4 PRODUCTI ON PROCESS FOR ACRYLIC ACID [Field of the Invention]N5H§ﬂ$$%sent
i nvention relates to a production process for 5 acrylic acid. re>?22-%
specifically, the present invention relates to a process for producing
acrylic acid stably at a high yield over aglong period of tine in

subj ecting acrolein or acrolein-containing gas to vapor phase oxidation

"with an oxidizing cat pwpmmﬁﬁgcﬁgm %@I@YL#@ %&bat ed Art]

Acrylic acid is industrially pro on a large sca y a catalytic vapor
phase oxidation of acrolein. In this case, acrolein-con- taining gas

obt ai ned by suhjecti opyl.ene, to vapor phase oxida- 15 tion with an

oxi di zi ng cat !ﬂé& %ﬁﬁ%ﬁl‘?\‘ﬁl ybdenum and bi smuth as essenti al

conmponents i s generall . ' teri .1 by
addi ng air and steam ta‘mﬁgﬁgége%clgw&ﬁ%&%y?agg%% @qugiqt@g%%‘?%f%? oduced
by so-call gd hepylsé apid.eMdrerspécifiBallg] tlde ggéﬁﬂﬁ&lv@lﬁmﬂ eelatebitedt | ng

propyl ene to catalytic vapor phase oxli da- tion to formacrolein and a
latter step fproeassfortpnogducinglasrylic asidistablyrat ghdghiyieldever a lonigs
former step to Caté‘;ﬁl&ﬁ'i [ vapg]Trb.%gase oxi,da- tion fo proquce. acrxl i,c acid.
In the two-stBF1Q 1g1e 10 SUbJLHPE BGTRleIR SRArLPleIpront A ANg 828 &ft ai ni ng
gas obtai ned | . Wath WelsH r Ll ' ut an
after-reacti oggg%Pg)}L%ﬁlg%%?lat ur e?n%ﬂahéggoﬁgl%%r@%ﬁdgﬁé Ji‘?)%}glpéz)ed to
carbon nonooxadel.and carbon di oxi de, but al so sudden heat generation and a

change in the volune are caused, so that there is a problemin terns of
safety. AdBordingly, the acrolein-containing gas obtained in the forner

step is qui Ckm%& o&#&d down to a safe tenperature at which the
after-reactio oggano t ake pl ace.

Acrylic acid is industrially produced on a large scale by a
catalytic vapor phase oxidation of acrolein. In this case, acrolein-con-
taining gas obtained by subjecting propylene to vapor phase oxida-

15 tion with an oxidizing catalyst containing molybdenum and bismuth
as essential components is generally used for a reaction raw material
as it is or by adding air and steam thereto. Accordingly, acrylic acid
is usually produced by so-called two-step reaction comprising a
former step for subjecting propylene to catalytic vapor phase oxida-

20 tion to form acrolein and a latter step for subjecting acrolein-contain-
ing gas obtained in this former step to catalytic vapor phase oxida-
tion to produce acrylic acid.

In the two-step reaction described above, however, the
acrolein-containing gas obtained in the former step has a high

25 reactivity to bring about an after-reaction at a high temperature, and
not only acrolein is oxidized to carbon monooxide and carbon dioxide,
but also sudden heat generation and a change in the volume are
caused, so that there is a problem in terms of safety. Accordingly,
the acrolein-containing gas obtained in the former step is quickly

30 cooled down to a safe temperature at which the after-reaction does

not take place.




2 Accordingly, the acrolein-containing gas fed to the latter step has a

| ower tenperature than the reaction tenperature or is heated up to the
reaction tenperature at nost if heated again by pre-heating. The reasons

t hereof are not only to prevent, as de- 5 gcribed above, the after-reaction
of acrolein but also because of the risk that an introduction of the

forperature makes Tt i ACOERRID, W8 aEholb R P HiBe TR HEINRE, o
t heref ore cauggsp hasaPl®wer fBngerachr®that theaastion y¥rafiaeioeiy 10
Di scl osed in Japanese Patent Application Laid-Open No. 229984/1993 is an

i nproved r eacthieatied anpte thereagtiopriemperatue atunpstf sateideagaimbya
conversion of acrolei.n angd a sel ectjvity.of acryli.c acid. It is gdescribed
Cherel n that REEdIRAUREo DS RERRPTIHIISEE Ave by 3 BrdventepRciFe. wihi ch
s higher By QctiBeddifivd, EhioARedctibAloflack SIERA AL M IR0 HecR BT 1N | aver
and then introduced into’'the reaction layer. wever, It 1s an essenti al
requisite in riskstlpaoansntrdditction eftheatcrokinicontaisiegogsas hasihgen zone at
an outl et sidg}‘of the reaction Iayegis | owered than a tenperatuyre of .the
first reactiofigheetemperafurethandhegeaction temperajire Sl Ampassi-
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continuous regesl Fénuctidy 8aGthiay a ra@hawelyaraicsion.! now in 25 the techni cal
field concerned to enhance the yield of acrylic acid and | ower the product

cost therdéf. The procd¥isclisedrinblapamesaPatenttApplicationpbaiddAdpen No.

