@gpr,&&bph ﬁg SFtQhEh§e@dﬁﬂ §¥ﬁggaé§@@j §{ to form

mai nly acrol ein, and successl ve oxi |Z|n3 he acro n at vapor
phase with the second st@g@rcameygubstbapit@ed ¥ "e@cry'lqﬂt'%l’lﬁdtth@aﬁret hod

bei ng characterlzed|!1tJﬁ#|anéglFrgﬁpghepgg$qlqmdﬁﬂdpy{%s £pgduct ed

under the fol- 15 Iomnng condit1on the l'ower part of
each reactibn tube,(4)i. @ starting gaseouaempézuetrl@fl SRt a igning ovr opwé-

| ocated within g% #|rs§uagac?rf® q%%éyuyértgrg¥ffﬁét st age

catal yst |ayer charged vmt?1 cataly
provi ded, at the upper paacibion tubes and tbscmaaﬁdtqmrgammssee t he

f h t
part of eac ‘he second St%wnew@gck%ﬁ oY U l}rfﬁecrl%)rﬁé space

in the shell, at al rged with the
second stage catal yst i Hlereinafter the present invention is specifi-

10 cally explained, referring to the appended drawings.

Fig. 1 schematically shows, as an example, a
known fixed bed shell—-and—-tube heat exchanger type
reactor which is disclosed in aforesaid Japanese Patent
Pubiication No. 21966/1979 A, in which only one reaction

15 tube among many reaction tubes is indicated to represent
the rest for convenience. As can be seen from Fig. 1,
the shell space in the reactor is divided into the upper
space and lower space with a partition plate 11; in the
upper part of each reaction tube 12 (i.e., the part of

20 each reaction tube positioned within the upper space of
the shell) a first stage catalyst layer 13 is provided:
in the lower part of each reaction tube 12 (i.e., the
part of each reaction tube positioned within the lower
space of the shell) a second stage catalyst layer 14 is

25 provided; and between said first stage catalyst layer 13
and the second stage catalyst layer 14 an Alundum layer
15 is provided. A starting gas 16 is introduced from
the top of the reactor and the reaction gas 17 is dis—
charged from the bottom of the reactor.

30 Fig. 2 schematically shows an example of a
fixed bed shell—and—tube .heat exchanger type reactor
which is useful for the present invention, in which only
one reaction tube among the many reaction tubes is shown
to conveniently represent the rest of the tubes. As can

35 be seen in Fig. 2, the shell space in said fixed bed

“shell-and—tube heat exchanger type reactor is divided



25 ' provi ded, and an inert substance |ayer charged

wi:th an inert substance is provi ded between the first stage
catal yst layer and the second stage catal yst |ayer;

(2) wvoid ratio of said inert substance layer is 30 bet ween 40
and 99. 5% (3) said inert substante |l ayer has a length suffi-
cient to cool .t 2 t|on as fromthe first st age catal yst

| ayer to a terlp Pattu ab”r%ace and lower space &iith aattohiento the

second stage glate 21, and:aé 614|é(§{|h§m{ed|aﬁ§d2'85 datr ¥ e FHeted POSI -
tion that the ﬁatal st at the udger end t he
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the | ower endlﬁﬂeb@hdﬁﬁﬂﬂvi&fagﬁcﬁabﬁh¥ﬁt In each of ﬂﬁ3“¥eéﬁ€hon
substantially free fron1the t her mal nfl uence fromt

partition P atubegnd2 @ first sfhage sakalvsas d&yéduganﬁ@#h%d wishh a2 ni ng
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reacti on tubes and t he reacti on gas passes
reaction tube§axdlysd: laver 23, ‘an inert sybétnan@eﬂawwg éﬂ%s%hllcdventlon

is specifi- 1Gi¢al law emérai NthstSAEET | gppevt. B%dap%fbd% "§5- this
A, A

Fi 1 schemati call shows, as an exa known fixe
shgl | - and- t ubdNBERL %%W kaysr 25 a’ second stage catalyst layer

10 24 filled with a second stage catalyst is provided.
While said first stage catalyst layer 23, inert sub-
stance layer 25 and, likewise, the inert substance layer
25 and the second stage catalyst layer 24, are normally
in direct contact, if necessary a member such as a piece

15 of wire net may be placed between these layers. A
starting gas 26 is introduced from the bottom part of
the reactor, and the reaction gas 27 is discharged from
the top of the reactor. |

Such construction of a fixed bed shel i—-and-

20 tube heat exchanger type reactor per se is known (cf.
Japanese Patent Publication No. 21966/79 A). In the
present invention, the partition plate 21 may be di-
rectly fixed on those reaction tubes 22 by welding or
like means. Whereas, for preventing thermal distortion

25 from occurring in the partition plate 21 or reaction
tubes 22, preferably an adequate gap is provided between
the plate 21 and the tubes 22, within a range allowing
substantially independent circulation of a heating
medium in the upper space and the lower space. Specifi-

30 cally, it is recommendable to provide a gap of about 0.2
to 5 mm between the plate 21 and the tubes 22. Again,
while the partition plate 21 may be directly fixed on
the inner wall of the reactor by welding or |ike means,
it may be fixed on the inner wall through a cylindrical

35 fixture plate (cf. Japanese Patent Publication No.
73674/1995 B1).



reactor which is disclosed in aforesaid Japanese Pat ent Publ i cation No.
21966/ 1979 A, in which only one reaction 15 tube anbng nmany reaction tubes

is indicated to represent the rest for convenience. As can be seen from
Fig. 1, the shell space in the reactor is divided into the upper

space and | ower space mﬁth a partition pla?e 11; in the upper part of
each reaction tube 12 (i th the part of 20 each reaction tube positioned

within the upper space dﬂ t qrﬁa&mélquasheiéragdagybeahsmﬁsmnqhangee is
provi ded; tPpkhe bW, P theX ¢ Fﬁ%hméﬂﬂﬁﬁn' QQnt BRe 1% Ui Q:f ﬁart
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of each reactlon t ube posi'ti oned w space
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6 10 charged in the parts of the reaction tubes located

f or

within the upper space) within each a suitable tempera-
ture range for the catalyst to exhibit the respective
oxidation function, independently of each other.
Catalysts useful in the first stage according
15 to the invention is subject to no specific limitation
but any of oxidation catalysts conventionally used for
vapor phase oxidation of starting gases containing
propylene to produce mainly acrolein can be used.
Similarly, the second stage catalysts are subject to no
20 specific limitation, but any of oxidation catalysts
conventionally used for vapor phase oxidation of the
reaction gases containing mainly acrolein to produce
acrylic acid can be used. Specific examples of those
catalysts are as follows. '
25 As the first stage catalysts, for example,
those expressed by the formula:
Mo, Bi, Fe, Ay B, C; D, 0, (where Mo stands
for molybdenum, Bi stands for bismuth, Fe
stands for iron, A is at least one element
30 selected from the group consisting of cobalt
and nickel, B stands for at least one element
selected from the group consisting of alkali
metal, alkaline earth metal and thallium, C
stands for at least one element selected from
35 the group consisting of tungsten, silicon,
aluminium, zirconium and titanium, D stands



into the upper space and | ower space with a partition plate 21, and a

heati ng nmedi um 28 can be circul at ed t hrough the upper space and | ower
space substantially i ndependent|y of each other. In each of the
reaction 5 tubes 22 a first stage catalyst, layer 23 filled with a
first stage catalyst is provided on said first stage catal yst |ayer

23, an inert substance I 5 filled w t-h an i hert supstan

provi ded, and further on Q%n% leasieppes g emeiite § (kﬁ ?é r°§e§§ﬁd st age
catal yst layer 10 24 filgesupi ébn@u&%ﬁﬂ@doﬂ’tm%@ﬂo@t t&l pievufed.
Wiile said first stage catabg er i,nert sub- st ance Iayer 25
and, |ikew se, the inertaRt ?‘&Y]ce I' HyePe”“"QS Lead.: el iy meREA

catal yst |ayer 24, are E$@ | ¥rsenitnafid eGinc;ORdrAFt0 dfam@s Pl ¥xg—
menber such as a piece 15 of wire nef may be placed between these |a ers A
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the reaction gas 27 is dieehpéJratib8Mof Mo, he.t OfF &of AheBre@ctprand 0,
Such construction of a fixed bed shell-and- 20 tube heat, exch anger type
reactor per se is known (e$Pectivgpxnedd F'z!i't'é’rh N @&tionl 0.b21866/ 79

A). I'nthe  present inyepti@n. cthg pantizg,ony plate-3 r@y.éeodom -10,
rectly fixed on those reaction tubes 22 by wel ding or ke neans.

