METHOD FOR PRODUCI NG CONJUGATED DI OLEFI N AND APPARATUS FOR PRODUCTI ON
BACKGROUND OF THE | NVENTI ON Field of the Invention [0001] The present
invention relates to a. nmethod for producing a conjugated diolefin and an
apparatus for the production. Descriptilonr of the Rel ated Art [0002]

Conj ugated diolef ins, such as 1, 3-butadiene (hereinafter, also referred to
sinply as "butadiene") and isoprene, are industrially produced froma

napht ha pyr ohwsi®hy8ROSAOBOOTIRE Xt fudases orvksepangt RePARATUS
purification/recovery nmethod by extraction or extractive distillation, and

are used as maw mebevralenf or synthetic rubber, resin and the |ike.
According to the Japanese Industrial Standards (JI'S K 1533-1980), the
purity of butadiene is defined as 98.0% or nore. Thus, when butadi ene or
i soprene is used as an industrial raw material, a. high purity is
demai | ded. The reason for this is that when produci ng synthetic rubber,
resin and the |ike by polynerizing butadi ene or isoprene that contains

inpurities, the inpuritiesBAOXFROVNH B tTHHol YREFNZEN on of the but adi ene or

i soprene or_cause the polynerization
Field of the Invention

[0001]

The present invention relates to a method for
producing a conjugated diolefin and an apparatus for the
production.

Description of the Related Art
[0002]

Conjugated diolefins, such as 1,3-butadiene
(hereinafter, also referred to simply as "butadiene") and
isoprene, are industrially produced from a naphtha
pyrolysis hydrocarbon mixture based on a separation
purification/recovery method by extraction or extractive
distillation, and are used as raw materials for synthetic
rubber, resin and the like. According to the Japanese
Industrial Standards (JIS K 1533-1980), the purity of
butadiene is defined as 98.0% or more. Thus, when
butadiene or isoprene is used as an industrial raw
material, a high purity is demanded. The reason for this
is that when producing synthetic rubber, resin and the
like by polymerizing butadiene or isoprene that contains
impurities, the impurities could inhibit polymerization

of the butadiene or isoprene or cause the polymerization



to proceed excessively, causing the physical properties of the obtained
synthetic rubber, resin and the like to deteriorate, [0003]

Conventionally, a separation purification nethod of a naphtha pyrolysis
product has been enpl oyed for industriat butadi ene production. Inpurities
that are known to be produced in this nmethod include acetyl enes and
carbonyl conpounds. However, these are sufficiently renoved by extractive
distillatiop,usi-Bge8a PRLBESSOLYENt casyChy ashdl, hhel ied hybiopermiee (DVF),
The resultant product is used as  a raw material for synthetic rubber, resin
and the Me By pHei bytagneat kinthesati sfibesrf heesiangaddché 004G to  In
addition to naphtha pyrolysis, other known nmethods to produce butadi ene and
i soprene ingkudeicatakyti c oxi dative dehydrogenati on of n--butane or

i sopentene. This nethod is known to produce, other than the target

but adi ene aridob3dnrene, various reaction byproducts, such as organic acids,
al dehydes, and conpounds with high boiling point,, that cannot be produced
in a. naphtha pyfohyensiopahbyl, beseRReatits Pt hbbcahpPoyechirdx?Hati on
reaction in which oxygen is involved. Some of these_b progucts are present
in the prodachaghshasPyirReYSaFi arBQPFFcPé§,bP§PeﬁF‘Pb8{IGF}e PT1 describes a.

thod in which butadi -oduced using, f 3 a terial . BESS
ixtur e mai ARGUBFThodr BEEABBACHEVPHICETPE 5 LR BOR SR OnR)S viTEh 15
bt ai ned b ting butadi ene.and i fr f ' bt ai ned
by, napnt ha. SYEHry EPs o SLRARE a by Bt DR Che COREenP PR v oR Br o

acet ylene- haged Axge r%%ﬂli){)h%dtshe géggy&@,gﬁﬁeee 8réPeariiedeheyyl or

| ess, quenching t Sulta roduc as Wth cooling water, recovering

the product /iy ReSOhyeRtr34ch 138 BYEr1and ttBen uRehhoENRY seX ldeatines
distillation. Further, Patent Docunent 2 describes a nethod in which a

product gas Ry eacthi, an GeRritdNimgnRutiad gnerrght arnedrbyutatatytic

oxi dati ve dehydrogenati on of n-butene is sent to a quenching tower, and a
bypr oduct wigdodhiagh ilsoiddety spoiantravainelty rdeipdsed syftdregarn ouddieds i s
removed by dissolving in an aqueous phase by charging an alkali into the
chill ed wat eregio e edhet 4 itkee Myopusfi fiviegqwenichi ng tsawarsLias ddfi ti on,

Pat ent Docunent 2 al so describes providing a scrubber at the outlet of the
quenchi ng t &t@mdagdrap the solid particles produced as byproducts.