Laid-Open No. 53833803055 3 SNt b ESIb P R0 Ok Shust bHSSR ¥ the
purpose of elevating a conversion of acrolein and a selectivity of
acrylic acid. It is described therein that acrolein-containing gas is
pre-heated to a temperature which is higher by 0 to 20°C than an

15 inlet temperature of a reaction layer and then introduced into the

reaction layer. However, it is an essential requisite in this process
that a temperature of the second reaction zone at an outlet side of
the reaction layer is lowered than a temperature of the first reaction

zone at an inlet side and the reaction temperature is lowered by 5 to
20 40C.

[Problems to be Solved by the Invention]
With respect to a production of acrylic acid from acrolein,
it has been a continuous research subject for technicians still now in
25 the technical field concerned to enhance the yield of acrylic acid and
lower the product cost thereof. The process described in Japanese
Patent Application Laid-Open No. 229984/1993 described above is
not yet sufficiently satisfactory.
Thus, an object of the present invention is to provide an
30 improved process for producing acrylic acid from acrolein stably at a

high yield over an extended period of time.



Thus, an object of the present invention is to provide an 30 inproved
process for producing acrylic acid fromacrolein stably at a high yield
over an extended period of tine. 3 [Means for Solving the Problens] As
descri bed above, in the conventional procegs, the acrolein-containing gas
fed to the latter step has a | ower tenperature than the reaction

tenperature orpl ljon tem 5 perature at highest if
heat ed agai n bwg?ggﬁégﬁown%W?ﬁé@%é]e the catalyst in the vicinity of
a gas inlet in the cat ahySfescAibRid 496ve, 1aitheddnvirtiéhal gréddlsaythe

oxi dation function thereof. In other words, the above catal yst | ayer

fulfills a funatiodeimodytaning gastedttortdd kagter step haati logvathtegperature
the reaction t erature.,.lntensive inves-. 10 tigati ong,contipued, by the
present invent %ﬁgﬁrﬁécHPWB?%aWetqe‘Sélﬁﬂf@ i: 4 ggihﬁef\?@cp’é’%ﬁléd in
finding thag i ( |+ i LSh kbt i

| ayer at a %i géu%lfﬁﬁlghg%% re%tlﬂg%g%ﬁgagggé%) ?Oé\l%slélfergﬁeirn §? Ea?lg ﬂﬁ]@vﬁoﬁé
cat al yst | ayercatalgétl acthe elsinityi of 2 gdhsandet hetlye ehtialylst dayer doeaaiod from
acrolein is raised.and that_ 15 this . rise jn the yjeld of acrylic agid is
nore effecti véwf%%@%tﬁ splax ant9edatiog élﬁg’t% eraafr dnopthereWpEass i on

out et “oi de. i ABGPE BRI TAYeY, BEIC inblion diftyMe b ifteBEhthil laVer
process for SUMerédt@ﬂ§§hé%a€§ QpQo the ARitibrt fthpeafitred antichsivé shvésc 20

vapor phase oxi dation roduce acrylic acid, characterized by controlling
the reacti dd stigatienstdontinuedhiyrthepresendrinventorsmpaying attentzons o she

-}-% g: : ;j| S[ _el_{ re]r ;r][a hove inaT or illa eféskx(l%% i E"lln(aing that if acx((;ﬂair%%ontaining gas
is introduced into the catalyst layer at a higher temperature than
the reaction temperature, the whole catalyst layer is effectively
utilized and the yield of acrylic acid from acrolein is raised and that

15 this rise in the yield of acrylic acid is more effectively obtained by
controlling the temperature of the reaction layer so that it becomes
higher from the inlet side of the gas to the outlet side.

Thus, according to the present invention, provided is a
process for subjecting acrolein or acrolein-containing gas to catalytic

20 vapor phase oxidation to produce acrylic acid, characterized by
controlling the reaction so that the following equations (1) and (2)

are satisfied:

1C=T,-T, =15C D
25 T, <T, 2)

wherein T, represents a temperature of acrolein or the acrolein-con-
taining gas in an inlet of a catalyst layer; T | represents a tempera-
ture in an inlet part of the catalyst layer; and T, represents a tem-

30 perature in an outlet part of the catalyst layer.



wherein T[err] represents a tenperature of acrolein or the acrol ein-con-
taining gas in an inlet of a catalyst layer; T [err] represents a tenpera-
ture in an inlet part of the catalyst layer; and T[err] represents a tem
30 perature in an outlet part of the catalyst |ayer. 4 [ Enbodi nent of
the Invention] Either acrol ein obtained by organic synthesis or acrolein-

cont ai ni ng ga i.ned ubgectin ropyl ene to catal ytic vapor phase
oxidation in, f?ﬁ%@%ﬁﬁﬁ%ﬁ@lﬁﬁ‘-’%‘?‘éﬁ“ﬁ)eae; ion may be used for 5 a starting
material used in the pERfleeY abFbleit bBthinkdi By 8FEPhRI synfiditsid of RicPeledAs

i ncl udes gas obtained by adding thereto, if ‘necessary, oxygen (air), steam
and subst ant i edhieinieg gagabtaived by swhjecting pxopydene 4oicagalytiovapor and
then adding thereto o en (air), stegmand supstantially inert ga For
Lhe sake of cBAGSROSILEHOPGY faf BXREHIPNS Litp-Sthm Bracting BAy BRensathfor,
acrol ei n-cgnt gi i kg Ssfittin | oMy K -1 Shefh
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acr ol ei n- cont painiing ggasircludbs gaslobtadied by addialgytHerety cf ndceesasper at ure
(T) inthe inlet part _of the catalyst |a eI'r and 15 the tenperature

ayer .
(T[err]) in tasygeR ak)psteammantsubsiantjatly iager gasnadegas obtainashlits a
catalyst-filled |laver. andy 2 re ent s heat ansf er dihum surroundi ng
the catal yst - Fopeiithe 200l iR RRER A8 flod Horpq §Ry gon TRID, fiebith Ao
the catal yst taystarisllyifetr€BRE ot thd ddlte bf céfeRienct! tRaY are hdren-
catal yst layer 20 nean respectively the tenperatures of the heat transfer
medi a adj d6enaftev called géreripally asfroldin-amtainistg gay bo explairhthe presenpar t
of the catalyst lgyer. The inlet part of the catalyst |ayer and the outl et
part of the cHPU'AWKE?™ ayer nean respectively areas falling in a range