Wher eas, for preventlng'fhbﬁngﬂ QiSGOﬂﬁl9n425ﬂﬂdnﬁ(ﬂﬁnﬁrﬂqmﬁﬁhﬁ@he
partition ppate 21 0r"¥§iu9”dete?ﬂbﬁ§d2%y B&ﬁ%gﬁ%ﬁt L A0SAUSLENTBE | S

provi ded between the plate 21 an he tubes 2 I'n a range al l'owi ng
substantially i ndependerﬁh%lﬂ:@l‘aﬂtﬁ?} of a heating medi um in the upper

space and the qgﬁﬁgi Specifi- 30 cally, it is reconmendable to
provi de a gap o out to 5 mm between the plate 21 and the tubes
22. Again, mm||e t he Amarthe i secend: stagenpptiad Whtscifar réxampbe,  the

inner wall of {ihad As dmﬁbdfnﬁ %o riidia neans, It may be fixed on
the inner wall through a cylindrica ’
1 Ay, B, Cg, D, 0, (where Mo

Moa' Vb' c’ e’ g’ x
stands for molybdenum, V stands for vanadium,
W stands for tungsten, A stands for at least
an element selected from the group consisting
of antimony, bismuth, chromium, niobium, phos-
20 phorus, lead, zinc and tin, B stands for at
least one element selected from the group
consisting of copper and iron, C stands for at
least an element selected from the group con-
sisting of alkali metal, alkaline earth metal
25 and thailium, D stands for at least an element
selected from the group consisting of silicon,
aluminium, titanium, zirconium, yttrium, rho-
dium and cerium, and 0 stands for oxygen; and
a, b, ¢, d, e, f, g and x express the atomic
30 ratios of Mo, V, W, A, B, C, D and 0, respec—
tively, in which, when a is 12, b is 2-14, ¢
is 0-12, d is 0-5, e is 0.01-6, f is 0-5, g is
0-10 and x is a numerical value determined by
oxidized state of each of the elements)
35 may be named.
Furthermore, those first stage catalyst and



35 flxture pl ate (cf. Japanese Patent .Publication No. 73674/ 1995 B1).

7 In the fixed bed shell-and-tube heat exchanger type
reactor, a heating medium can be circul ated through the two spaces
substantially i ndependently of each ot her, which allows easy control of
tenperatures of the 5 catalyst layers in ©he reaction tubes, corresponding
to the respective spaces (i.e., tenperature of the first st age

catal yst | ayersesondi stagé §Bﬁég9éti kot ikt ingfthe fihetreeageon tubes
| ocated within the | owe t hat of the conﬂastage cataly

| ayer 24 mhch3¥?hXFEhL?§§6 i tﬁ&ﬁ&ﬁ4ﬂ§@ﬂgQFﬁ?F%a ¥ﬁ5e§rP088Fed

wi thin the Upﬁf&ceﬁmﬁblw &8ER ﬁa§hn%|%wda¥§lﬁj§t€”p€l*@r instaKte, range for
t he catal yst to exhj b# t he respect|v OX gf"fn function
i ndependent | y RKUILH bY fikr stage cata Tysts t 5% %r%&Ef%PtFH'FMe first

stage accorgli NG\l 4 qné;heben&ﬁa?gea by THY FiddrO ¢P ﬁP@P*fééth Vighat i on
but any of oxidation catalysts conventionally used fo vapor phase

oxi dati on of sk%MQﬁ%gt©a§@§mcénfarﬁ¢n§tage[ﬁﬁﬁﬂﬂkﬁﬁak%yﬁfodﬁﬁe AaPant
acrol ein can her uggd cata | phe hﬁ?' Be to*]el UL tH aae Fﬁé@{yéﬁﬁr@ﬁ? dbi ect

to no 20 specific |1 mtation, oxI dation cat al yst
conventi onal | ytheseli k&r "F/apléﬁ"[dhibé @ﬁtdmll% lgve ke along e'lébﬁl bangidess

containi ng meiyylde aff PéEL NohOok’ HECRatalyst layer (direction of the
10 gas flow). The same are applicable also to the second
stage catalysts.

Preferred temperature of the first stage
catalyst layer 23 normally ranges 300-380°C, and that of
the second stage catalyst layer 24 normally ranges 250-

15 350°C. The temperature difference between the first

- stage and second stage catalyst layers 23 and 24 may
range 10-110°C, preferably 30-80°C. It should be noted
that the temperature of the first stage catalyst layer
23 and that of the second stage catalyst layer 24 ac-—

20 cording to the invention substantially correspond to
those of the heating medium 28 at the entrances into the
shell spaces (i.e., lower space and upper space) corre-
sponding to the respective layers.

Hence, the entrance temperatures of the heat-

25 ing medium 28 into the two shell spaces are determined
in correspondence to the respective temperatures of the
first stage and second stage catalyst layers 23 and 24,
which are set to be within the above specific ranges.

As an inert substance to form the inert sub-

30 stance layer 25 to be provided between the first stage
catalyst layer 23 and the second stage catalyst layer
24, any of those which have a void ratio within the
range specified in this invention, are substantially
inert to the acrolein—containing reaction gas from the

35 first stage catalyst layer, and are capable of cooling
said reaction gas to a temperature level suitable for




acrylirc acid can be used. Specific exanples of those catal ysts are as

follows. 25 As the first stage catal ysts, for exanple, t hose
expressed by the formul a: Mo[err] Bi[err] Fe[err] Alerr]
Blerr] CJerr] Dierr] Jerr] (where M stands for nol ybdenum
Bi stands for bismuth, Fe stehds for iron, Ais at |east one
el emrent 30 sel ected fromthe group consisting of cobalt

and ni ckel, Btieatadtiomtat ctht s8eonldetiaige catalyst layerecead beom

t he group COHSISJ ng of al kali netal, alkaline earth netal and
thallium C stands for at |east one el enent selected from 35

the group consisting OfShEEEtQﬁ sGthi Gpert substance iglnot ntrifMtical,
zirconiumand titani um st ands

for at |east &% lON&dt bEI%%?eHeffdéﬂFﬁkor a°°°mm°date%rbﬁpth8n3|stlng
of phosphorgis rela®dt ilor Wibes. For exampd@l, i MNynay ibe g::ednwnarl eddch

ni obi um nanga- rseni ¢ and zing,. 0 stands for oxy-
5 g &% ofaRasohig cring. o5p erdcady C¥ehidt iS4 he 1 ing-Tormed,”
atoni c ratlosdﬁ mAy Hﬂ1lﬁ@th@‘f3rm§ o ﬁ%ié%s rods, platesreﬁpﬁ?PbVE|y1
in which, when a is -1Q,-c is 0.1-2 dis 2-20,

e is 0.001-10net. 0¥ those fR?§°bJ§0"'@g‘|ssW earﬁP’!(V#%'%"ﬁLVrePFGQF 10
val ue determ pp¥rarli #edo st Ah8sPvecd®erdl substances are used,

10 their sizes are not necessarily uniform. Preferably,
however, those in which individual particles have a
maximum diameter less than the inner diameter of the
reaction tube and more than 1/10 of said inner diameter
are used. When a rod—-shaped inert substance is used,

15 two or more of such particles may be bundied for use.
Platy substances may be suitabfy bent or provided with
projections for use.

