METHOD FOR PRODUCTI ON OF ACROLEI N AND ACRYLI C ACI D

BACKGROUND OF THE | NVENTI ON Field of the Invention: 5 Thi s

i nvention relates to a nmethod for the production of acrolein and
acrytic acid. Mre particularly, in the production of acrolein and
acrylic acid by the catalytic gas phase oxidation of propylene with a
nol ecul ar oxygen- containing gas, thle present invention relates to a
met hod 10 for enabling acrolein and acrylic acid to be stably produced

with a high yield f I ine while effectively repressin t he
formation of such #%@d%@gE’@DVQWQHngI ﬁgﬁ%’éy?{ AND A%‘G%ﬁql'@ aci ds,
hi gh boiling conpounds, and tarry subst ances wi thout inpairing the

performance of a catalyst. 15 Description of the Related Art: _
The practice of produci ng acr OPRFKCRMINILQOE/ITHE JAVENBYON  the catal ytic

as phase oxi datds@3 40t £P y &R, a nol ecul ar oxygen-contai ni ng gas
igs w del y prevaildll?yri}gcg1 (t)’r? gﬁg &ﬁggﬁ’r{ér%(tr’%l al scale. Generally, the production

of acrylic aBid 20 Mhisfirvertidy reliatessteopa rxwmh ddfowhthé mmgu ddtfigm a
f or mer step Qf Gi.n craolein mainly by the s, phase oxi dation

of propyl ene wi 0% ggrﬁ%ﬂ'géﬂl gp&o%ﬁgh}goﬁf’épm n%oﬁ%tsp%%“‘ﬁl arl¥iratiferthg ep
of further oxidipziodgcthenrefatirolegasamdataylistcid by itherehphey it harLby

roducing acrylic acid. 25 At the forner step for _oxidizing propyl ene
\F/)vi th a nol eé’%‘la'éf‘" SXAFAFI0Mt f nPKgPYasnendidhera Hodpgulasa@Xysen-

occurs to produgenadanhg e&ég%ﬁ&%&%&@rﬁ%ggbhcré dfles to ﬁ%e%'o%i c

acid, high boiling conpounds, and tarry conpounds esl des e maln
reacti on whi®h pp&eraling arspheinand aoryléeuaid todeesbgbly grhodused

contam nate tneyteqet hoon JRRIEFdia 1ong™tihe bl 78 PELLRTR1GTop ARRY e

reaction apparatus fro
the formation of such by-products as various aldehydes,

carboxylic acids, high boiling compounds, and tarry
substances without impairing the performance of a catalyst.l

15 Description of the Related Art:

The practice of producing acrolein and acrylic acid by
the catalytic gas phase oxidation of propylene with a
molecular oxygen-containing gas is widely prevailing on a
commercial scale. Generally, the production of acrylic acid

20 is effected by a two-step reaction which comprises a former
step of producing acrolein mainly by the gas phase oxidation
of propylene with a molecular oxygen-containing gas and a
latter step of further oxidizing the reaction gas containing
the acrolein thereby producing acrylic acid.

25 At the former step for oxidizing propylene with a
molecular oxygen-containing gas, however, a side reaction
occurs to produce organic acids such as terephthalic acid
and maleic acid, high boiling compounds, and tarry compounds
besides the main reaction which produces acrolein. As a

30 result, theseby-products contaminate the reaction apparatus
and, in an extreme case, prevent the reaction apparatus from

being normally operated because they form deposits such as
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bei ng normal | y operated because they form deposits such as

2 . carboni zed materials, aggravate pressure drop, and plug pi pes
or degrades the quality of product. If the reaction apparatus is
provided with purification neans for the renoval of these by-products,
the provision will entail such problens 5 as increasing the cost of

equi pnent, boosting the cost of producti on. Further, acrolein and

ot her highly reactive conpounds give rise to after reaction.

Heretof ore, for e SSj e Sj - .reactions, .such
neasures as sudd%%%/&g%%?? ﬁ%%%%l%{ﬂ e%ggﬁés‘p% é}fg%s‘}%eac?’r'%' vaBdeP1BE the
former step therpbyes epr degrades thetdquaXityratf prodiicsi darff ehet reAst96n
retaining the tenperature,. qf, t.,he, qQutl et ﬁgs of the reactor above a
fixed Ievel thergﬁ?ﬂr""t‘ls 8 provdded RYRiSHF 3o meanrs fordhe removal
appar atus due t oof theskhy-gadaucts)H pRbIs on Wil HRERQ U y
conpounds 15 _have ,beenmr?e.sorted tg (aspdi sclosed in US A—3,876,ﬁgg%,iél¥l%r
exanple). 2 as ingraasifighiheeS§oshonfvedquiprenissihonss ingethel cdsticts
adapt ed excl usi gk iddqei r p ' . S jon of a
| ar ge anount of %lec}%{/&faor? Cco0 mgﬂgg{' %%gtgll%gﬂzgﬂagdnédl ecrorllls%gglggnggg& Ve
economi cal |y di seemponndseqlivebedsesto after reaction.

of ani nevi t abl eaddi ti Qut.ot st of.producti on. Besi des, ., they are .

deficient in effect.%&g??’%ﬁ’y,fgfhgbjea?‘ér eo W&ﬁ?éngstgﬁ??ysme

ef fective regar diesgttivmsGosteninedsuresdhs sudddtelyippal ahyscivé bltekgagis
25 _and tarry conpounds, the deposition of

aci ds, high_hoil iiggscon'gounds, (
carboni zed rrét erfasred Fl‘éﬂd"??ﬁe]d&fefipﬁpﬁ?%ﬂrcﬁtqméhﬁﬁﬁbl’t?e@?eﬁﬁmm.
As concerns the yiRckapmht don ot @ia@%hb%&oas%wgetgﬁﬁin tiStARSLr Ay
material gas, a nethod for limting the anount 0 o?ganl o nmpounas

such as organi c Yciths eslefegasprbpdeeteactor above a fixed level thereby
repressing the contamination of a reaction apparatus due to

the deposition of high boiling compounds and tarry compounds
15 have been resorted to (as disclosed in US-A-3,876,693, for
example).

These measures, however, necessitate special devices
adapted exclusively for their own purposes and entail
consumption of a large amount of energy for cooling or heating

20 and consequently prove economically disadvantageous because
of an inevitable addition to the cost of production. Besides,
they are deficient in effect. Especially, they are not
ratable as fully effective regarding the contamination of
the apparatus with organic acids, high boiling compounds,

25 and tarry compounds, the deposition of carbonized materials,
and the deterioration of the quality of product.

As concerns the reclamation of a reaction product gas
as part of a material gas, a method for limiting the amount
of organic compounds such as organic acids has been proposed

30 (as disclosed in US-A-1,147,885, for example). This patent
application, however, has absolutely no mention of the

quality of the raw material propylene gas.