Fig. 1 is a schematic diagram for explaining the tempera-
ture (T,) of the acrolein-containing gas in the inlet of the catalyst
layer, the temperature (T,) in the inlet part of the catalyst layer and

15 the temperature (T,) in the outlet part of the catalyst layer, wherein
1 represents a catalyst-filled layer, and 2 represents a heat transfer
medium surrounding the catalyst-filled layer.

The temperature (T,) in the inlet part of the catalyst layer
and the temperature (T,) in the outlet part of the catalyst layer

20 mean respectively the temperatures of the heat transfer media
adjacent to the inlet part of the catalyst layer and the outlet part of
the catalyst layer. The inlet part of the catalyst layer and the outlet
part of the catalyst layer mean respectively areas falling in a range
of 200 mm from the inlet end of the catalyst layer and the outlet end

26 of the catalyst layer, and the temperatures of the heat transfer
media adjacent thereto mean the average temperatures of the heat
transfer media in these areas.

The present invention is characterized by that the temper-
ature (T,) of the acrolein-containing gas in the inlet of the catalyst

30 layer is elevated by 1 to 15°C, preferably 2 to 10°C higher than the
temperature (T, ) in the inlet part of the catalyst layer (T', - T, =1 to



af 200 mmfromthe inlet end of the catalyst |ayer and the outlet end 25

of the catalyst layer, and the tenperatures of the heat transfer nedia

adj acent thereto nean the average tenperatures of the heat transfer nedia
in these areas. The present invention is &haracterized by that the tenper-
ature (T[err]) of the acrolein-containing gas in the inlet of the catal yst
30 layer is e t r kgher than
t he tenperat u;lg%?ﬁzgerf?ﬁﬁ]iyhgg égl[(f%‘? ]gtﬁdpgﬁfgtg‘;@t %pggégf@ég{l@?%@ B Tlerr] -
Tlerr] = 1 tooutleb phrlef the€ catabfstriapby iRelavatod drigh€y, preferably 1fe
tenperature ( i layer | evat ed

I, h f th I [
hi gher, pref elgﬁ ﬁlght?bghg?lt Et‘@%é?ﬁ%rur% n%ﬁ%gt}{%l%ﬂ@? Pagt l‘j’%@ﬁe[(@tﬂ]) in
the inlet f t I T < T , f bly T
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1[err]C, the sufficienif'y hiDhiylavér thaRA Q| the atifficientiphightyabliedf and
if it exceeds égt[lgarr]_c,. the yrel d of acr_él‘l c acid is rather reduced.
Further, in taeryisacidiismoteobiaineds and[igif excaedssld ,-the wield pf mcyyligi el d
of acrylic acid,s n obt ai ned. ocess,for pro [ crylic id from
propyl ene ac- 24 lscr@?”heﬁg Cﬁat vﬁ‘-"gt[h@ﬁ’ %Pﬁ%&agﬁﬁgﬂ;sg ﬁsﬁ’lel %}l@lcf or ner
step in whichg kStASAH 9 ; 1 oxidation in the pres-
ence of an 02?1 g’?%%f%}gygfggst t(g%?)fracg%(%gelgggﬁo bgla??%%’nt ai ni ng gas, a cooling
step in which the acroAgrocessfar produging daylicracidtfirent progylesteepc-i s

guenched to prevent an after reacti'log of agrolein ﬁ;d ? latter 15 step in
whi ch t hel@crersiingdem kvarstgpgnethed somraaseusyallymiopmear stexinati on in

of such two- ST EXST RS FEHRCARL o FaBR BRI BE e bbb B o
the latter stemce6fahtixidation Ctalyssenprodi@natleirCeodtdindfig das, @arryi ng
out this two-step reaction shall not )
cooling step in which the acrolein-containing gas fed from the former
step is quenched to prevent an after reaction of acrolein and a latter
15 step in which the acrolein-containing gas is subjected to vapor phase
oxidation in the presence of an oxidation catalyst to obtain acrylic
acid. In the case of such two-step reaction method, T, T, and T, are
controlled in the latter step according to the present invention.
Conditions in carrying out this two-step reaction shall not
20 specifically be restricted, and the reaction can be carried out accord-
ing to conditions usually used. A shell and tube type fixed bed
reactor is usually used for the reactor. In addition thereto, a fixed
bed reactor such as a plate heat transfer type reactor can be used as
well. Carbon steel and stainless steel which are usually used can be
25 used for a material of the reactor.