An inert substance layer according to the
invention therefore includes, besides such layers formed

20 by charging granular or massive inert substances, those
formed by filling or putting rod—formed or platy inert
substances in the reaction tubes. For example, further-
more, for putting bent or folded sheet—-formed inert
substance, it will be necessary to provide a means

25 suitable for holding the second stage catalyst layer
thereon, such as a wire net. Material of the inert
substance again is not critical, typical examples in—
cluding e¢—alumina, Alundum, murite, carborundum, stain-
less steel, silicon carbide, steatite, china, porcelain,

30 iron and various ceramics.

While it is not always necessary that an inert
substance constituting the inert substance layer, for
example, a granular inert substance, is uniformly
charged over the all 6f the inert substance layer,

35 substantially uniform charging over the entire inert
substance is preferred for effective cooling of the




t he el'enents) may be naned. As the second stage catal ysts,

far exanpl e, t hose expressed by the fornula, 15 Mo[err],
Vierr], Werr], Aerr], Blerr], (err], Derr], Qerr] (where M
stands for nol ybdenum V stands for vanadiqnl W st ands for

tungsten, A stands for at |east an el enent selected fromthe

group conS|st|n of antinony, bisnuth, chrom umnm niobium

phos- 20 gct'mﬁbre@ss | Euis %ta\‘éeraﬂaftMSOBagpAd@ss fiqr inert

| east one e'e%ﬁB%t%ﬁH@§‘H&Jﬂﬁﬁ“éﬁﬁbgéoaﬁher than granul@¥!sisting of
copper and iron, C stands for | east .an el enent sel ected

fromthe group con- ne of thesﬁ@$|ﬂ380ané|ianptwema ofyithe jireehrt h

netal 25 substa®ted tika/dd g Ebséﬁéﬂéthheach%ﬂ%ﬁﬁmbdﬂfﬂﬁﬁﬁng
selected fromthe group consisting o i con al um ni um

titani um $ir EBACKHONy EAS (fifjom Hehe first stage gajmlyst davermtandrop

stands for Oxiﬁﬂ%mre%%q:lon gas tempelaatarectod fanige $ ARG &6 £SEhkNe
atom c 30 ratios of M, V, B, C D and 0, respec-

tively, in whp¥hdattion &eastion bmstlzelaecend stage catalyst.fayer. | s
0-5, e is 0.0fp6, fh'§sdb#§o§b'sthe lner subs@aﬁ?eaq Hf% dunggi cal

val ue determ ned state of each of e elenents) 35
may be naned. have % length Mﬁﬂ@hﬂmb t@hgshlbultstsasﬁag@tdaxralgtsd and

10 function. Furthermore, when the first stage and second
stage catalysts are in direct contact with the partition
plate through the reaction tube walls, their performance
is deteriorated under the influence of heat conducted
from the plate. The location of the inert substance

15 layer, therefore, must be so determined as to prevent
such performance deterioration.

Accordingly, therefore, according to the
invention the inert substance layer must have a length
sufficient to cool the reaction gas from the first stage

20 catalyst layer to a temperature level suitable for its
introduction into the second stage catalyst layer, and
must be disposed at such a position as to substantially
prevent the thermal influence of the partition plate
from affecting the catalyst at the upper end of the

25 first stage catalyst layer (i.e., the catalyst adjacent
to the lower end of the inert substance layer) and the
catalyst at the lower end of the second stage catalyst
layer (i.e., the catalyst adjacent to the upper end of
the inert substance layer).

30 More specifically, it is preferred that the
length from the partition plate to the lower end of the
inert substance layer is at least 30 mm, and that the
length of the inert substance layer is sufficient to
cool the reaction gas entering into the second stage

35 catalyst layer from the inert substance layer (i.e., the
reaction gas at the entrance of the second stage cata-




9 ‘second stage catal yst constituting the first stage catal yst | ayer
and second stage catal yst | ayer are not necessarily each a single

catal yst. For instance, plural first stage catal ysts of different
activity 5 levels may be charged by the og?er of their activity | evel s
to forma first stage catalyst |ayer; or, part of the catal yst may be
diluted with gn |nert C rrler or e like, to t he act|V|ty | evel s

var
al ong the | endMft lavefke ﬁl?eEFf"BﬁrGftuﬂ'ﬁe"c%zh'y%}ie'{a n(Ehe e8P on of

the 10 gas f|QW)anc"31€t§rﬁd@r§tﬁrathﬂ ehle hedtingd mddrumer®nthe uppase
catal ysts. Prefe red1§d€perature of the first stage

cat al yst Iaye§92§QKh¥mW99erﬁ 88s 380[err]C, and that of t he second
stage catal yst |ayer 24 w:ﬁalty tnegas s?alfrcel et e gaetieypArature
di fference bet en the first ge and second stage catal yst |ayers 23
and 24 may ® Platg and 111‘@Te'|‘PP€" snéfera ige Jnesty esyhstanee shavied e

noted  that ﬁa‘?ﬁgé@rﬂm-a?@@emﬂf bP@ fleir rafbtlystzmr—em My, Standyehat 23 and
that of the second stage catal yst |ayer 24 ac- 20 cording to the invention

substanti al | y bedesasp tﬁ)a"t'tlh%epdﬁttehé:%é:étq nPwatdiend 2<B‘Fa't €he
entrances intqpdia sueéteétcépasgar( 'ra?tges' B30T adtdeprsslwsee)

corre- ~sponding to the respective layers
entrance tenpéMElmW%s of the heat- 25 ing medi um 28 into the two shel

spaces arejgletermined Q4K pogégegggdggge mcttlje,r{ses&)p%ﬁé/edﬁgpper atures

of the first stage and second stage catal | ayers whi ch
are set to beSMQSﬁﬂﬂQQuJQ&@WeaEQeEPf @ewamgegn increase in mseaaurnert

substance to qu,rda tdf § afé'ggeg’gf@' ?éa@ﬁ%r@} .fﬂ’eonpr ql P%t ween

the first stage cat al'yst the secon age ca yst ayer
24, any of th@éf@amurcﬁammazooed whiiich \iist Ieian sterch by plugging of the

reaction tubes with impurities which are contained in

15 the reaction gas, eg., molybdenum component sublimated
from the first stage catalyst and by—-produced high
boiling substances such as terephthalic acid; and also
to prevent these impurities from entering directly into
the second stage catalyst layer to deteriorate the

20 latter’s catalytic performance. These actions and
functions are enhanced when void ratio of the ‘inert
substance is decreased. Whereas, excessively low void
ratio increases the pressure drop and is undesirable.

Accordingly, according to the present inven-—

25 tion, void ratio of the inert substance layer is set to
be 40-99. 5%, preferably 45-99%. The term, “void ratio”
as used herein is defined by the formula below.

Void ratio =
30 (volume of inert _ (true volume of
substance layer) inert substance)

X 100 (%)
(volume of inert substance layer)

35
Furthermore, the term, “true volume”, as used herein

signifies, taking a ring for example, the solid volume




rangekspecified in this invention, are substantially inert to the
acrol ein-containing reaction gas fromthe 35 first stage catal yst |ayer,

and are capabl e of cooling said reaction gas to a tenperature |evel
sui table for 1 10 t he reaction at
the second stage catal yst |ayer, can be %sed. Shape of such