30 (as disclosed in US-A-1,147,885, for exanple). This patent

appli-cation, however, has absolutely no nention of the quality of the
raw nmat eri al propyl ene gas. 3

It is an object of this invention, therefore, to provide in the
production of acrolein and acrylic acid by the catal ytic gas phase
oxi dati on of propylene with a nol ecul ar oxygen-contai ni ng gas, a

nmet hod whi ch enabl es acrolein and 5 acrylic acid to be stably produced
with a high yield for,a. ong, ti frompr | ene by effectively,
repressi ng such side 1€is af’e%%i’?‘gﬁgfggmeﬁ é“?’ggggﬁgf l’fl?‘gr\f,’gf’r?hé:q BFﬂ%Hi%n of
or gani c aci s, thegiprbdubtiignc @ oafisleaNdahdr b¥rg2iBOURds, Hy'ethe

deposition of car borﬂ zed materials, and the deterioration 10 of the quality
of products. catalytim,gasipRass cFddation ¢f propyleneiwith gcmoleselann

for the pr erieditadnin §ad¢! 4 Mt HoRewh RER! Mdi1 228 cRBRESn and
ol ng gas, 15

oxi dation of propylene with a ecul ar oxygen-cont al ni

directed at ProAHHg % agddhte berstakily preduced withta mighsyieldr farlang
time producin i ' lene with a high vield and
conseguent ly gr gﬁffg %ﬂerﬂlog!cgfl{’é gi% &8 Yﬁ%ff%%‘f’eﬁ?%?ﬂrﬁsﬁgﬁ?ﬁngl%ll
effectively reutssgisngssark sesponeiisle ofor ahearernatRonssbl erddnid he
formati on of orqgg%éiaghgjg hi.gh boiling copmpounds, and tarry 20 conpounds,
the deposition 0 b SHi% e PHIAT WP HARd  tafdite FARRAYNSS ofthere
qual ity of produldgosition of carbonized mateXdMYARYa6H €555&£%§?93£2%ion
obl'e

We have performed a study with a viewto solving the 25 pr ne
encount er ediPn e theoguadisy of pEePdrets. and acrylic acid by the

catalytic gas phase @gidaihPdnfion, in a process of two-step reaction for
the production of acrylic acid by the catalytic gas phase

oxidation of propylene with a molecular oxygen-containing

gas, is directed at providing a method for stably and

15 continuously for a long time producing acrolein mainly from
propylene with a high yield and consequently producing .

acrylic acid ultimately with a high yield by effectively

repressing such side reactions as are responsible for the

formation of organic acids, high boiling compounds, and tarry

20 compounds, the deposition of carbonized materials, and the

deterioration of the quality of products.

SUMMARY OF THE INVENTION

We have performed a study with a view to solving the

25 problems encountered in the production of acrolein and

acrylic acid by the catalytic gas phase oxidation of

propylene with a molecular oxygen-containing gas as

described above and, as a result, have acquired the following
knowledge.

30 '(1) The organic acids, high boiling compounds, and

tarry compounds are formed by the side reactions

irrespectively of differences in reaction conditions,



propyl ene with a nol ecul ar oxygen-contai ning gas as descri bed above
and, .as a result, have acquired the follow ng know edge. 30 (D
The organic acids, high boiling conmpounds, and tarry conpounds are
formed by the side reactions irrespectively of differences in reaction
condi ti ons, 4 activity of
catal yst, or selectivity of the f or mat i on4of acrol ein. (2)
Wi |l e these by-products occur only in extrenely smal | amounts as
conpared with acrole and acr I|c acid 5_ whi,ch are Ln products, they
forma serious Q)ca alysteoQn ﬁﬁ%ﬁgt&N&t¥tQSHEhSpEPﬁW?Bh°n of
(3) The anmounts 5&rdigaﬂ,fornat|on are affected nore by the inpurities
contained in the raw material propyl ene and their amounts than by the

performance of a catal3)t Whide thesSe ly-preRdyiss QfcaroPrndisdpuesttemely
conpounds ot her I f f ‘%

catal yst and ét e aannt‘)ol}ﬁ{és%oégfseby- E%rr%ac%&slﬁlogekag}e?rﬁ}egﬁa 8&9?;[‘?_8 q %‘? The
effects on the périch mrecoadn produatsstthbeyl form tthesemivust binfirdgeerbaluct s
to be forned |ncreéa1 qb’;ﬂn 15 _a cordﬁ?ce as t e degree of unsaturation of

I mpurities in UEYE 8n8835? t#R- basi ci ty gains in
intensity. T¢een, The mmmmraiﬁ ghedrt hermatihn amé h&¥ecdeaomyes ed
that the side reactions are . effectively repressed and t pr obl ens
menti oned above R¥ &G ASRYEdLLRS QBPT@é“%‘} vidis ﬁg““’z@‘atﬁﬁéaio?ﬁq’l’w%nt

of unsaturated hygf QGRIRORMoUNtS thﬁnCS{rbEHe er?&ﬁﬁ%&t har o Q‘%'%aﬂ?r@l@f' ene

in the raw material propyl ene bel ow 500 ppm (by weight). The present
i nvention hd§ been (4)peThecpresange¢fonnsateravenicaipounds other than

propylene largely affects the performance of a catalyst and
the amounts of by-products to be formed.
(5) The effects on the performance of a catalyst and
the amounts of by-products to be formed increase in
15 accordance as the degree of unsaturation of impurities in
propylene is heightened or the basicity gains in intensity.
Then, we have continued the study and have discovered
that the side reactions are effectively repressed and the
problems mentioned above are consequently solved by lowering
20 the total content of unsaturated hydrocarbons of 2 - 5 carbon
atoms other than propylene in the raw material propylene
below 500 ppm (by weight). The present invention has been
perfected based on this knowledge.
Specifically, in the production of acrolein and acrylic
25 acid by the catalytic gas phase oxidation of propylene with
a molecular oxygen-containing gas in the presence of an
oxidation catalyst, this invention concerns a method for the
production of acrolein and acrylic acid which comprises
lowering -the total content of unsaturated hydrocarbons of
30 2 - 5 carbon atoms (excluding propylene) in the raw material
propylene below 500 ppm (by weight).

Further in the production of acrylic acid by a two-



Specifically, in the production of acrolein and acrylic 25 acid by the

catal-yti c gas phase oxidation of propylene with a nol ecul ar
oxygen-contai ning gas in the presence of an oxi dation catalyst, this

i nvention concerns a nmethod for the production of acrolein and acrylic
acid which conprises | owering the total content of unsaturated
hydrocarbons of 30 2 - 5 carbon atoms (excluding propylene) in the raw
mat eri al propyl ene bel ow 500 ppm (by wei ght). Further in the

production of ac | ' - ' . .
B e Fep T eacktoh Tetkloedhiri¥ing o former atep for producing aprolein
nmai-nly by the canaiyly bygdse phtatybic dgrisi pmasé ogidpyienefiptdpyleneawith

I I - I nj inth f, dat
catal yst and o | & ReLeGHLAR R RPRRI LG9 B abhe BTRECGSr pifse

oxi dation of theoRedSt PO -CHHHIFsH HHd a ldtaagt isQ@pgﬁéri;fjrddh%iﬁx@eaéE*?Ei@f an

oxi dation catalyst, this i nvention concerns _a nethod _for the production

of acrylic 3 aefHd iy Hhecoaprphase (axidatigm A the Acredpiantoptaining
d hyd f, 2 - syl | i
unsaturated hydrpcatp s %P Evlgbsgag'reggﬂc%ggﬁsan( 8\3%13%%?‘9 CHEAVRY, eAgE 1 N

the raw material propylene belo ppm )
DESCRI PTI ON OF THE@REKHIRREMdENBEDIaVEREhod for thaiprahwtionepifsacryliat ure

Cotal content Sof7 B, tomrtisaroctPRERiRsr B Holh Chnent" (f8en
t hat propy! etgs4her et ab MHyRirocirdongdofo2 sk nploarisn’ ateaku akelluding

hydr ocarbons of 2 - 5 carbagn atons") is bel qw 500 ppm (ppm by wei ght;
appl i cabl e il | BFPEY Heheh A& £8R) FWH@W&%PI@BYESP%ﬁ@%é&@uf&%&gy

hydrocarbons of getgtetparbon atoms is

DESCRIPTION OF THE PREFERRED EMBODIMENT

The characteristic feature of this invention comprises

15 using a raw material propylene of which the total content

of unsaturated hydrocarbons of 2 -~ 5 carbon atoms except that

propylene (hereinafter referred to simply as "unsaturated

hydrocarbons of 2 - 5 carbon atoms") is below 500 ppm (ppm

by weight; applicable similarly hereinafter). The content

20 of the unsaturated hydrocarbons of 2 - 5 carbon atoms is

preferred to be not more than 450 ppm, more preferred to be

not more than 300 ppm, and particularly preferred to be not
more than 200 ppm.