One specific example of the oxidation catalyst used in the

former step includes a catalyst represented by the following formula

(1):

30 Mo, Bi, Fe A, B, C;D, O, @)



20 specifically be restricted, and the reaction can be carried out accord-
ing to conditions usually used. A shell and tube type fixed bed reactor is

usually used for the reactor. In addition thereto, a fixed bed reactor such
as a plate heat transfer type reactor can ¢e used as well. Carbon steel and
stainl ess steel which are usually used can be 25 wused for a material of

t he reactor. Ik, I qgt.l dgi.n the
former step i %ﬁ%gwggcanéﬁwsﬁg%;%é%%’g? xh%geggﬁtlﬁo%‘m&trn%ﬂ?%’r%l a (1):
30 MyprddentsecorydA Beprbsdits(t least ohk)elemeénielectad omepr esent s

nol ybdenumy Bi represents hisnuth; Fe represents iron; A represents at
| east one el efehaltandvickel; Borenxsisents ahdeastcone elamenpselastied from east

one el enent selegted from alkaline t al | kal [+ne.earth netal and fhalium
S Fepr osent s aaine REa, B 2a TR Mot 217 HRUERGC B Ereiicat

al um num i r krst Wb e RAeht Sl fldrh IRSESH SsificohSaPinAANe) £iFeS!

sel ected from phosphorus, tellurium antinony, tin, cerium |ead, niobium
manga- nese, arsmnanddihmiume; Dorepepsestnat leasigme clemientieelested fa@n b i s

0.1 to 10; cis, 0.1 to 20; .s 2 tg.20; e,is 0.001 to 10;.f.is O to 30; ¢
is 0 10 to 4 PhAP oxgs,at%ﬂxraanﬁ&rb@mwd g, qqxéu%(ﬁa%%a BiPyRY madiga-of

the respectiv her I £l a t t step
cat al yst usedﬁ?§ ’ﬁ%&?‘z‘f‘tagllrais ebOl %%%gg‘%g%g?gﬁyg?@ég%&%ﬁ% gg’ E’;e/l%t he
fol low ing fOrintd 20f @)is 016t rd 1sV2 ¢o 1F0Akeisr(). 8D rio] 10;ef 5] Dte 130, @ &y 0]
(2) wherein M represents mpl ybdenum, V represents vanadi um. A
10 to 4; and x is a value determined by the oxidation conditions of the
respective elements.
Further, one specific example of the latter step catalyst
used in the latter step includes a catalyst represented by the follow-
ing formula (2):
15

Mo, V, A, B, C,D,0, @)

wherein Mo represents molybdenum; V represents vanadium; A
represents at least one element selected from copper, cobalt, bismuth

20 and iron; B represents at least one element selected from antimony,
tungsten and niobium; C represents at least one element selected
from silicon, aluminum, zirconium and titanium; D represents at
least one element selected from alkaline metal, alkaline earth metal,
thalium, phosphorus, tellurium, tin, cerium, lead, manganese and

256 zinc; O represents oxygen; and when ais 12, bis 0.1 to 10; cis 0.1 to
20; d is 0.1 to 20; e is 0.001 to 10; fis O to 30; and x is a value deter-
mined by the oxidation conditions of the respective elements.

In general, the acrolein-containing gas coming from the

former step has a temperature of 300°C or higher and therefore is

30 wusually quenched to 200 to 250°C in the cooling step in order to

prevent an after-oxidation of acrolein. Subsequently, an oxidation



represents at |east one el enent selected from copper, cobalt, bisnmuth 20
and iron; B represents at | east one el enent selected from anti nony,
tungsten and ni obium C represents at | east one el enment selected from
silicon, alum num zirconiumand titanium?7D represents at |east one

el enment selected fromal kaline nmetal, alkaline earth nmetal, thalium

phosphor us, t Bbhgtié iy chifled i ﬁémaugfa(é a [EHIGRPRAR 00288 toZITC,

represents oxygen, als 12 to 10; cis 0.1to 20; dis
0.1to 20; e the(batt@tsttep.lo f is 0 to 30; and X is a value deter- mned by

acr ol 61 n-contal i no. gad BHHA IoF GRPERRING the FrmearaE ] ehpbthe ure o
300Lerr1C of BLaeln ARk ARE Sl Ol dsnahadyer Ai0he

250[err]Cin e coolTng 0 preven

acrol ei n. gubssmperatyre €D, )Diﬁ dhéuﬁhat part ofehetdatalyst lagerited QUL usual |y
at a tenperature of 25 err]CJin the latter step. A nethod for

0
control ling tWg 't@ripérl@c;@,epl( erably) 3 Cors {The- & & 106 vobbhailattes 48P in the

| f th h h |
art of the coRaiAQ mefReely el ki B Erbploel 18Fer ) ¢
preferably 2[ Sf(é.ingl@r (1) d beétHod in'iafith th@ridroﬂéaheédﬂtglhfhé Eﬁs iateRtedt ep

shal | not specifically 'be restricted. There can be enpl Oﬁ for exanpl e,
(1) a nethod agairhbytususdlpesetgreheating npagaigas sushhamhedt agahangxe

| d heat i t h h t hod
whi ch { he l0egl e oWt g Rbibe e iwxc EBRcpornectepia: o,
cont rol | ed soo4el a3t I%Scc{}&%oﬂgals%ct}fﬁ Qe 1A EB&’édtﬂ:%m( B ehi

acrol ei n- contalnlng ga again e nanner as
can reduce enghg@ythestlie aaﬂol(eaﬂ conbt@irling gas ishedted againhfathegamans is

provided to h&z{atmzlaégragg 1;[1h(§) E(iigﬂlglc%}lnz-'educe energy loss) and (3) a method in
which a new heating means is provided to heat again the acrolein-
15 containing gas.