I nert substance js. no ritigal, so,long as ,,t can.be filled or
acconmodat ed 10} Hd'C g”‘ﬁe’é%tfﬁﬁ FEB$§?IF5P_%@%H%",3‘?E' may be granul ar,
such as of Raschig riWi@lensﬁherirlaaH, ragtliiondrs dalss rt;m gmtar,edthe Rgr Haé
be in the forng of masses. rods at es W re net ., pse, schi
rings can be c?d'rﬁlseﬁﬂre‘?ﬂ‘ﬁp%sb'a?fegsﬁﬁen &h?rﬂ?laér d?h“ffhskﬁvbsi tgher
subst ances arethsed9.18%,t heothsthesfanhetion X assls ithe UNMp@F Mties and

e in which individual particles have a

Preferably, hgwever, tho

naxinun1d¥é%et &R qq&i:?%% FRACE 1 @na&@Sc TS hefuce r%%cﬁf@ﬂuﬁgbe_and
nore than 1/ lQunfesiatdb j e\negs gl 8gEt er are used. Wien a rod-shaped inert
substance is used, 15t or npre of sgch particles may be bundl ed for use.
Platy substances may be AGFEHIJELEAL thE presieadd imvention cthetgaas for

use. ~ eous Atdrieirig SHRBEANSE b%h%"aiﬁq‘?@rgﬁlﬂ)ﬁ Reddieis jhPyeation
t herefore includes esi des, such layers formed 20 by chargi ng granul ar or
massi ve inertdgﬂiﬂeiiﬂﬂxat+ﬂﬂ%' Paf§r rfdepghr ineacig an ke iandrbhef or med
or platy in@rtreaction gas is let pass as an upstream. Whereby it is
made possible, as compared to known methods of introduc-
ing a propylene—containing starting gas from above the
reaction tubes and the reaction gas is passed as a
downstream, to reduce contamination of the second stage
15 catalyst with, eg., molybdenum component sublimating
from the first stage catalyst and high boiling sub-—
stances such as terephthalic acid, and the resultant
deterioration in performance of the second stage cata-—
lyst and increase in pressure drop caused by plugging of
20 the reaction tubes can be decreased.

According to the present invention, the heat-
ing medium is preferably let flow upwardly from a lower
part, either in the lower space alone of the two shell
spaces or in both of the upper and lower spaces. For

25 supplying a heating medium as an upstream, the entrance
of the heating medium is provided at a lower part of
said space or spaces, and the exit, at a higher part of
the space or spaces, and the heating medium is circu—
lated with a heating medium circulation device installed

30 outside the reactor. The heating medium is let flow
upwardly in at least the lower sheil space according to
the present invention, because when the heating medium
is let flow downwardly in the lower shell space, a space
without the heating medium is formed in the area at an

35 upper part of the lower space near the reaction tubes,
causing temperature drop at an inside area of the reac-



substances in the reaction tubes. For exanple, further- nore, for
putting bent or fol ded sheet-fornmed inert substance, it will be
necessary to provide a neans 25 suitable for holding the second stage

catal yst | ayer

substance again
Al undum nurite,
steatite, chlr:Fd

t hereon, such as a wire Ei Mat eri al of the inert_
Is not critical, typical exanpl es in- cl udi ng a-al um na,
car hor undum stal ess st eel ilicon, carbide,

ohhiRe S GO BBSPPR 'aﬁdtmn% Migh gesults in

Wiile it is n@cﬁ]ﬂ@ﬁc@e&ﬁs§ab¥tbh%ﬁaﬂﬂw rserdercodswustmﬁs coHskij et i ng
the inert substance | ayer, for exanp ﬁ granul ar, i nert substance, is

uni formy dHH% kP hthé°QIFm§fa§h8

Ms@rltngs st & $agkton3tu es

substantlalIydﬁufguggé&ﬁ@gtngngygasbhqne@mdgguﬂgndrop substance is
preferred for effectlve,ggolln of the

11 reaction gas. Thi

aiauehen: of sotsapcess fis ithe theat tpgsmadiss

having shapes i gt tdyant pEaNU! fhich may be one @1 mird NenastbABS &hd
functions of the inert . substance layér is to quench t he

acrol ei n- cont &afh e optienal by dasermdmedhd o rind 's‘t'ébéﬂ:a@%%“ﬂéyer to
drop the r@%l'mﬂﬁs ﬁ@@%ﬁ@h‘(@? oF Q:Hea'ﬁg&r%ﬂéé"@)e éé’ﬁ 536

oxi dation reaction I n the second st age cat al yst ayer For ,th IS purpose

the inert sub

@tbdrv(:éiqwén i meddsspo | onghase Tormatgian ff fsraeafs) owdskhibi t

said actiofganflit the heating medium is prevented and the upstream of
the heating medium or a downstream thereof can be se-—

cured.

Said “entrance temperatuke of a heating me-

dium” according to the invention signifies, in respect

15 of

the lower shell space, the temperature of the heating

medium passing through the entrance located at the

lowest end of said space because the flow of heating

medium is limited to the upward direction. In respect

of

the upper space, it signifies the temperature of the

20 heating medium passing through the entrance located at

the lowest end of said space when the heating medium

forms an upstream, and the entrance located at the

highest end when the héating medium forms a downstream.

As above, according to the present invention,

25 a propylene—containing starting gas is introduced from

the lower ends of the reaction tubes into each of the

first stage catalyst layers to conduct vapor phase

oxidation of propylene, and successively the reaction

gas containing mainly acrolein is introduced into the

30 second stage catalyst layers in the reaction tubes to

conduct vapor phase oxidation of acrolein, whereby the

object acrylic acid is produced. In that occasion,

composition of the starting gas and the reaction condi-

tions in the first stage and second stage catalyst

35 layers are not subject to critical limitations, but a

composition and reaction conditions conventionally



10 function. Furthernore, when the first stage and second st age

catalysts are in direct contact with the partition pl ate through the
reaction tube walls, their perfornmance is deteriorated under the
i nfl uence of heat conducted fromthe plate. The location of the inert

substance 15 |l ayer, therefore, nust be so !

performance deteri oration. ) ) Accordingly, therefpre, according
to the i n?@ﬁtlpé!ﬁ%t Ff(é)’ri ddris Kind pfcreagtio s%aP{a\pé & %‘ﬁ

sufficient to cool the rl\%%@ﬂdairh?a@offﬁm pReskhitsti nvlendd o#) @¥r) bisé | ayer
to a tenperature | evel  suitable gr | t ' toductio&rinto t he second

S, i
st age capalys?cﬂéyéﬁﬁ begpro b%tthSBség%éP'§B€W (SIS IRNARY R"¢ o
substantial | ypy thoe¢eRlge r&ﬁm{]ﬂm oRfHHeNen fethdd, Padiing h B 3 Re
fromaffecting the catabﬁft %; the upper end of the 25 first stage catal yst
| ayer (i.ed ftRactaral ydhesgharan comparedetpokbe somventinng hhaveth-
substance | ayggl 3¥d cotiuct i NS twb-588gk0vaRaTNE i@ IXTUSEeHd Sstage
cat al yst | ayer (i.e., the catalyst, adjacent to the uypper end of t he
inert substand8ingydwp rzactors, _aGNbi£'§§e§PPhcaﬁl9J9Hﬂgi%ﬂQﬂhﬁ%ﬁred
that the | gRghBnke?® H¥edifd linnoleBsary t8 GRUstiba IERdlvintdige.
i nert substance layer is at least 30 nm and that the  length of the
inert substance |ayer i Agajft jageonding tocshe Presesdctinye Prontechg
into the sgrogdoplams %a?;@%mglﬂeéeﬁipgytPQrLt'%erotf FRLEAGE Layes

(i.e., the reaction ) entrance of the second stage cata-
and subsequent increase in pressure drop can be solved

eterm ned as to prevent such

by provision of afore-described layer of an inert sub-—
stance. Furthermore, because the reaction gas from the
first stage catalyst layer which is apt to induce post-—

15 reaction such as autoxidation of acrolein can be suffi-
ciently cooled within a short time down to a temperature
range suitable for the reaction in the second stage
catalyst layer, the post—reaction can be effectively
prevented in the present invention. According to the

20 invention, an yield drop due to excessive oxidation of
acrolein can thus be prevented, enabling high vield
production of object acrylic acid. Still in addition,
the invention so prevents a runaway reaction which takes
place under severely excessive oxidation, and safe

25 operation is secured.

According to the invention, furthermore, a
propylene—containing starting gas is introduced from
lower parts of the reaction tubes and the reaction gas
is passed as an upstream, whereby contamination of the

30 second stage catalyst with molybdenum component subli-
mating from the first stage catalyst layer or with such
high-boiling side product as terephthalic acid and the
like can be prevented. In consequence, deterioration in
performance of the second stage catalyst due to contami-

35 nation, plugging of the reaction tubes and increase in
pressure drop can also be reduced.