In this invention, propylene having a content of

25 unsaturated hydrocarbons of 2 - 5 carbon atoms of not more

than 500 ppm, preferably not more than 450 ppm, more

preferably not more than 300 ppn, and particularly preferably

not more than 200 ppm and also having a total content of diene

and acetylenic compounds of 2 - 5 carbon atoms of not more

30 than 200 ppm, preferably not more than 150 ppm, more

preferably not more than 100 ppm, and particularly preferably

not more than 50 ppm is used advantageously. As one ideal



preferred to be not nore than 450 ppm nore preferred to be not nore

than 300 ppm and particularly preferred to be not nore than 200 ppm
In this invention, propylene having a content of 25 unsaturated
hydrocarbons of 2 - 5 carbon atons of not nore than 500 ppm preferably
not nore than 450 ppm nore preferably not nore than 300 ppm and
particularly preferably not nore thang200 ppm and al so having a total
content of diene and acetyl enic conpounds of 2 - 5 carbon atons of not
nore 30 than 200 m preferably not nore than 150 ppm- nore .
preferably not RifaPf160eppaY BAtehtat iRnARIepeyr prepybepe having awre
than 50 ppmis ussftedy 3t ﬁﬁﬁﬁﬂﬁﬂteﬁ‘%%&?oéé%ns of 2 - 5 carbon atoms

6 exanpl e of the raw material propylene, propyl ene having a

content of unsatQfr Moddmeyer sbanbane ppPm 2and & dmtladncahhe?t of di)énélmr(xjdmrfe
t han 200 m an l: C | ene and cetyl eni ¢ conpounds o
2 - 5 car Bgn at girrc%tgﬁ'te%oc %@ég}gﬂ%} od%% Ioigcﬁ‘ﬁrﬁonpaﬁ?lf‘%!ﬂéf’f’& ‘B?ggefr. y
not nore thab 5008pppmaypartichkaclyesireferably notBubzei €Hen M8y Hish Gidyed as

a typical exanple of. .the diene and methyl acetylene as a typical
exaﬁgle of the KEetyEfic conpounds, both nentioned above. As ot her
typical exanples 10 patabhendifsf Bed RGNNSO NAE eRbmple o EAERALAL ONE,
et hyl ene, butylene, and isobutyl'ene nay be cited. I't I's suc

saturated hydr o8CpBALhEL Jnelydane pata typicadcexampleoft hbtlalaaaejasl\‘llgenic
Parti cul ar |1 m ¢ orRonads, 5 ebtioped A PhE I e LBYL AT GxatbLes
hydr ocar bon&0 be@?ué‘élq humturatexhthydato&ﬁdbﬂﬂllrsSgﬁﬁctemgﬁ Fﬁ:&ﬁg?yo:ﬁ?e'\/;%
\émewi gecat o yisitfeghgfle?%g §§1§%§§$1 y‘?‘?\ c’c?lrﬂl%'“;{é’tl,enﬁn?&?upﬁt Sélgﬁ%rocar bons
It is such saturated hydrocarbons as propane that
account for the largest proportion of the impurities in the
raw material propylene. No particular limit is imposed on
15 the content of such saturated hydrocarbons because these
saturated hydrocarbons have low reactivity with a catalyst
and exert only small influence on the performance and service
life of the catalyst. Incontrast, unsaturated hydrocarbons
have high reactivity with a catalyst, induce side reactions,
20 and by-produced substances other than the compounds aimed
at. In addition to lowering the catalytic activity and
decreasing the yields of acrolein and acrylic acid, the
unsaturated hydrocarbons form a cause for impairing the
service life of the catalyst. Further, the by-products form
25 one cause for the generation of after reactions, contaminate
a reaction apparatus, and cause plugging of pipes. Thus,
the concentration of unsaturated hydrocarbons in the raw
material propylene must be strictly controlled.
The rawmaterial propylene contains involatile residues
30 and sulfur components in addition to the saturated and
unsaturated hydrocarbons mentioned above. These impurities

form a cause for degradation of the capacity of a propylene



have high reactivity with a catal yst, induce side reactions, 20 and

by- produced substances ot her than the conpounds ai ned at. In addition
to lowering the catalytic activity and decreasi ng the yields of
acrolein and acrylic acid, the unsat urat ed hydrocarbons form a cause
for inpairing the service life of the catalyst. Further, the
by-products form 25 one cause for the g&neration of after reactions,

cont am nat e a reaction apparatus, and cause pluggi ng of pipes. Thus,

the concentration of unsaturated hydrocarbons in the raﬁ\gl mat er | al
propyl ene nust BEPRITALQAY yapdnd offage Ior corrogion o0t dih& | BPAGFLPYI ene

contains invol afil e 4185 duee 30, ERErétbidl QY kebP 8Hdi LbRPehOst he

saturated and unsat ur at ed hydrocar bons nti onedabove. These i urities
forma cause fof doyodasilernresidurs eagasnlfuniconppnepyscgach below 100

't is, thor el ortih (HNAREROS berkeakiy BRLSy 36T Xib Yeaqne 0PRSS

and sul fur Gonponenttheenah matlediial Gropylemenasdahlekepdin dopsafodr sipysdel ow

50 ppm (by weight). . .. The raw material propyl ene, usahl e herej n does
not inpose rreégtrﬁc&lPBnpﬁﬁﬂ'? : %]_rx ?%Bngﬁlfleqwsr Bfé’ PgvRatRe he
content of unsajsxtdRd BYdress4Persted t hiydrbbarbsnge withifenthenedanpeve.

For exanple, the species of propyl ene produced by the nethod of steam

cracking of nagtfMHelofRd 13ROV Fiici eamplie, prlpFRARLEDH Sk UREAPY B§Re t he
e used as ¢ he Vantasary o Mo skhcat b4 dd €2 A1 AGROR Haihra BRAPARF °2"
content of ld@nsatpecitesd hgfir opaopydenen qumiduced prlgpyl the doethodt iofose
any restricti on Bablolaiby 40 ol aat 16 85 Rlodd i TBHNSF p¥bp8he¥in
be used as the raw material propylene. The method for
adjusting the content of unsaturated hydrocarbons in such
propylene does not impose any restriction particularly. 1In
15 the caseof the method of steam cracking naphtha, for example,
this adjustment may be accomplished by separating the
unsaturated hydrocarbons by the technique of low-temperature
fractional distillation and then removing acetylenic
compounds entrained by the unsaturated hydrocarbons in a
20 minute amount by selective hydrogenation. The propylene may
be otherwise purified by super precision distillation using
an increased number of steps.
No particular limit is imposed on the purity of
propylene in the raw material propylene. In consideration
25 of the economy to be associated with the purification, the
raw material propylene having a purity of propylene of not
less than 90%, preferably not 1less than 92%, is
advantageously used.
Incidentally, the content of unsaturated hydrocarbons
30 of 2 - 5 carbon atoms in the raw material propylene is
preferred to be as small as possible. If this content is