Further, a method for controlling the temperature (T ,) in
the inlet part of the catalyst layer and the temperature (T ,) in the
outlet part of the catalyst layer to T, <T,, preferably 1°C = T, - T,
=< 10°C shall not specifically be restricted as well and includes

20 various methods. There can suitably be selected, for example, (1) a
method in which a circulating amount of molten salt as a heat
transfer medium is varied, (2) a method in which the circulating
amount is varied by taking out a heat transfer medium in the middle
and (3) a method in which a heat transfer medium is introduced from

25 the inlet part of the catalyst layer and taken out from the outlet part.

According to the present invention, the whole catalyst
layer can effectively be used, and therefore the sufficiently high yield
of acrylic acid can be obtained even if the temperature (T ,) in the
inlet part of the catalyst layer is set lower, for example, by 1 to 10°C

30 as compared with those of conventional methods. This can reduce

heating energy required for heating again the acrolein-containing



15 containing gas. Further, a nethod for controlling the tenperature
(T[err]) in the inlet part of the catalyst |layer and the tenperature (T
[err]) in the outlet part of the catalyst layer to T[err] < T[err],
preferably 1[err]C [err] T[err] - T[err] [&rr] 10[err]C shall not
specifically be restricted as well and includes 20 various nethods. There
can suitably sel ected, for exanple, (1) a nethod in which a circulating
anount of nolfen’ salt as a heat transfer mediumis varied, (2) a nmethod in
which the circul ati ng Shwpredentvinvieadidiyhagbees explatnddbasedaistles medi um
in the mddle and (3) a nethod in which a heat transfer nedirn1is

i ntroduced fr &wossteprkeackian mebhodgbut thenesent invenypnshall mesbeout from
th tlet t ' t ] t] th | | t
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part of the catalyst layer is set l'ower, for exanple, by 1 10[err] C 30
as conpar ed wobtairingemainlyoacraleimobyla eatalytic vaplor phase oxidatiomefit i ng

energy required f heati n ain the.acrol ei n-contaj,nin 8 gas..The
oresent | nvenPFORVIRE SRR S GAR AUARIEIERR APA LakeE AUpP TeetiodfoFet hod,
but the prese | ; t4 : : | : ent

i nvention canaggélg%ggidecgg}gg% Ib%f% cgeﬁs’gﬁ)‘?ﬁg{%ﬁ%&%‘?ggg(gast@%%fg%@l ic acid
in which a fole®rcaitefiningghseref@rridd autima singhd yeaetoe! dnntlog ause,

catal ytic vapor phase oxi dation of  propyl ene or pyopyl ene-containi ng _gas
and a | at t18r @@s?iaeéﬁs;pf the pyesent irvaHion cap be OE&alaled)%:a centegliingctRepor

Peactor 1t ieBerBEfe ¢t o) Br R0 bRt el i i i the st b0 ©
obtai ned by cegfdlght 14ger RBe temperature (T,) in the inlet part of the catalyst
layer and the temperature (T ,) in the outlet part of the catalyst layer

in the latter step reaction in the manner described above.

15
[Effects of the invention]

According to the present invention as described above,
acrylic acid can be produced stably at a high yield over a long period
of time as shown in the following examples.

20

[Examples]

The present invention shall more specifically be explained
below with reference to examples. A propylene conversion, an
acrolein yield and an acrylic acid yield were determined according to

25 following equations:

propylene conversion (mol %) =
(number of mols of propylene reacted) / (number of mols of
propylene fed) X 100



terrperature (T[err]) of the acrolein-containing gas in the inlet of the
catal yst layer, the tenperature (T [err]) in the inlet part of the catalyst
| ayer and the tenperature (T2) in the outlet part of the catalyst layer in
the latter step reaction in the manner desgyibed above. 15 [Effects of the
I nvention] According to the present invention as described above, acrylic

acid can be produ . ab). ) yield over a long period of tinme as
- SRRt et % o

shown in the foll TExanpl es] The present invention shall
more speci fically be(gyaiberstmipds Bf"a‘éi'dlani predseED ﬁ@uﬁﬁﬁ@?'o&'iﬁloﬁs of
propyl ene conversion, an acrolein yield and an acrylic acid yield were
det erm ned accordi ngpropjzbnfedfeldbv%nw&quat I ons: propyl ene conversion (nol
% = (nunber of nols of propyl ene reacted) [/ (nunmber of nols of propyl ene
fed) X 100 9 acrolein yield (nol % (nunber of nols of acrolein

pr oduced) /g(nunb%ﬁglfér O#&xﬁldp@?wi/ ne fed) X 100 5 acrylic acid

yield (nol yI|c acid produced) / (nunber of nols

of propyl ene f ed) X (Dombreepafrabloof Bzeyiid acill pfodwed)/dpambénof aiols of

catal yst for forner step reac n Amoni um nol ybdate 1062 and anmoni um
par a- y prolg)ylene ftedg X100 y J

Preparation Example 1

10 (a) Preparation of catalyst for former step reaction
Ammonium molybdate 1062 g and ammonium para-

tungstate 270 g were dissolved in 1500 ml of distilled water while
stirring under heating (a resulting solution is called a solution I).
Separately, a solution obtained by dissolving 700 g of cobalt nitrate