12 " lyst layer) to a tenperature not higher than the en- trance
tenperature of the heating nmediumin the upper space by nore than

15[ err] C Normal |y the di stance between the partition 5

pl ate and the upper end of the inert substgnce |ayer ranges 200- 700 nmm
preferably 250-600 mm and t hat bet wee® t he partition plate to the

| oner end of the I nert substance, |l ayer ranges 30-300 mm preferably 50-
200 mm 10 o g2 (13 eFRr AHAET EACENEnd YENGION nct (heat filst ance

layer are to pleRMeM i €I PSR UPwRFETFUIR thedrRwelIdHWI Passa8e 6F,t he
reaction gas fromthe first st age reactlﬁn zone, which_ is caused

y
pl uggi ng of th@ bothedhe olpwemeand; upperpshedilespaces Fernahienned in 15

the reaction Qﬁ%céﬁ?) Wil YAPE NERE CRERENAB! medium & be drovenbed|irst
stage cat al and by-produced high bor'li ng substances such as

st a . )
t er epht hal % whieh snakies substaRtbadhy uRédermpemparatyregenteeing
direct]y | ntoover! ithe>GfUIe SLeRELRabAl YR FAYQL AU Yd QIR &t ! NEyéP

| atter's catalytic performnce, hese actions and functions are

enhanced whenoVoi d-hedt iaf dihe 1ikiraikr stagesapst second sdageLate | vobreas,
excessively | qyyqigd  THR | 0486 §25P5b1 BR BSCSS Wreo i &8¢y | fc acid
undesi rabl e. ] Accordingly, according to the present Inven- 25
tion, void raviiglef duse tncaecuunenaacef| syeericooded tayeas pin 4sbheg. 59

preferabl y; #5+9%3%¢ i e {18 %ﬁﬁigerQBWQEd as used herein is defined by
the formul a bel ow. oid ratro =30 (vol une of inert _
(true vol une of Hereinafter the invention shall be more con—
cretely explained, referring to working examples.
Example 1
[First stage catalyst]
15 Into 150 ml of water under heating and agita—
tion, 106.2 g of ammonium molybdate and 32.4 g of ammo-—
nium paratungstate were dissolved. Separately, 70.0 g
of cobalt nitrate was dissolved in 20 ml of distilled
water, 24.3 g of ferric nitrate, in 20 ml of distilled
20 water, 29.2 g of bismuth nitrate, in 30 ml of distilled
water which had been made acidic by addition of 6 ml of
conc. nitric acid. These three kinds of nitrate solu-
tions were mixed and added dropwise to the first ammo-—
nium salt solution. Successively, a solution formed by
25 dissolving 24.4 g of a silica sol containing 20 wt% of
silica dioxide and 0.202 g of potassium hydroxide in 15
ml of distilled water was added. Thus obtained suspen-—
sion was heated under stirring to evaporate water off,
and the residue was shaped and calcined at 450°C for six
30 hours while passing air through the system to prepare a
catalyst. The metallic composition of this catalyst was
as follows, as expressed by atomic ratios:
Co, Fe, Bi, W, Mo,, Si; ;5 Ky q6-
[Second stage catalyst]
35 Into 2500 m! of water under heating and stir-
ring, 350 g of ammonium paramolybdate, 106.3 g of ammo-



subst ance | ayer) I nert substance)

X.100 (% (vol une of inert substance |ayer) 35

Furthernore, the term "true volune", as used herein signifies, taking a
ring for exanple, the solid vol une

13 not including the central space t h&f eof . When t he
void ratio is less than 40%, the pressure.drop ipcreases, \Wereas, when
't i's higher niummetavasafiake; Anghd% dh iof AWheR LM (PAr A EHNESEALE and

5 that to coolydde dPashlvedias separa@iGed 8. PredefecoppeiNAeEraall €
results. Acc rdlnagto t he present inyentjon gas-

. | .the
eous starting Was & i$$0 bvedai Ri 130 mdpyfeater jynder heat jingeandr om a

lover part of Segchy [Ractard THRS 34 d ke Mk T8 9Ng 0gF béﬁkshspa&s&s an
upstream \Wereby it is possi bl e, as conpared to known nethods of

nmade e
introduc- 5 Wafy addedpy| Ehusclprmed darestkiqyids guare rehradodBdt he
reaction tubes, pfised NEn"£25bF BB 199D WVapASSASk an 3a hot dRAPEFT Ba%h, 1O

reduce contam nation of the second stage 15 catalyst wth, eg., nolybdenum
conponent subllindR ithe vaperdaerndurithar kAR mhiaf ysphanical gragsiileng

sub- SLanGes puefndSi hCHPRRERRY hatfd bf Hh Hifi AFSWhL 3Blded, and
eterioration in performance of the second stage cata-
vaporized to driness under stirring, followed by 6

10 hours’ calcination at 400°C. Thus a catalyst on carrier
support was obtained. The metallic composition of this
catalyst was as follows, as expressed by atomic ratio:

Mo,, V; 5 W, Cu, ,
[Reaction]

15 A reactor formed of stainless steel reaction
tubes of 6,000 mm in total length and 25 mm in inner
diameter, and a shell covering the reaction tubes was
used. A 50 mm—-thick partition plate was provided at a
position 3000 mm from the bottom of the shell to divide

20 the shell space into the upper space and lower space and
a heating medium was let flow upwardly both in the upper
space and the lower space. _

Each reaction tube was charged with, from down
to up, a first stage catalyst, an inert substance and a

25 second stage catalyst by the order stated, to respective
lengths of 2,800 mm, 700 mm and 2,500 mm. Said inert
substance was stainiess steel Raschig ring of 8 mm in
outer diameter, and void ratio of the inert substance
layer was 98. 5%.

30 A starting gas composed of 6 vol.% of propyl-
ene, 60 vol.% of air and 34 vol.% of steam was intro-—
duced from lower ends of the reaction tubes and sub-
jected to the oxidation reactions under the following
conditions (flow rate and catalyst layer temperatures).

35 <Flow rate>

The space velocity (SV) through the first



| yst and increase in pressure drop caused by plugging of 20 the reaction

t ubes can be decreased. According to the present invention,

t he heat - ing mnediumis preferably let flrow upwardly froma | ower

part, either in the | ower space alone of the two shell spaces or in
both of the upper and | ower spaces. For 251§upplying a heating nediumas an
upstream the entrance of the heating nmediumis provided at a | ower part
of sai d spagtage spiadystad@nearc wes tsehitte h#gﬁgpophrt of t he space

or spaces, and¢phgaligati NGy if&ﬁdé*éiﬁf#§> |l ated with a heating medi um
' |l ' the rea

circulation device installéd 30 outside ctor. The heating nediumis

let flow  upwardly in dempeastf thie sbwetagaccatapuss deverdilemtrance the
present | nventigfp DeFAERE Weat e mEdt imdi Hed Lt |ober! Shaldw

downwardly in t ower shell space, a space thout the heati’ng medi um
is formed i B t889&Lea at an 35 upper part of the |ower space near the

reaction tubes, causi RgpbeMe Add dﬂé$ﬁ€% ?%E%P?EQ?AQQQQ Ve ritl dSEC-

14 tion tubes corresponding thereto, occurtence’ of
substanti al | y temer cofl dhephead itng giedium inte tbesupbepr splaee :as

pl uggi ng of thggpeaction tubes and subsequent increase in pressure drop.
5 The nunber of entrances for the heating nedi um I S not
critical, which may be oReoopy lemee admversignsingnd acrylic acid yields

10 at the initial stage reaction and after 1,000 hours’
reaction are shown in Table 1, together with the temper-
atures of the reaction gas at the entrance of the second
stage catalyst layer.