lowered to below 1 ppm, however, a further improvement in



thi s.adjustnment may be acconplished by separating the unsat ur at ed

hydr ocar bons by the techni que of | owtenperature fractional
distillation and then renoving acetyl enic conpounds entrained by the
unsat urated hydrocarbons in a 20 mnute anount by sel ective hydrogenation.
.Thepr-opyl enemay be otherw se purified by super precision distillation
usi ng an increased nunber of steps. 8 No particular limt is

i nposed on the purity of propyl ene in the raw material propylene. In
consideration 25 _.of .t he econo 0 be associated wth the rif.ication,

t he raw mat e¥ i d;ﬁ%ﬂ%ﬁ@ ‘?Tg% P FESATT lﬁ"r%?)# g‘l‘gp g? thg extra) o
than 90% preferqbkk P®tpdrEiFs dadtdbnd%idli Bot be a@¢eghageaus|m Useénough

I ncidentally, the content of unsaturated hydrocarbons, 30 of 2 - 5 carbon

atoms in the rawt@htRe Fonkepis afe digne ang, aretylente qumpenndsaf 2s-
possible. If thig &oHAhtbis to HeLIELELE %o@h@"ﬁé‘i%@gh'&%‘ﬁe&fro .eﬁ"‘giaﬂr.t her

| mprovenent in ] i enough
to of fset the increasBhenproductiaent ®f hacexlein and womyldc pacidi Exomon

wi |l not be recogpij t_ i ough . fort t f diene_and
acetylenic corrpogg%éﬁg?né a:nds £ gggg}:%%ﬁo t%fné&%gigg %gi‘/érb%at 8%?’53%‘39
nei ghbor hood of fedcppsn fbom propyiener adiicth crefcattaiEliatandbacthtisc
acid from ptopyl ene and ghe grodution of acrylic acid_b% a two-step
reaction from proPYFRHECRGA g & E’&J‘ﬁ‘ir‘?ﬁitapgoa Bethedswhich is,geRrershlyan

be carried out byséq B GRIcHM € knownIesBakid excepts ha®l t MO It thagWN
to be used except that the point that 10 the raw naterial propylene to be

used ought tld habke xawonatarial prepydssatts kedsed angbhrisohavera gontent
carbon atons of thng,grt‘ﬁratedtrgf&kéé@rm of 2 - 5 carbbii dtBMEEES N fore
uctron, f

catalyst for the pro exanpl e,
than 500 ppm.

As respects the catalyst for the production, for example,
a catalyst which is generally used for the production of

15 acrolein and acrylic acid from propylene and the production
of acrylic acid by a two-step reaction from propylene can
be used. In the production of acrylic acid by the two-step
reaction, for example, a metal oxide catalyst having
molybdenum and bismuth as essential components may be used

20 as the oxidation catalyst in the former step. Among other
metal oxide catalysts conceivable herein, oxidation
catalysts represented by the general formula (1) may be cited
as preferable examples.

Mo,Bi,Fe A,B,C.D.0, (1) ,

25 In the formula, Mo is molybdenum, Bi is bismuth, Fe is
iron, A is at least one element selected from the group
consisting of cobalt and nickel, B is at least one element
selected from the group consisting of alkalimetals, alkaline
earth metals, and thallium, C is at least one element selected

30 from the group consisting of tungsten, silicon, aluminum,
zirconium, and titanium, D is at least one element selected

fromthe group consisting of phosphorus, tellurium, antimony,



a catalyst which is generally used for the production of 15 acrolein and
acrylic acid from propyl ene and the production of acrylic acid by a
two-step reaction from propyl ene can be used. In the production of
acrylic acid by the two-step reaction, for exanple, a netal oxide
catal yst having nmol ybdenum and bi snuth as essential conponents may be
used 20 as the oxidation catalyst in theforner step. Anmong ot her

nmet al oxi de catal ysts concei vabl e herein oxi dati on catalysts
represented by the general formula may be cited preferable

exanpl es. tin,” og3igm. ﬂ;rePer]‘ b‘l“P] ARRIANGSEr F@F@PF-FD[ ard] oeer]
(1) 25 I'n 6 higs fofygend. alfB hS B! ybdghum B 4 s dpasRuis. the dfomic

iron, Ais at |least oné el énent séleCted fromthe group consi sting of
cobalt and ni ckéIatJB?ﬂ sr%@elc@ayelamefenem Fe, dol &t €d Proandh@ suciup

consi sting of alkal taI? dfds |_n3 1 rtcp_ngtal ‘taenti toh bhngs Cis

at | east one el ement sel ec fromthe gf oup ConsTsting of
silicon, alu® nuh+0- 302,|gectm-tml andick 1s aanimenicaliwahie te&ﬁd@tlemeimnt

I d f t h h nti mony,
o i, cotbuita HiatR A HaRing anloERe e, alemdnes® " "0} <

oxygen, and a, b, C 'I(he@xlciati?bn éﬁdalykﬁnﬁaﬁﬁa@&ﬁ@tﬁ‘e sha;t)el’ditd:?ﬁlnders,
respectlvely of Mo, Bi, B, C D and 0 such 1 -10,
0.1 - 20, d =BANgSHPT éPheGeee)lr may be imsan pmegphpus Form.-- 40PkiN3Li%: a
nuneri al val uet AORAG 1Y BuPBIrted o n! fifert! Bher Oty VY SEHAP e ol {tfin
conponent el enents. oxidaf on cata yst may ape of
cylinders, 10 hy mebding appintisse compoyemebyra anitabl@hetbofor rﬁes:Ldes

B oot oy S ST RER R SN BB “Che SR phb T B
incorporate additionally therein a molding additives and a
reinforcing agent. For example, various glass fibers and
whiskers may be used for the incorporation.

15 The oxidation catalyst does not need to be limited to
a simple species. It is allowed to have part thereof diluted
with an inert carrier. Alternatively, several species of
oxidation catalysts of varying activity prepared by altering
components, method of manufacture, and conditions of

20 calcination may be used in a combined form.

As the reactor, a shell-and-tube type fixed bed reactor
is generally adopted. It is alsoallowable tousea fluidized
bed type reactor or a moving bed type reactor. The reactor
is not particularly discriminated on account of the kind of

25 material used therefor. It may be made of carbon steel or
stainless steel, for example.