15 in 200 ml of distilled water, a solution obtained by dissolving 243 g of
ferric nitrate in 200 ml of distilled water and a solution obtained by
dissolving 292 g of bismuth nitrate in 300 ml of distilled water to
which 60 ml of conc. nitric acid was added to acidity were mixed to
prepare a nitrate solution (this is called a solution II). The solution

20 II was dropwise added to the solution I, and then a solution obtained
by dissolving 1.68 g of potassium hydroxide in 150 ml of distilled
water and 226 g of a 20 % silica sol solution were added thereto. A
suspension thus obtained was stirred while heating to be evaporated
and dried, and then the residue was molded into pellets having a

25 diameter of 5 mm. The pellets were baked under a flow of air at a
maximum temperature of 450°C for 6 hours to thereby obtain a
catalyst for a former step reaction. This catalyst for a former step

reaction had the following composition ratio excluding oxygen:

30 Co,gFe; ;Bi; , W, (Mo, Si, (K o6



tungstate 270 g were dissolved in 1500 ml of distilled water while stirring
under heating (a resulting solutionis called a solution |I). Separately, a
sol ution obtained by dissolving 700 g of cobalt nitrate 15 in 200 m of

distilled water, a solution obtained by digsolving 243 g of ferric nitrate
in 200 M of distilled water and a sol ution obtained by dissolving 292 g of
bi smut h nitratmgyi - of @l St i Loh 60 M of conc. nitric
aci d was addeoml)olParcéggf%m\?\le?e %&%@ﬁ%&?ﬁaﬁp?&% roa e solution (this is

called a solution Il). Ahansaliwin molgbdale 1034 ¢ aphirmitddparhtuhBstate
solution I, and then a solution obtained by dissolving_1.68 %J of potassium

hydr oxi de i n 13283 giand ameonineymeteyanadate 284 srerg digsolve in:3896|m1
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of air at a maxi mumtenperature o O[err]C for 6 hours to thereby obtain
a catal yst for3&gfofrtatanisme pxidasdrerputthite tdas abljutiondo therebymbtaira

reaction had the follow ng conposi.tjon rati,q exgcl uding .oxygen. 3

Co[ er r] Fe[ er r |SHSPENSIQR rAW@?]}%ﬁh@ﬁﬂ%ﬁﬁ?]sﬁﬁcaf@u%ﬁpaﬁg%wragpeﬂ Bl
catal yst for | el ek ' i anl.y. e, |

par atungstate}%‘}éﬁé %h%ggl%%ﬁ%%@ﬁe avggggga'%lfgg& té“ %é%ﬁg%ggg%ﬁvge)gk#%no 000
m of distilledmb or lebs asadded ng thixlsuspensiongand t piikburekizi ned 5

by dissolving 231 g of copper. nitrate in 500 M of distilled water and 38 g
of titani ull oxevePorated dried while sforming owhegebydhesatabysdi gpmpo-

S particl o di ANGLE WerS yubpBifd A theTaun il TIHEH R, GRs Hlled B Na T O
or less was aggéhl #trhbsphérs BeADOND. forBheis (0 thersbyabtain a catalyst

for a latter step reaction. This catalyst for a latter step reaction had

the following composition ratio excluding oxygen:

15
Mo, V, W, 5 Cu, Ti,
Example 1
(a) Former step reaction
20 A stainless steel-made reaction tube having an inner

diameter of 25 mm and a length of 4200 mm which was dipped in a
molten salt bath held at substantially even temperature was charged
with the catalyst for a former reaction obtained in the preparation
example so that the layer length was 3000 mm. A reaction gas

25 comprising 6 vol % of propylene, 60 vol % of air and the balance of
steam was fed into this reaction tube at a space velocity of 2000 (Vhr)
to carry out the reaction at a salt bath temperature of 325°C. In this
case, the gas had a temperature of 332°C in the outlet of the reaction
tube, and the following results were obtained:

30 Propylene conversion rate : 95.8 mol %

Acrolein yield : 78.5 mol %



10 evaporated and dried while stirring, whereby the catal yst conpo- nents
were supported on the carrier. Then, it was baked under an aeri al

at nrosphere at 400[err]C for 6 hours to thereby obtain a catalyst for a

| atter step reaction. This catalyst for a haltter step reaction had the
foll ow ng conposition ratio excluding oxygen:

Mo[err]V[err]Werr]Cu[e err nmple 1 (a) tep reaction 20

A stainl ess steel -made A%’la)gfé ‘iﬁaghaw ng an FE%F‘% dmeter of 25 nmm and
a length of 4200 mm whi ch was dipped in a nolten salt bath held at
substantially even tenperature was charged with the catalyst for a forner

reaction obt ai(bed Liattehetey epactibnon exanpl e so that the layer Iength was

3000 mMm A reaction gas,25 ,conprising 6 vol % of propylene, 60 vol % of
air and the bal ance of Awtainless SP%@W¥%C§1%B’&%¢ VIR AHINAEE pace

vel ocity of 20 r

t enper at ur e of ?é%r r‘%f(,éé)fﬁ&[ %%{g%ggaée&%téf ﬁﬂmgévgﬁ‘f‘}z%pée? tai?éﬁed or 2
332[err] C in tdiecdathble fioltére sﬁhﬁb&t}pwsb@eargmdwﬁmuﬁ@lchmwg fopaul ts
wer e obtai ned: 30 Propyl ene conversion rate: 95.8 nol % Acrol ein

yi el d lattzg. Eantiom/@btalxmdmr the prapalcatym lexample so thkagthelayex b)