The reaction was stably continued over 4, 000

15 hours without any problem. The pressure drop at the
reaction tubes was 6,000 mm (water column) at the ini-
tial stage, which was 6,200 mm after 4, 000 hours’ opera-
tion, the increase being only by 200 mm.

Example 2

20 Example 1 was repeated except that stainless
steel Raschig ring of 6 mm in outer diameter was used as
the inert substance and void ratio of the inert sub-
stance layer was made 85%.

The propylene conversions and acrylic acid

25 yields at the initial reaction stage and after 1, 000
hours’ reaction are shown in Table 1, with the reaction
gas temperatures at the entrance into the second stage
catalyst layer.

The reaction was stably continued over 4, 000

30 hours without any problem. The pressure drop at the
reaction tubes was 6,050 mm (water column) at the ini-
tial stage, which was 6,300 mm after 4,000 hours’ reac-
tion, the increase being only by 250 mm.

Example 3

35 Example 1 was repeated except that porcelain

beads of 8 mm in outer diameter were used as the inert



can bé optionally determ ned for individual occasions. Simlarly,

position(s) of the entrance(s) can be suit- ably determ ned, so |long as
formati on of space(s) with- 10 out the heating nmediumis prevented and the
upst ream of t he heating nedium or a downstream thereof can be se-

cur ed. Said "entrance tenperalre of a heating ne- di unt

according to the invention signifies, in respect 15 of the | ower shel
space, the tergubstanee oindheohdatriatgo ofhdtheimmersti spshancgh!ayer
entrance | ocat qﬁa&$e45% | owest end of said space because the flow of
heat i ng mediumis Timted to the upward direction. In respect of the
upper space, it signifiebhehpropypenat wonversiron0amdaacngl hedacidpassi ng

t hrough the entyr C d.at .. _,t I f [ c n the
heat i ng nemljy'é¥&%r%€ gﬁgubngégél gﬁﬁﬂﬁﬁé{éﬁg%%%c%ﬁﬁoggfgg gtw?ﬁe

hi ghest end wanuntsit hea¢t hgnmadieushiomms e Tlabhestt.eami th the reactioks
above, according to the esent _inyentio 25 a ylene-cont ai ni,n
starting gas i%aa‘? nﬁ?%'&géuFFSmat e 90 nce$d£ﬁ€$ Jflﬁ% ?Eggb?oﬁtﬁgﬁes
into each of tdwtalydtrbayetrage catal yst |layers to conduct vapor phase

oxi dation of propylene, .and successively the.reaction. as_cont,aixni-ng
mainly acrolein is intro uﬁeﬁePﬁgdophgééJéiﬁHﬁ%i%ﬂ%ﬂbn%%ﬁa?ng ﬁayg-s I n

t he reacti on thoiass twi thogbndngt prapdrenphaskhe>p rded swne odirapr ateithe wher eby
t he object acrylic acid is produ In that occasio nposi.tion of
the start) ) JRASHSR nEuBesoHRS Bt ' farl CETVRD) (ot S ERE ABd -and
second stage ciital ystagsé, | wiech aae 6o170Umecdfter c4, 000 aholir 87t Rlela@?s,
but a conquHgA(M1 and reaction conditions conventionally

Example 4

Example 1 was repeated except that the length
15 of the inert substance layer was reduced to 450 mm.
The propylene conversions and acrylic acid
yvields at the initial reaction stage and after 1,000
hours’ reaction are shown in Table 1, with the reaction
gas temperatures at the entrance into the second stage
20 catalyst layer.
The reaction was stably continued over 4, 000
hours.
Example 5
Example 1 was repeated except that the length
25 of the inert substance layer was reduced to 500 mm.
The propylene conversions and acrylic acid
vields at the initial reaction stage and after 1,000
hours’ reaction are shown in Table 1, with the reaction
gas temperatures at the entrance into the second stage
30 catalyst layer.
The reaction was stably continued over 4,000
hours.
Comparative Example 1
Example 1 was repeated except that porcelain
35 beads of 4 mm in outer diameter were used as the inert
substance and void ratio of the inert substance layer



15 " enpl oyed for this kind of reactions may be adopt ed.

According to the present invention, acrylic acid can be produced at high
ef ficiency from propyl ene by two-stage catal ytic oxidation nethod, using
only one 5 reactor. Therefore, conpared to the conventional neth- ods of
conducting the two-stage catal ytic oxidati&h using two reactors,
facilities such as piping and heat exchangers becone unnecessary to

i ndustrial adwas dfsgde 35%. Howeveggaitheadvmssune tdrepeakr ébenreac—

 nvent i on, sucly di) DLLLes? 208! HAOI M Ur GEItGR) PAET En8T | hERGRION tubes
and subsequent increase in pressure drop can be solve by provision of
af or e- descri beteacl/on ostagei nese 3ob8, 000 mwhcasf t er 4000 nbour shecease t he

reaction gas fyolpthey cBH?BuEE@% o aJWeStr%?a/{?fthngri 3 pPB bR geyiuce
post- 15 reaction such as aut oxidation of acrolern can be suffrr - clently
cool ed wi t W5 n rersihed tbecame ddififii cud tt enmfditatrurtermimahiensaft &bee for the
reaction int S at.al oSk ar Is C e
effectively t}eeparstg{';/fe)(pn"?’ed}|ﬁ1%?gﬁe°(£r tetziéeyn?’telér?\?%n n o%ﬁ%%c@%%i %ggﬁ‘éﬂgﬁe%&fb
i nvention, an accimubabponueft orgstaddiine mdttalysh oémponentobaidnsodn d hus

be prevented, | Ng: hi yi. el r ctio obj ec l. ¢ acid.
Still in addi t‘ﬁ]ﬁg It {ﬁegﬁﬁvéﬁfigén Sé@%daﬁ‘fe%tﬂaﬁé? u‘ﬁ%%@egééét’ 268 whi ch
t akes pl acavhinclerwassvthel gaaseeSoirvd noriedese oim timel paéss@beodeoati on i s
secur ed. E% Compara Acco dim to,t he invention, furthernore, a

nt -

propyl ene- I ntroduced from | ower parts of the
reaction tubes and the rEaetreactasn under the identical conditions

with those in Example 1 was attempted, except that the
lengths of the first stage catalyst layer, inert sub-
stance layer and the second stage reaction layer were

15 changed to 3,000 mm, 200 mm and 2, 800 mm, respectively.
The reaction, however, was inoperable because of abnor-
mal temperature rise in the second stage catalyst layer
which occurred immediately after initiation of the
reaction.

20 Comparative Example 3

The reaction of Example 1 was repeated except

that the direction of flows of the heating medium in
both the upper space and the lower space was made down—
ward. However, the pressure drop at the reaction tubes

25 which was 6,000 mm (water column) at the initial reac—
tion stage rose to 7,800 mm after 4,000 hours’ reaction.



is passed as an upstream whereby contani nation of the 30 second stage

catal yst with nol ybdenum conponent subli - mating fromthe first stage
catal yst layer or with such hi gh-boi |l i ng side product as terephthalic
acid and the | i ke can be prevented. In consequence, deterioration in
perfornmance of the second stage catal yst dék to contam - 35 nation,
pl uggi ng of the reaction tubes and increase in pressure drop can al so be
reduced. _ 16 Agai n
accordi ng t g—the—+rAvgrtt+ofrr—a—heatthg fregh-ts—tetHowppwardly in the
| ower shell |sace g, o ’\lhfoltn hlh |oner hr;gl Apgr shell spages
formation of 3 sBace(s) W thout S oeat i by fredifum car be pfeventjed, 5
: (o]
whi ch enabl «ps'-sgbgtg tBa B yeun% o8N B r%e& eclo8d rel ol e whol e
| engt h of t1e<f<r>stv<tage catal yjst |ajer  |or, tlhat off the first |stage and
second stag¢ catal yst rdyers.| Thus,] suchfa pr bl'em gs a dfop 1] acrylic
acid yi eld dge to|occurf|ence [of suger coo ed arjeas in the [0 reqction
tubes can b 8afveds| o o| o o| JEEqIRAL PIotEY LNt on shal L, be nore
con- crefePyPex Llpeé ref g5 Ir Lhgtjquwer KingAxaimb¢s. Rxaggle 1
[First stag¢ Eagaly t]o>1 o oo PHe _bSded onaP¢r pundpe hedt i ng and
agita- tiop, 5106. ﬁ g of [amonji um nmyl ybdate and 32. 4 |{dgof Rmmo-
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ni um par at ungst ate were di ssol ved. Separately, 70.0 g of cobalt nitrate
was dissolved in 20 m of distilled water, 24.3 g of ferric nitrate, in
20 M of distilled 20 water, 29.2 g of bisnuth nitrate, in 30 m of
distilled wat er whi ch had been nade acidic by addition of 6 m of