The molecular oxygen-containing gas source is not
limited to pure oxygen. Air and waste gases emanating from
various plants may be suitably used. Other impurities than

30 the unsaturated hydrocarbons mentioned above, namely carbon
dioxide gas and other impurities such as NOx, SOx, and

moisture which occur in such amounts as found in the standard



t he .conponents nenti oned above, the oxidation catal yst may I ncor porate

additionally therein a nolding additives and a rei nforcing agent. For
exanpl e, various glass fibers and whi skers may be used for the

i ncorporation. 15 The oxi dation catal yst does not need to be limted
to - a sinple species. It is allowed to have part thereof diluted

with an inert carrier. Alternatively, seMeral species of oxi dati on
catal ysts of varying activity prepared by altering conponent s, net hod

of manufacture, and conditions of cal cination nmay be used in a conbi ned
form ﬂ%rtHﬁlpgaﬁ?o??rﬁ?%§i§¢-%#£§9§ﬂmetype fixed bed reactor
is generally adopt edyhbt drredlctedal p &né OwH§eha rendidiszedfter he@n ype

reactor or a noving bed type reactor. e _reactor is not particularly
di scri minated ofc3Bbdereomponentkiatdagry2ic spidhaye heen rerewaxnd and may

be made of carbagpalaebaOby the Yl YL%S sBhGRht Eafl}léngféggasfcoan&iraeugx of'he

mol ecul ar oxygen-¢ontal ni N gas source i s no ygen.
Air and wast® gwsterepmnaithey fsadwvent ficom dihe EHemprlsionme isk-anntadimipgused.

et DU 5 olERotOpad TSRS s ARG RORS LTI A

noi sture whi ch egCHEryDisUsdid iy tie aathaytdcl §as hghasa@ndaildhtion such
10 air bring ng particul ar effect. The unreacted propyl ene
e

whi ch remains affer I8HcH¥AMPleo|d HWo-ShePokeartign. o WHRPYAERE (727 PSeen
recovered and ¢jr8RPatald $hdYsbASHeIeyWr Bagehy Y the YRANSLESI AN Ya8l| Y Of

S5 water or other solvent fromthe acrylic acid-containing ~ reaction gas
obt ai ned at1@heInathés cass ithet Fawpnakeridlbpropyleneaehigh clssompogedhe

catal ytic gas pja é%géﬁﬁ#%ﬁ?§8%ﬁxculd%§dJﬁHtﬁéi&%b?ieﬁeﬁ%pﬁéE?%shly

reaction, of propylen
supplied is only required to have a content of unsaturated

hydrocarbons of 2 - 5 carbon atoms of not more than 500 ppnm,
preferably not more than 450 ppm, more preferably not more

15 than 300 ppm, and particularly preferably not more than 200
ppm and a total content of diene and acetylenic compounds
of 2 - 5 carbon atoms of not more than 200 ppm, preferably
not more than 150 ppm, more preferably not more than 200 ppm,
and particularly preferably not more than 50 ppm.

20 The method of this invention is executed by first
packing a shell-and-tube type reactor with the oxidation
catalyst mentioned above and passing a raw material gas
composed of raw material propylene, a molecular oxygen-—
containing gas, and an optionally incorporated inert gas

25 through the reaction zone of the reactor at a reaction
temperature in the range of 250 - 450°C, preferably in the
range of 280° - 400°C, at a space velocity in the range of
300 -~ 5,000 hr™, preferably in the range of 700 - 3,000 hr™.

Since this invention effectively represses side

30 reactions, it can solve such problems as by-products of

organic acids, high boiling compounds, and tarry compounds,

deposition of carbonized materials, consequent aggravation



circulated and used wholly or partly as the raw material gas. 10 In this

case, the raw material propylene which is conposed of the propyl ene so
circul ated and the propylene to be freshly supplied is only required to
have. a content of unsaturated hydr ocarbons of 2 - 5 carbon atons of not
nore. than 500 ppm preferably not nore than 450 ppm nore preferably
not nmore 15 than 300 ppm and particul arflily preferably not nore than 200
ppm and a total content of diene and acetyl eni c conpounds of 2 -5

carbon atons of not nore than 200 {)pm.pref erably nQt . nore than 15
ppm nore pref erdbIPrefsUreoAEOPnaRlYeRing RE tubesyqapd, SPERT LPFIEHIRL abl y

not nore than 5Q,pAMt20 ¢ duéhe nethod of this invention is executed by
first packi %b a st}XgI I -gﬁg-tube type reactor with the oxidation

catal yst mentioned aBerordingptesinis dnventignerthe deterioragdapo’Edhs raw

mat eri al propyl en a | ecular. y. Qs L kN reIple )

optionally incoﬁﬁ%?%?@ggFﬁe%Fa&§§¥égaﬂvﬁ?éﬁbﬁgﬁﬁgbggag%?gﬁazone o) %rﬁf
reactor at asreasiprased éff@etirelse. i n Bphethisgamfen2ion, 460¢cefdr::,
preferably in the Jange of 80%%n%%F- 400[.err] C a space.velocity in
the range of ao}@@-e-m'sa,’gﬁ)écﬁi’ &F ACL @Qﬁfba@l&rﬁﬁé’%ﬁ‘g % Ly
3,000 hrlerr]. for a 1Sh§Cerimy Sithenhi oRighf galdldel ¥roaprpeopslende 30
reactions, it can solve suCh problens as by-products of = organic acids,
hi gh boiling coRpsttigsilazdy dar thecenporkiproducipg,gsryisn 8FidhbdliSed
materials, consgqle! g k i i iRLGSSHFEaREEP. Byl ng
of tubes, and deterir%'r ti(%%xg 188, q%%f?%?/l%f lpsr og\fgét.‘? 2 Accordi ng
to this invénti gropgylendetwithr & i bighf yheld atpether rigrgerof step and

O o A e 13 4o £fi 8%  fa {°BEBARELaSHIEF Y NI yieR 4V S
the latter step, stably for a long time.
Now, this invention will be described more specifically
below with reference to working examples. The degree of
15 conversion of propylene, the yield of acrolein, and the yield
of acrylic acid have been determined in accordance with the
following formulas. '
Conversion of propylene (%)
= [ (Amount of propylene spent in the reaction)/
20 (Amount of propylene supplied)} x 100
Yield of acrolein (%)
= [{Amount of acrolein formed)/(Amount of propylene
supplied)] x 100
Yield of acrylic acid (%)
25 = [ (Amount of acrylic acid formed)/(Amount of propylene
supplied)] x 100
The content of unsaturated hydrocarbons of 2 - 5 carbon
atoms and the total content of diene and acetylenic compounds
have been determined by the analysis of gas chromatography.
30
Example 1

(Preparation of catalyst)



acrolein and acrylic acid can be stably produced continuously for a

long time with a high yield from propyl ene. Particularly in the case of
produci ng acrylic acid by the two-step reaction, acrolein is mainly
produced from 10 propylene with a high yield at the former step and
consequently acrylic acid is produced with a high yield at the latter
step, stably for a long tine. Nd®, this invention will be
described nore specifically belom/mﬁth reference to wor ki ng exanpl es.

The degree of 15 conversion  of o ene, th th
yi el d of acryli® %Q}YﬁévgageBﬁ RRYed r‘?is gaxrll %c%%?%%%’%gg\%lmgte haFﬂle ©
fol I owing for gh@method describddven Exampdle PooUL-ar8,79P,978. In 1500

[ (Amount of propyl ene spent in the reaction)/ 20 f pr | ene
supplied)] x 1@8 of water whighl w#s karh é}eﬁ‘t@% and Stlrgego[ E‘hﬁg 1 gpy

acrol ein formeg)) g{ﬁﬁ‘?%ﬂr%ggﬁ:gpa‘(ﬁ&@q{ll g,of ammon ﬁﬂ%fa&@ﬂ Qtal:@w

Yield of acrylic a unt o acrylic aC|d formed)/
(Amount of Srogisssikved. To thepplesadtjant l@pieous solutfipn,cont BhKedf

unsat ur at ed hydr ocar bon h,carb 0 ent of
di ene and acet JFEFIL® wﬁfﬁdgdutlﬂ%véeorbse’e“%g? g‘rf m%g% ut%héggﬁg §él s of
gas chromat ogr agimg 3900 g B@ENPdIsalt nlttﬁ’tepatiasobmedf matz;ﬂOySmI) of

12 A catalyst was prepared as follows i.n _acco nce
t henet hod desc‘ﬂ-%"e%llfﬁ‘ftk’ al ARfAqUEONS; 594 46D ha"i‘ﬁ‘glégg go f"rfarﬁfcwat er

which was kept,hepled 3edodibdi9h0d R 0d5tilled water, and an aqueous
10 solution having 292 g of bismuth nitrate dissolved in 300
ml of distilled water acidified in advance by addition of
60 ml of concentrated nitric acid was added dropwise.
Subsequently, an agueous solution having 244 g of 20 % by
weight silica sol solution and 2.02 g of potassium hydroxide
15 dissolved in 150 ml of distilled water was added thereto.
The suspension thus formed was heated and stirred, evaporated,
and then molded in a cylindrical shape 5 mm in diameter, and
calcined in a stream of air at the highest temperature of
450°C for 6 hours to obtain a catalyst. The composition
20 (excluding oxygen) of metal elements of this catalyst by

atomic ratio was as follows.