G ameter of 230t Beas SODRGERRS TS S5 e R ol HhghSraer Step
circulatabl e %h&%xﬁ&éém@ﬁé@ aliovehas 36d, éMtéP cb@l%dc%@hyﬁ} a b%s@mb@&t er

reaction obtained in the preparation exanple so that the |ayér
10 temperature (T ), into this reaction tube at a space velocity of 2000

(Uhr) to carry out the reaction. The gas temperature (T ) in the inlet
of the catalyst layer, the temperature (T ,) in the inlet part of the
catalyst layer and the temperature (T ,) in the outlet part of the
catalyst layer were controlled to values shown in Table 1 in carrying
15 out the reaction. The overall results of the former step reaction and
the latter step reaction are shown in Table 1. The temperature T,
was controlled by varying the circulating amount of the molten salt.

Examples 2105

The same procedure as in Example 1 was repeated to
20 carry out the reaction, except that the gas temperature (T ;) in the
inlet of the catalyst layer, the temperature (T ;) in the inlet part of
the catalyst layer and the temperature (T ,) in the outlet part of the
catalyst layer were controlled to values shown in Table 1 to carry out
the latter step reaction. The overall results of the former step reac-

25 tion and the latter step reaction are shown in Table 1.



l ength was 3000 mm The gas m xture obtained in the forner step reaction
descri bed above was fed, after cooled down to a prescribed 10 tenperature

(T[err]), into this reaction tube at a space velocity of 2000 (1/hr) to
carry out the reaction. The gas tenperaturg, (T 0) in the inlet of the
catal yst layer, the tenperature (T [err]) 1n the inlet part of the catal yst

| ayer and the tenperature (T[err]) in tﬁebciutlet part of the catalyst |ayer
were controlled to val ues shown in Tabl e #Pf carryl ng 15 out the

reaction. The overall results of the fornmer step reaction and the latter

step reaction 3 in Table 1. The te Ipraturp T2 was contralled hy
varyi gg the ci ;cul ating zir;i\%;nt ét ﬂedqgl t E%ms@% m émz li‘ghe sane
procedure as i a s |repkatled "o arr é re

except that the Eg%gggmeratur T erg)) ‘?911‘4%'5* ptYI61% t he |85 3‘/%11‘1

| ayer, the tengerature rr]X Dn It e(mQ %) of ¢mel ¥t 4l Q@Dll‘yal/e
and the terrperqture CIrerr N _the |ouf T et] parf of the catalys er vere
controll ed 80 Ealu s sh v@% T&6Be |1 arrﬁﬁoﬁt the |t er steﬁg
reaction. The qverg | res € reag tiorn a

| atter step FEcCtl?h ar e gk@wr ?lf?%T %gélm b?rz)zTab Zé’g[err Igbf?[err]
T[err] Propyl ¢ne FAcr o] epp5Adr Pis4c IEgel e 96.1 @siger §i on
pets o0l T TR 1 ssd™ o) sb™ ]
266 96. 2 0.8 8 j 7 ; P66 SJ6. ‘ 0.2
88.2 4 275 |_od> beR75 1 23 | 268 Ty $84  Fo 02 2883 s
268 980 2 0.2 88.3

Comparative Examples 1 to 4

The same procedure as in Example 1 was repeated to

carry out the reaction, except that the gas temperature (T ;) in the

16

inlet of the catalyst layer, the temperature (T ,) in the inlet part of

the catalyst layer and the temperature (T ,) in the outlet part of the

catalyst layer were controlled to values shown in Table 2 to carry out

the latter step reaction. The overall results of the former step reac-

tion and the latter step reaction are shown in Table 2.

20

25

Table 2

Compara- | T, T, T, {Propylene |Acrolein |Acrylic
tive Ex- conversion |yield acid yield
ample © | (C) | (O (mol %) | (mol %) | (mol %)

1 283 | 263 | 265 96.2 0.1 85.0

2 265 | 265 | 265 96.1 1.6 86.0

3 265 265 278 96.3 0.5 85.6

4 274 265 260 96.0 1.4 86.6




10 Conparative Exanples 1 to 4 The sane procedure as in Exanple 1 was
repeated to carry out the reaction, except that the gas tenperature
(T[err]) in the 15 inlet of the catalyst |layer, the tenperature (T [err])
in the inlet part of the catalyst |ayer ang the tenperature (T[err]) in the
outlet part of the catalyst |layer were controlled to values shown in Table

Step reac. tion and {hBSANER iy TEaRTe O Gr & CoRBN O ThraSRR it 45 o o
2 Conpar a- Tbﬁﬁimratﬁé@idmgle@ [l%ré IP&QEBHe%%n%FﬁQJxﬁ' ReAWsulits tive Ex-
conversion yield acid ([err] Q) ([err]O) (O

(mol %  (nol shpwn m)ﬂ‘ah)le P that wh&ﬁ theZﬁ@ctuﬁﬁfs not coftratled so that the

E23§80 2 96. gggndlt%%? of ’12655% g lyto 1% C Qs;go% satisfied; gbe acryhg@cg YIEI(E

86. 6 13 Thfsy%{éues of T[err] - T[err] are 20[err]C, O[err]C and O[err]C
respectively iIn nparative Exanples 1 to 3. It can be found fromthe
results shown in TablEuEthéra&hMmiubb@fﬂé%‘:om +5°Coh Comparhtied so t hat

acryl Lo acid Bl it Ttoan Prfawed frome [ermﬁt%éh$&§$%amed¢ the
Tabl e 2 that PREcabrbF SRR del i PRe dEr ST o hion e 1

condi tion of TreerT < T[err]
10 Example 6
In Example 1, the gas temperature (T ,) in the inlet of the

catalyst layer, the temperature (T, ) in the inlet part of the catalyst
layer and the temperature (T,) in the outlet part of the catalyst layer
were controlled to values shown in Table 3 to continue the oxidation

15 reaction for 12000 hours. The overall results of the former step
reaction and the latter step reaction are shown in Table 3.