conc. nitric acid. These three kinds of niéfate sol u- tions were m xed
and added dropwi se to the first amo- nium salt solution. Successively,

a solution foﬂﬁEﬂ”b? 25 dissolving 24.4 g of a silica sol containing 20 wt %

of silica df oxi de and p?ﬁauﬂtQBnP |8 AVLE Py éQIASHhIGW

distilled water was adde us obt ai ned suspen- sl on was heat ed un er
stirring to evapbised bedeshef: andﬁmﬂbqrh#atﬂﬁxnkan&srshnpedranet@alC|ned

at 450[err]C f&ém?»‘ i's 39gthU§ﬁe‘4"‘i' 'a%@%ssl'{s}%é'ﬁuﬁ$@PUBP FQSc%Y%e‘E‘uTb%s

prepare a cat he metallic COIH) I on hi s cat al ys as
fol l ows, as em«e\ss%dbyeatowélwamr@s e the shell, s:a)[érsnlelté[apa]ce

Bi[err] Werr] é\f/}{vé ;dr” uﬁgéﬁ”}\tg[ ol de tH Sf%dtﬁ?@ﬁ gg%f‘leyfp g?‘%w.de

Into 2500 m heating and stir- ring nmoni- um
parannlybdaieeaﬂimpnﬁg spagenend a lower space, each ‘of sa|d two 17

ni um et avana%éacé\g%emg Qeg gﬂ@@@ou@lplatfv?té'grgéﬁ F‘é@lon éﬁrg ﬂ'e%qqu

Separately, 8 ved
under heatlngmmdﬂum wastangJaénd Hmﬂcnﬁndﬁnﬂﬂ!uwfweébﬂ gtbércapdoum

oxi de each of the reaction tubes being formed are a first
stage catalyst layer of a catalyst suitable for produc-
ing mainly acrolein through oxidation of propylene and a
second stage catalyst layer of a catalyst suitable for
producing acrylic acid through oxidation of acrolein;
and which comprises oxidizing propylene at vapor phase
with the first stage catalyst to form mainly acrolein,
and successively oxidizing the acrolein at vapor phase
with the second stage catalyst to produce adrylic acid;
the method being characterized in that this vapor phase
oxidation is conducted under the following conditions:
(1) at the lower part of each reaction tube, i.e.,
the part of each reaction tube located within
the lower space in the shell, the first stage
catalyst layer charged with the first stage
catalyst is provided, at the upper part of
each reaction tube, i.e., the part of each
reaction tube located within the npper space
in the shell, the second stage catalyst layer
charged with the second stage catalyst is
provided, and an inert substance layer charged
with an inert substance is provided between
the first stage catalyst layer and the second
stage catalyst layer;
(2) void ratio of said inert substance layer is
between 40 and 99. 5%;
(3) said inert substance layer has a length suffi-

RN O A A




5 was "added. Thus forned two |iquids were m xed-and--.placed in a

por cel ai n vaporizer on a hot water bath. I nt|p THe sMappLiszesedt her 1000
m of spherical carrier of 3-5 mMmin dianetg madeisfaasd um ngd was
added, and vaporized to driness under stirridws -0 hours
cal cination at 400[err]C. Thus a catal yst &h carrier support was
obt ai ned. The netallic conposition of this catal yst was as foll ows, as
expressed by atonmic ratieient to cool theb[readti\drergds Weom] theufersit

[ Reaction] 15 C fror t,al agt i.

tubes of 6,000 mMmin tot%ﬁ?gn%%aéﬁg'@g aﬁéﬁfrﬁ n@ngﬁém&égiﬂé%gegh'g%(? Iae
shell covering the reactfon itbesntaoductised.i tdOtmen$dcahdpataigei on

pl ate was provided at a L 00 forom t the shell to
di vide 20 the shell spac%aF%?iE%hggaégér%ﬂgmﬂfeﬁéggiégréggggéhaﬁdpos'a
heati ng nmedi um was | et ftbenuphatdithebetalysthatupdee uppepaendaod tthe

| ower space. . h_reacti t,ub s charged with, . fromdog

to up, a first stage catgl Egg sgggfng%tqasldﬁgtt \Qﬁacyee'gn E%es‘é%ﬂ(ﬁyﬁta@ :
catal yst by the order stthed)owerr endeotfi whe sdovrid hstage 2c8081yst 700 nm
and 2,500 nm Said inertI subst anc mastgt Hnle S sLEeI Rﬁﬁch%H ring of 8
nm i n outer diameter, RNAFVAFE PLOSEA 1AL Y drie sUbRPahle therRdd: vas
98.5% 30 A st emflognges feompahed pair 16 tvicdn % bate) oppd- ene,

60 vol . % of air and %ﬁ voI.OoOE.stean1mas intro- . duced fromlower ends
of the reaction tubt® arfl SEBF I ng;"gasgus, Mate rda L5970k | 2LREi BROPYHder
the follow ng conditieme (&l dwtrodacedd foaimal sied qy£rté eoPetheures). 35

<Fl ow rate> rgygtfgﬁc%ugggogAQIéﬁ?oréggf¥§%]égg ngg%s

through the reaction tubes as upstreams.
2. The method according to Claim 1, in which the
heating'medium is let flow upwards in at least the lower
space of the two spaces.
3. The method according to Claim 1 or 2, in which
the length from the partition plate to the lower end of
the inert substance layer is at least 30 mm, and the
length of the inert substance layer is sufficient to
coo! the reaction gas entering into the second stage
catalyst layer through the inert substance layer to a
temperature not higher than the entrance temperature of
the heating medium into the upper space by more than
15°C.

) ) AR
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stage ‘catal yst |ayer was set to be 1500 hr <Cat al yst | ayer tenperatures>

Tenp. of first stage catal yst |ayer (entrance tenp. of the heating
mediuminto the |l ower space): 5 325[err]C. cond
stage catal yst |ayer (entrance tenp. of the hea

upper space): 260[err] C Pi28py| ene séWﬁ Fylic

acid yields 10 at the |n|t|aI stage reaction and a ter 1RBB
reaction are shbshra Nk 8 surevth the t atures of the
reaction gas at the entrance of the second st age catalyst | ayer.