Mo,,Bi, ,Fe, ,C0, W, K, 0,81, 6
{Oxidation reaction)

A reaction tube of stainless steel, 25 mm in inside
25 diameter and 4,200 mm in length, immersed in a fused-salt
bath kept at a substantially uniform temperature was packed
with the catalyst mentioned above so as to form a catalyst
bed 3,000 mm in length. A reaction gas composed of propylene
of a concentration of 6.5 $by volume, 65 % by volume of air,
‘30 and the balance of steam was supplied to the reaction tube
at a space velocity of 1800 hr and allowed to react at a

temperature of 325°C. The propylene mentioned above had the



ammoni um nol ybdate and 314 g of ammoni um paratungstate were 5 di ssolved. To

the resul tant aqueous solution, a m xed aqueous nitrate solution

consi sting of an aqueous sol ution having 700 g of cobalt nitrate

di ssolved in 200 m of distilled water, an aqueous sol ution having 243
g of. ferric nitrate dissolved in 200 m of distilled water, and an
aqueous 10 solution having 292 g of bisBh nitrate dissolved in 300

m of distilled water acidified in advance by addition of 60 m of
concentrated nitric acid was added dropw se. Subsequent |y, an aqueous

sol uti on havi ngf#ddoyipg oempeHItion. wejght silica sol solution and 2.02 g

of potassi um hydr oxi ggoé?legggsaj@/qd By vbadm@! of distilled water was added
t her et o. The suspension thus fornméd was heated and stirred, evaporated,
and then nol ded i n aPrgpandrand| othepcconpananisti afdlanpceand cal ci ned
in a streamof air a i gbe Ygery ] Cof urs
to obtain a catal ystbo#ﬂgngo%oébf%gﬁijﬁ)é& I(Jﬁef%%cderr%m%zyggn) of5 gfeq[rg)l&f)

el ements of Bhis catalyisémdy 47 ppmomic ratio was as foll ows.

Mo[err]Bi[err] Fe[err er err]KlerrlSi rr . i Lon tjon
A geac%i o% tu]be E)f sk&f‘ FBg]s‘\’/%téb%r} 2%“4111%4‘?1 X#@Jﬁecggﬁbglgélﬁét e];(?}f%ﬂ 4, )200
mmin |ength, inmrersedel Fesuftisod eAktinitidlakBalyedf aleagtivhsimditthalsley

uni form tenperature was packed . with the catal KSt nmenti oned ahove so as
to form a cat al pfithe repghiaon goptinned faang: §00 Rohrs MergAg§R0Wg ¥d of
propyl ene of, ra ept i babr Bod®y volune, 65 % by volunme of air,
30 and the bal %?é&ggisteé ng gu?)p iergpto the reaction tube at a
space vel ocl®y of 180onwefreioh aficprdpwlentt o%belcmobl a t enperature of
325[err] C. The propylen tLon ove had

13 followi ng co ngi?lggnégrgﬂeﬁp' %813%nbli%

Yield of acrylic acid: 10 mol#%
(After 4000 hours)

Conversion of propylene: 96.0 mols%

15 Yield of acrolein: 79.0 mol%

Yield of acrylic acid: 9.7 mol$
Example 2

A catalyst having the following composition (excluding
oxygen) was prepared by following the procedure for the

20 preparation of catalyst of Example 1.
Mo,,Bi, ,Fe, ,C0o; K, osCe, ,Nb, s81, ¢,

Subsequently, propylene was oxidized by following the
procedure of Example 1. The propylene used herein had the
following composition.

25 Propylene: 96 % by volume

Propane and other components: Balance

Content of unsaturated hydrocarbons of 2 - 5 carbon

atoms: 450 ppm

Content of diene and acetylenic compounds: 70 ppm

30 The results of the initial stage of reaction and those
of the reaction continued for 4,000 hours were as shown below.

(Initial stage of reaction)



Propyl ene: 96 % by vol une Propane and ot her conponents: Bal ance

Content of unsaturated hydrocarbons of 2 - 5 carbon 5 atons: 47
ppm Content of diene and acetyl enic conpounds: 10 ppm The
results of the initial stage of reaction and those of the reaction
continued for 4,000 hours were as shown bel ow. (Initial stage of
reaction) 10 Conversion of propyledd: 96.5 nol % Yield of
acrolein: 78.5 nol % Yield of acrylic acid: 10 nol % (After 4000
hour s) Convergion of. propyl ene: -96.0 % 1 - Yield of
acrolein: 79.0 nol % 3onv_ersu$} éf% WPX&%:CE%T%ZH?%%'WN % Exanpl e 2
A catal yst having the ¥DéldWhhax@IRGSIH i 9. § emslwdi ng oxygen) was
prepared by follow ng the procedure for the 20 grﬁfaration of catal yst of
Exanpl e 1. Yield of acrylic acid: 10.5 mol%

Mo[err]Bi[err] Fe[ F{gp[@gddqugﬂﬂgga[err]Nb[err]Si[err]

Subsequent | vy, progé ene was oxidized by follow ng the procedure of

Exanpl e 1. Thé propyl eteneresidrecd] paepylene: 95ioImad¥ ng conposition. 25
Propyl ene: 96 % by valu Rr opa her conponents: Bal ance
Cont ent of unsaturate8}+éihcﬁ£uﬁﬁ§%§9ﬁn‘2 9§5§qﬂo

- carpon atons: 450
ppm Cont ent ofielidnef audyddet weddi:c 2o8meedfds: 70 ppm 30 The
results of the injitial stage of reaction and those of the reaction
conti nued for 4,d%®pﬁﬁﬁféfmere as shown bel ow. (Initial stage of
reaction) A reaction was carried outlfy following the procedure

10 of Example 1 while using propylene of the following
composition instead as the propylene.
Propylene: 91 % by volume
Propane qnd other components: Balance
Content of unsaturated hydrocarbons of 2 -~ 5 carbon
15 atoms: 800 ppm
Content of diene and acetylenic compounds: 50 ppm
The results of the initial stage of reaction and those
of the reaction continued for 4,000 hours were as shown below.
(Initial stage of reaction)
20 Conversion of propylene: 95.5 mol%
Yield of acrolein: 77.2 mols
Yield of acrylic acid: 9.5 mol%
(After 4,000 hours)
Conversion of propylene: 94.5 mol%
25 Yield of acrolein: 76.2 mol%
Yield of acrylic acid: 8.8 mol%
Control 2
A reaction was carried out by following the procedure
of Example 2 while using propylene of the following
30 composition instead as the propylene.
Propylene: 96 % by volume

Propane and other components: Balance



Conversion of propylene: 96.0 nol% Yield of acrolein: 77.8 nol %
Yield of acrylic acid: 10.5 nol % (After 4,000 hours) 5

Conversion of propylene: 95.6 nol% Yield of acrolein: 78.2 nol%
Yield of acrylic acid: 9.8 nol % Control 1 A reaction was
carried out by follow ng the procedure 10 of Exanple 1 while using

propyl ene of the follow ng conpositi 6 i nstead as the propyl ene.