Comparative Example 5

In Comparative Example 1, the gas temperature (T ;) in the
inlet of the catalyst layer, the temperature (T ) in the inlet part of
20 the catalyst layer and the temperature (T ;) in the outlet part of the
catalyst layer were controlled to values shown in Table 3 to continue
the oxidation reaction for 4000 hours. The overall results of the
former step reaction and the latter step reaction are shown in Table
3.



10 Exanple 6 In Exanple 1, the gas tenperature (T [err]) in the inlet of
the catal yst layer, the tenperature (T [err]) in the inlet part of the
catal yst layer and the tenperature (T[err]) in the outlet part of the
catal yst layer were controlled to values ghown in Table 3 to continue the
oxi dation 15 reaction for 12000 hours. The overall results of the forner
step reaction and the latter step react{rgg f5e shown in Table 3.
Conparative Exanple 5 In Conparative Exarrp}e 1, the gas tenperature

(T[err]) in the inlet of the catalyst |ayer, the tenperature (T [err]) in

the inlet parﬁ—e-f—-zg—t—he— Ay q the
outlet part off the cat al% VeI qor.r difir8plylefieV PA&1@%ifN bl e
3 to continue t@x%%)@ti i gn for| 4dod cHRWSion! s of
the fornmer ste¢p reaction e 3.

ey e i

nogs i 9g5 i el 960 afi doyi el P Tagm

14 Table 3 Regc-—Tlerr]
Exanpl e  ti50n |Example 6

([err]C ([eqr]C ~ ([err 9 (ol % nol % 5 Expnpl e 6 A
273 263 265 96.0 . /%68q8.2'a05 8 2?58 0470 8% 32
0.4 88. 3j{Conpar at i vig A | 283| 263 | 265 96. 2 0} 1 g5.0
Exanpl e 5 JZCom%&&ati% A7( 283 96263 | 265 96.2 86.14 1D A85.0

Begi nni f j B: | Af 120Q0 C| Aft 40p0 h
egi nni nglg | ER&Hipdé 5 éer 2§Lr§70 9&5 1%urs

A: Beginning of reaction
B: After 12000 hours
C: After 4000 hours
16
It can be found from the results shown in Table 3 that
when the reaction is controlled so that the conditions of T, - T, =1 to
15°C and T, < T, are satisfied (Example 6), acrylic acid can stably be
produced at a high yield over a long period of time as compared with
20 the case in which the reaction is not controlled in such manner

(Comparative Example 5).



15 It can be found fromthe results shown in Table 3 that when the reaction

is contro conditions of T[err] - T[err] =1 to 15[err]C and
Tlerr] < mﬁmﬂmu“ﬁmw‘"ll ed (Exanple 6), acrylic acid can stably be
produced at a®hi'gh %i & d*over a | ong peri?g of tinme as conpared with 20 the
case in which the reaction is not controlléd in such manner (Conparative
Exanpl e 5). 15 dains: 1. A process for subjecting acrolein or

acrol ei n-cont@ﬁﬁ%@f gas to catal ytic vapor phase oxidation to produce

acrylic acid,qcharac- | | § 1108, < .1 he

foll ow ng equ%fti ons (1 eé{%%ﬁﬁé{%ggﬂéeﬁgﬁdg ?grdﬂ&% éf??#l{é@rl Wgrﬁ?]]ngh
Tlerr] [err] €6 chfalytic vapor phakéd bxId£tioh t6 phlodfuck acrylic acid, charac- (2)
wherein T[err] represents a It,e erature of acrolein or tl,’FYe acr ol ei n- con-

tai ni ng gas iterized byelomroléir@nfb@ yeaction ep; that[tder follosyingsequaatiansdidper a-

ture in an inlet rt of .t atal yst layer; and T[err] represents a tem
perature in aﬂngégfélfeﬁﬂ{srf‘fﬂdc't he catal yst |ayer. 2. The process as

described in claiml1l, wherein the reaction is controlled so that the
foll owi ng equati ons (1)°and'I(2) are satisfied: 2[err](Jerr]T[err]
-T[err][err] 10[err]CIC =T,-T, =161} 1[err]C [erf}) Tlerr]- Tlerr] [err]

10C (2) T, <T, @

wherein T, represents a temperature of acrolein or the acrolein-con-
taining gas in an inlet of a catalyst layer; T , represents a tempera-
ture in an inlet part of the catalyst layer; and T, represents a tem-
perature in an outlet part of the catalyst layer.

2. The process as described in claim 1, wherein the reaction

is controlled so that the following equations (1) and (2) are satisfied:

1)

2°C 10°C
1C 10°C 2

IA - IIA

To'T1
T2—T1

A IA