The reaction was stably continued over 4,000 15 hours w thout any problem
The pressure drop at theA maﬁhndiﬁnrtpﬂnﬂuubngaOﬁOlmntéuaﬂeﬁrmmiunn) at

tihgni, nit he i ncr gégggﬁﬁg%nlﬁggg@ equozoo maﬁgﬁﬁ#egggggogrﬁalo eirca-Exarrpl e

1 was repeatedomxdaptohhasrm@maﬂsmngle fixed BRadcbhg!liragdoftubehéat out er
di anmeter was used he i nert substance ange¥0|d atlo;ﬁfdthe i nert

sub- st ance *393Pgﬁés ¥RGe r&Rgtor Is provi 8p e SR si ons

and acrylic acpdigésydéhdd inmig tihe ighé | hl spaeet ofnsat dge eard orf tigrtdl, 90
hours' reaction_are shown in gble 1, with thghreactr t.enper at ures

at the entranc%pPﬁfosPﬁges@&&1 aWey Space wi partition’plate,

allowing a heating medium to circulate in each of the
spaces substantially independently of each other, and
carrying out the vapor phase oxidation under specific
conditions. Said specific conditions including provid—
ing a first stage catalyst layer at lower portion of
each of the reaction tubes, a second stage catalyst
layer at upper portion thereof and an inert substance
layer therebetween, and making void ratio of the inert
substance layer 40-99. 5%
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catal yst | ayer. The reaction was stably continued over 4, 000
30 hours without any problem The pressure drop at the reaction tubes
was 6,050 nm (water columm) at: the ini- tial stage, which was 6,300 nm
after 4,000 hours' reac- tion, the increasg=keing—only hy 250 nmm
Exanpl e 3 35 . Exanple 1 was repeat ed euae@m=EMaywp9E9@'a'“

beads of 8 mMmin outer dianeter were used as fhe i rRERLACED f
19 substance and void ratio of the inert was made
45% ' The propyl ene conversions and acrylic acid yi el ds at
the initial reaction stage and after 1,000 5 hours' reaction are shown in
Table 1, thI1FEheLr tion gas tenperatures at the entrance into the

t

second st age st | dyer. The reaction was stably
continued over 4,000 hours w t hout |any I The reqeyre drop at the
10 reaction tubes was 6, 100 nn1(mater-coyUnn) at the ini- tial stage,

whi ch was 6, 700 mm after 4,000 hours' |rehc- ot~ Exanple 4 .

Exanple 1 was repeated except that thg Iength 15 of the inert substance
| ayer was reduced to 450 mm
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The propyl ene conversions and acrylic acid yields at the initial
reaction stage and after 1,000 hours' reaction are shown in Table 1,

with the reaction gas’ tenperatures at the entrance into the second stage
20 catal yst |ayer. The reaction was stably continued over
4,000 hour s. Exanpl e 5 Exanp cept
that the length 25 of the inert substance Iayer{m&ﬁ“%%ﬁﬁ%%HA§§E§UOImm

The propyl ene conversions and acrylic acid yi P ni tial
reaction stage and after 1,000 hours' reaction are shown 1n Table 1,
with the reaction gas tenperatures at the entrance into the second stage
30 catal yst IayeF; Jo The reactlon was stably continued over
4,000 hour s. nsgiati Exanpl e Exanple 1 was
repeated except that porcelain 35 beadq of 4 mmin outer di Zer wer e used
as the inert substance and void ratilo ¢f the inert ﬁubstagg | ayer

20 was made 35% However, the presduré¢ drop at the reac- tion tubes

of 6200 mm (water colum) at the initia3 reaction stage rose to 8,000 mm
after 4000 hours' reac-
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/tién,ﬁahd continuation of the reaction over a prolonged 5 period becane

“difficult. After term nation of the: feaction, inside of the reaction

t ubes was ‘exam ned and accunul ati on of crystalline catal yst conponent
and solid deposit in the inert substance | ayer was recogni zed, whi ch
was the cause for increase in the pressyfe drop. 10 Conparative Exanple 2
The reaction under the identical conditrions with those in Exanple 1 was
attenpted, except that A PRODUCHON METHOD OF ACRVLICtRQD cat al yst | ayer,

i nert sub- stance | ayer and the second stage reaction | ayer were 15

changed to 3,000 mm 200 nm and 5,800 g&k Egigectively. The reaction,
however, was inoperabl e because tenperature rise in the
second stage catal yst | Aymethodwfierh promduc olgi avedil ately i df feom nitiation
o b, L haRledd TR o AT By twpacarer b TATEEL 0l g
medi um i n boi dat henuppéngs e regie thiexédvibedsphed |wandradd ed wat
i (wat ot col txpRangeEhEVpg: el tr, ¥ BT 1NN, | IR, BB PR Rl o o er
4,000 hours' pebsésodividing the sH¥l [ espice of said reactor into an
" upper space and lower space with a partition plate,

allowing a heating medium to circulate in each of the

spaces substantially independently of each other, and

carrying out -the vapor phase oxidation under specific

conditions. Said specific conditions including provid-

ing a firsf’stage catalyst layer at lower portion of

each of the reaction tubes, a second stage catalyst

layer at upper portion thereof and an inert substance

layer therebetween, and making void ratio of the inert

substance layer 40-99.5%
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22 (dains: 1. A production nethod. of acrylic acid which uses a fixed
bed shel | -and-t ube heat exchanger type reactor conprising a shell and a

| ar ge nunbéer of reaction tubes provided vertically inside the shell, said
shel | space being divided into two with a partition plate to provide an
upper space and a | ower space, each of said two spaces being designed to
allow circul ation of a heating nmedium stgbstantially independently of each
other and in each of the reaction tubes being forned are a first stage
catal yst layer of a catalyst suitable for produc- ing mainly acrolein

t hrough oxi dati on of propylene and a second stage catal yst | ayer of a

catal yst suitable for producing acrylic acid through oxidation of acrolein;
and which co i §es i di zgng propyl ene at vapor phase with the first stage
catalyst to f rnﬂﬁa(ﬁfy aé1o|ein, and successively oxidizing the acrolein
at vapor phase with the second stage fatal oduce af§ylic acid; the
nmet hod bei ng characterized in that th|s gapor phase oxidatidn is conducted
under the foll ow ng condit.ions: 1l a part of each reaction
tube, i.e., the part of eacp rfeagtion tube |ocated within

the |l ower space in the shell, the firpt |sthge catal yst | ayer
charged with the first stage

13

2 11

s
S

YA AT,
N

12 A
=y 15
]
12 i) 14

12 JAN 1999

lREPLACEI»’!ENT SHEET
|

17 < J




-~

pathlyst*is provi ded, at the upper part of each reaction tube,

i.e., the part of each reacti on tube | ocated within the upper
space T in the shell, the second stage catalyst |ayer

charged with the second stage catal yst is provi ded, and an inert
substance | ayer charged with ap_inert substance is provided

bet ween the first stage catal yst | ayer and the second

stage catal yst |ayer; (2) void ratio of said inert substance layer is
bet ween 40 and 99. 5% (3) said inert substance |ayer has a |l ength
suffi - 23 cient to cool
the reaction gas fromthe first stage catal yst layer to a
tenperature suit I* for its introduction into the second stage
catal yst | ayer, *and®i s™'dcat at suchf@a posr- tion that the
catal yst at the upper end of the first stage rahalzfz | ayer and
the catal yst at the | ower end of t tage catal yst

| ayer are substantially free fromthe tjhef nal i nfluence fromthe
partition plate,

28
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(4) a starting gaseous material containing propyl - ene is

I ntroduced from |l ower parts of the reaction tubes and the
reacti on gas passes t hrough the reaction tubes as upstreans, and
(5) the heating nediumis let flow upwards in at | east the | ower
space of the two spaces. 2. The nethod according to Cdaiml, in

which the length fromthe partition plate to the |lower end of the inert
substance layer is at least 30 mm and the length of the inert substance

| ayer is sufficient to cool the reacticwb as entering into the second stage
catal yst layer through the inert substancCe |ayer to a tenperature not

hi gher than the entr angeoLerpsr 3hy1iceHe 'Waadirlh Ead™Fhai kRLO g PPer
stage catalyst layer to a temperature suitable
for its introduction into the second stage '
catalyst layer, and is located at such a posi—
tion that the catalyst at the upper end of the
first stage catalyst layer and the catalyst at
the lower end of the second stage catalyst
layer are substantially free from the thermal
influence from the partition plate,

(4) a starting gaseous material containing propyl-
ene is introduced from lower parts of the:
reaction tubes and the reaction gas passes
through the reaction tubes as upstreams, and

(5) the heating medium is let flow upwards in at
least the lower space of the two spaces.

2. The method according to Claim 1, in which the
length from the partition plate to the lower end of the
inert substance layer is at least 30 mm, and the length
of the inert substance layer is sufficient to cool the
reaction gas entering into the second stage catalet
layer through the inert substance layer to a temperature
not higher than the entrance temperature of the heating
medium into the upper space by more than 15°C.
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