Propyl ene: 91 % by vol une Propane and ot her conponents: Bal ance

Cont ent of wunsaturated,  hydrqcarbons qof 2.- 5.car . at ) 0
ppm Cont ent  SFoRHeHe eﬁduge&‘gﬂagﬁfichg?&%%ﬁﬁég?%gfp%m- 9”Barb§HThe

results of the initial gtess:of60®asgm on and t hose of the reaction

continued for 4,000 hours were as shown bel ow. Hél nitial dstag f

reaction) 20 CorfiRIFaTn aff Jhedsy RBAe aCeEE 18N 4P ggmpounds : 3#& 8Py

acrolein: 77.2 nol % e resultg! giff Oéhé‘ihihiﬁlasgtzé%e %Fﬁ%ﬁ&on and?these
0

4,000 hours) nver si on of propyl ene: . Yi el d of
acrolein: 7652 nef ¥he reactionwentimiedifoyldi,@0chenrpweremisoghown bgheve| 2

A reaction was Ca{%‘%’gg%ﬁ%jt%tqu‘%%g (}‘.@a gblﬂgopr ocedur e of Exanple 2

whi | e usi ng propy oW ng nposition instead as the

propyl ene. Pragymwearsion o phypydlense  95.8 mol%r opane and ot her

components: Bal ance Yield of acrolein: 75.5 mol%

Yield of acrylic acid: 8.7 mol%

10 (After 4,000 hours)

Conversion of propylene: 94.5 mol%

Yield of acrolein: 74.2 mol%

Yield of acrylic acid: 7.9 mol%
Example 3

15 A shell-and-tube type reaction apparatus (1) fitted
with an accessory device for cooling a reaction formed gas
and a shell-and-tube type reaction apparatus {2) independent
thereof were connected with a piping. The reaction
apparatus (1) was packed with the same catalyst as used in

20 Example 1 so as to form a catalyst bed, 3,000 mm in length,
and the reaction apparatus (2) was packed with a catalyst
of the following composition (prepared by the method
described in Example 1 of US-A-5,739,392):

Mo,,V; sW,Cu, ,

25 so as to form a catalyst bed, 3000 mm in length. The reaction
formed gas obtained in the reaction apparatus (1) was cooled
immediately to below 280°C at the outlet of the catalyst bed
so as to preclude the occurrence of after reactions. The
piping connecting the reaction apparatus (1) and the reaction

30 apparatus (2) was kept heated to 260°C. The residence time
of the gas in the piping was set below 5 seconds.

As the propylene, the propylene of the following



15 . Content of unsaturated hydrocarbons of 2 - 5 carbon

atonms: 600 ppm Content of diene and acetyl enic conpounds: 250 ppm
The results of the initial stage of reaction and those 5 ofthereaction
conti nued for4, 000 hourswere asshownbel ow. (I'nitial stage of reaction)
Conversi on of propylene: 95.8 nol % Yield of acrolein: 75.5 nol %
Yield of acrylic acid: 8.7 nol % 10 (Afted64, 000 hours) Conver si on
of propylene: 94.5 nol % Yield of acrolein: 74.2 nol%

Yield of acrylic acid:, 7.9 nol % Exanpl e 3 15 A shel | - and-t ube
type reaction afPRPSPYEt ﬁ)w?%tY%ﬁF' with an accessory device for cooling

a reaction fornmed gagropylénd: a sshal lbyandlumee type reaction apparatus (2)

i ndependent t hereof were g&nnected with a hpiﬂg The reaction
apparatus (1) was palkeBapgtdn rR§Q£EmFQERQB%R#%'as La%F¢h 20 Exanple 1 so

as to forma catal ysgohednt 3of0@nsFtirat s Hyirocarbdig die 2r eadt icairbon
apparatus (2) was packed with a catal yst of the follow ng conposition

(prepared by53the nethoatoms: d4dcPPBed in Exanple 1 of US-A-5,739,392):
oLt Ton T oLel ) UeREEL 75 A0S s RIORA G blapollis 0 TR "
was cool ed i meditheergatvibel was 288feied ®utt hefbtingetthef negetdamal yst
D et 20 75! RebFbHIEs P IR YRR B ot T 523, LD
was kept heat edregc286haidngerabird 6sitianeeattien apparhtube( Dpati 2659
pi ping was set below 5 _seconds. ) As the g&ggxlege%lghﬁmﬁB%&ykgpe of
t he fo||omnh% and by feeding a reaction gas comp g Y
propylene, 60 % by volume of air and a balance of steam at
1,500 hr™* of space velocity. The combined performance of
catalyst in the reaction apparatus (1) and the reaction
apparatus (2) during the initial stage of reaction was as

15 follows.‘

(Initial stage of reaction)
Conversion of propylene: 96.7 mol%
Yield of acrylic acid: 89.2 mol%
Yield of acrolein: 0.5 mol%

20 After the reaction was continued for 4,000 hours, the
reaction apparatus (1) and the reaction apparatus (2) were
equal in temperature and the combined performance of these
reaction apparatuses was as shown below.

(After 4,000 hours)
25 Conversion of propylene: 96.1 mol%
Yield of acrylic acid: 88.7 mol%
Yield of acrolein: 0.7 mol%
During the course of the reaction mentioned above, no
discernible change was recognized in the pressure drop after
30 the catalyst bed of the reaction apparatus (1l).
Contr61 3
A reaction was carried out by following the procedure



16 . conposition was used. Propyl ene: 96 % by vol une
Propane and ot her conponents: Bal ance Content of unsaturated
hydrocarbons of 2 - 5 carbon 5 atons: 47 ppm Cont ent of
di ene and acetyl eni c conpounds: 10 ppm The reaction was carried
out by fixing the reaction tenperature of the reaction apparatus (1) at
325[err] C and the reaction tenperatud@& of the reaction apparatus (2) at
265[err]C, 10 and by feeding a reaction gas conprising 6 % by vol une of
propyl ene, 60 % by volune of air,and a bal ance of steam at 1.500.
hr[err] of spacePhFERmRIe I h@’%‘o‘i‘%’e‘éﬂ pE’P?oPﬁﬁmie%? of the £?§7§?w?‘?\gthe
reacti on appar até&nzgagiﬁ% ta@eth@agg{,?gll?ne.appar atus (2) during the

0

initial stage of reaction was as 1 oWs. (Initial stage of

reacti on) Carapydieme :of 8$rd Y eretumss. 7 nol % Yi el d of
acrylic acid: 89.2 0 w.el.d L Nig3.a9c0! % 20 After
the reaction was cogﬁlﬁ? A gpd4?g8§kh8§&g?ﬁtéﬁ{é§ Ba(ra'gagt I on apparatus (1)

and the reactsi on appaattent( 2f wmsaturateduhydiracachpes acfir2 ans cavbon
conbi ned performance of tt hese reacti on apparatuses was as shown bel ow.
(After 4,000 hours) 252toms: dGROBR%, of propylene: 96.1 nol %

Yield of acrylic aci ddorftent &# Hiene and adeetylenic assmpaimis:0. Z500pSm
During the course of the reaction nmentioned above cerni bl e

,. ho . di
change was recogni zedthe WiBPQSEGFgoﬂm%C%f?%r"@@thﬁé" Bt Eﬁ?s’fe%‘_éﬁl%'f t he
reaction apparatys {Deue (1)CUHd Ohd reaction AppLAKULN FPSACAIH SehoUt

by follow ng the ocedure

10 initial stage of reaction was as follows.
(Initial stage of reaction)

Conversion of propylene: 94.3 mol%
Yield of acrylic acid: 78.8 mol%
Yield of acrolein: 3.9 mol%

15 After the reaction was continued for 4,000 hours, the
reaction apparatus (1) and the reaction apparatus (2) were
equal in temperature and the combined performance of these
reaction apparatuses was as shown below.

(After 4,000 hours)
20 Conversion of propylene: 92.7 mol%
Yield of acrylic acid: 75.8 mol%
Yield of acrolein: 4.3 mol%
During the course of the reaction mentioned above, the
pressure drop after the catalyst bed of the reaction

25 apparatus (1) increased by 400 mm in water column. The
reaction was stopped and the reaction apparatuses were
examined in search of the cause for the rise of pressure drop.
Consequently, the search resulted in detecting formation of
carbonized materials from the outlet part of the catalyst

30 Dbed of the reaction apparatus (1) through the inlet part of
the catalyst bed of the reaction apparatus (2). The

formation of carbonized materials was found to be responsible



17 of Exanple 3 while using the propylene of the foll ow ng

conposition as the propyl ene. Propyl ene: 88 % by vol une

Propane and ot her conponents: Bal ance 5 Cont ent of unsaturated
hydrocarbons of 2 - 5 carbon atons: 1600 ppm Cont ent of
di ene and acetyl eni ¢ conpounds: 250 ppm The conbi ned perfornmance
"of catalyst in the reaction apparatu$8(1) and the reacti on apparatus
(2) during the 10 initial stage of reaction was as foll ows. (Initial
stage of reaction) Conver si on ,of propyl ene: 94.3 nol %

Yield of acrylﬁ??eﬁﬂ%irlﬁ? Lmpressure droPyi o g of acrolein: 3.9 mol % 15
After the reaction was continued for 4,000 hours, the reaction
apparatus (1) and the reaction apparatus (2) were equal in tenperature
and the conbi ned perfornmance of these reacti on apparatuses was as shown
bel ow. (After 4,000 hours) 20 Conversion of propylene: 92.7 nol%
Yield of acrylic acid: 75.8 nol % Yield of acrolein: 4.3 nol%
During the course of the reaction nmentioned above, the pressure drop
after the catalyst bed of the reaction 25 apparatus (1) increased by 400
mmin water colum. The reacti on was stopped and the reaction
appar at uses were exam ned in search of the cause for the rise of
pressure drop. Consequently, the search resulted in detecting formation
of carboni zed materials fromthe outlet part of the catalyst 30 bed of
the reaction apparatus (1) through the inlet part of t he catal yst bed
of the reaction apparatus (2). The formation of carbonized materials
was found to be responsible



18 for the rise of pressure drop. 19
WHAT |'S CLAIMED | S: 1. In the production yIic
i

aci d by the catal ytic gas phase oxidation of pro ‘“\ 5\‘

nol ecul ar oxygen-contai ning gas in the presence of aﬁ catal yst,
a nmethod for the production of acrolein and acryli't acid which
conprises lowering the total content 18f unsaturated hydrocarbons of 2 -
g Icar bggoat oms((excl udi ng propyl ene) in the raw nmaterial propyl ene

el ow ppm 2. In the production of acrylic
acid by a two- st"éﬁ‘m Is F@ggf'l%:BnIgorrprl sing of a forPrer step for prodﬁm ng
acrol ein mai nly Qy t9e G Prdduetddn @h%@r@l@ﬂﬁtarﬁnaei:ymiﬁpad:maow th
a nol ecul ar oxygen-containing gas in the presence of an oxi di z

catal yst and a Ithe eratalytichr Ips odiassy Bekdatiom of aEFBPIS}ePﬁer&? phase
oxi dati on of th%ﬁgcqlllg&.n %&1 ryT 1lg|1 nrgea%éé 0Rndahd NpréSemE&saicepl an
or t

oxi dati on catal yst, ction of acryl Ic acid which
conprises 5 | maardatg.dnheatmlyﬁtp@nmehht)dffqm@aﬁwm@ww o€ aatreshke igt

2 - 5 carbon at %rrrls gce:)x(')cf Eg Iancgj.ci3 WBRXLe@c?xapffsetshiowgylgattq{é %t)tal content
of unsaturated hydrocarbons of 2 - 5 carbon atoms (excluding
propylene) in the raw material propylene below 500 ppm (by
weight).

10 2. In the production of acrylic acid by a two-step
reaction comprising of a former step for producing acrolein
mainly by the catalytic gas phase oxidation of propylene with
a molecular oxygen-containing gas in the presence of an
oxidizing catalyst and a latter step for producing acrylic

15 acid by the gas phase oxidation of the acrolein-containing
reaction gas in the presence of an oxidation catalyst, a
method for the production of acrylic acid which comprises
lowering the total content of unsaturated hydrocarbons of
2 - 5 carbon atoms (excluding propylene) in the raw material

20 propylene below 500 ppm (by weight).

3. A method according to claim 1 or claim 2, wherein
the content of unsaturated hydrocarbons of 2 - 5 carbon atoms
is lowered below 450 ppm (by weight).

4. A method according to any of claims 1 - 3, wherein

25 the total content of diene and acetylenic compounds of 2 -
5 carbon atoms in the raw material for propylene is not more
than 200 ppm (by weight).

5. A method according to any of claims 1 - 4, wherein
the content of unsaturated hydrocai'bons of 2 - 5 carbon atoms

30 is lowered below 300 ppm (by weight).

6. A method according to any of claims 1 - 5, wherein

the total content of diene and acetylenic compounds of 2 -



20 propyl ene bel ow 500 ppm (by weight). 3—ATmethod according to

claim1l or claim2, wherein the content of unsa ﬂ mﬂi mﬂmons of
2 - 5 carbon atons is | owered bel ow 450 ppm (byt“wnm H
met hod according to any of claims 1 - 3, wherein 25 *hé tbtdl donfent of

di ene and acetyl eni c conpounds of 2 - 5 carbon atons in the raw
material for propylene is not nore t BBn 200 ppm (by wei ght).
5. A net hod accordi ng to any of clainms 1 - 4, wherein t he content of

unsat urated hydro bon of 5 carbo S 00 ppm
(by wei ght). o5 ﬁ%‘& 5%%6‘?’33'1 aggfg%p qpy&egﬁ%ngg 'p(% g‘\élr\%her ein
the total contgﬁanoiswlﬂg}@ W@ﬁﬁw,&m c conpounds of 2 - -

20 5 carbon atons in the raw material for propyl ene is not nor e t han

150 ppm (by weight)7. A method agcomdingl tocany PhFledmeny ofé cWieFeiR - 6
wher ei n theaﬁe U lehtd o!f”i’rﬁhﬁtddﬂé %géuﬁe% suhfedt SSHPHERIS 1hn 5

the raw materi for propylene were respeciively not nore than 100 ppm
(by wei ght )5 anthecrawosaterizal 100 propyBgneewghe)respectively not more

than 100 ppm (by weight) and not more than 100 ppm (by weight).