[0004]

In addition to naphtha pyrolysis, other known
methods to produce butadiene and isoprene include
catalytic oxidative dehydrogenation of n-butene or
isopentene. This method is known to produce, other than
the target butadiene and isoprene, various reaction
byproducts, such as organic acids, aldehydes, and
compounds with high boiling point, that cannot be
produced in a naphtha pyrolysis method, because this
method employs an oxidation reaction in which oxygen is
involved. Some of these byproducts are present in the
product gas as fine solid particles. Patent Document 1

describes a method in which butadiene produced using, for



Citation Lists Patent Docunent [0005) Patent Docunent 1: Japanese Patent
Lai d- Open No. 200090082 Patent Docunent 2: Japanese Patent Lai d-Open. No.
61-5030 4 Technical Problem [0006]

a raw material, BBSS (a mixture mainly of hydrocarbons
having 3 to 5 carbon atoms), which is obtained by
separating butadiene and isoprene from a C4 fraction
obtained by naphtha pyrolysis, is purified by setting the
concentration of acetylene-based hydrocarbons in the
product gas to a specified level or less, quenching the
resultant product gas with cooling water, recovering the
product in a solvent such as DMF, and then performing
extractive distillation. Further, Patent Document 2
describes a method in which a product gas by reaction
containing butadiene obtained by catalytic oxidative
dehydrogenation of n-butene is sent to a quenching tower,
and a byproduct with high boiling point mainly composed
of organic acids is removed by dissolving in an agqueous
phase by charging an alkali into the chilled water to be
fed to the top of the quenching tower. In addition,
Patent Document 2 also describes providing a scrubber at
the outlet of the quenching tower to trap the solid

particles produced as byproducts.

Citation Lists

Patent Document

[0005]

Patent Document 1: Japanese Patent Laid-Open No. 2000-
90082

Patent Document 2: Japanese Patent Laid-Open No. 61-5030



There are various byproducts from an oxidation reaction, as is shown by the
description in Patent Docunent 2 that even solid byproducts are produced.
When using a hydrocarbon m xture like EMS for a raw naterial, the variety
of byproducts becones nuch greater. Corfseqguently, based on investigations
by the present inventors, it was learned that in a nethod that quenches a
product gas by reaction with cooling water as described. in Patent Docunent
1, not onl yréshhicanpessbhbbée to sufficiently renove the organi c acids,

al dehydes, ketones, and conmpounds wi th high boiling point produced in the
side reacti gonpobut the problemis that trouble arises in continuing
operation as a result of the reaction byproducts turning into droplets due
t o condensat i on Tetdecooradnpwatenraboorpaiydm@nt e idctdon gas fl ow
and causi ng bl ockages in the pipes and equi pnent. [0007 The net hod
described i reaPatent ®echaeahopnikycbthsi deredipblanvenahdeffect of
neutralizing and dissol ving the or?anic acids included in thg prqduct gas
by washi ng PREUgaBtwRt Ahak aHBBoESIARKAYPYSORGEF oRT S NBWRYRF SO badEF bn

i nvestigations by the present inyentors, .jt is inmpossible to satisfactorily
renove ot heFShbyFr Bdb¥e QC?ﬁbQBdWFFBHFeaﬂ?k8u8ﬁ8§h Oﬁe?hﬁﬁwdggﬁ?FB% in

Pat ent Docuggnt 2 i.s,_considered.to have a salid trappi ng effect

due tofhaxi eﬁvgﬁéﬁﬁgep a YPﬁgdBGFFePeSPm?ﬁemaﬁgﬁgﬁ%%gg ower, over time
. o ' o7 . \ 0 "
some of t eC%%sE%u@%EﬁgC SﬁsggcpﬁgHﬁbgsEggggggpgnB9CEh@ggng@ﬁt etween the

top of the quenching wer —an “scru ore’the rticles reach the
scrubber, sq.thatpispe ibl gckages Welil t8geuin EOR@8hod that quenches

a product gas by reaction with cooling water as described
in Patent Document 1, not only is it impossible to
sufficiently remove the organic acids, aldehydes, ketones,
and compounds with high boiling point produced in the
side reaction, but the problem is that trouble arises in
continuing operation as a result of the reaction
byproducts turning into droplets due to condensation by
the cooling water, accompanying the reaction gas flow and
causing blockages in the pipes and equipment.

[0007]

The method described in Patent Document 2 is
considered to have an effect of neutralizing and
dissolving the organic acids included in the product gas
by washing the gas with an agueous alkali solution.
However, based on investigations by the present inventors,
it is impossible to satisfactorily remove other
byproducts. In addition, although the method described

in Patent Document 2 is considered to have a solid



On the other hand, the product gas by reaction containing butadi ene
obt ai ned by the nethods described in Patent Docunents 1 and 2 coul d

concei vably be purified by diverting the product gas by reaction. to a
napht ha pyrolysis purification step after undergoing the quenching step.
However, based. on investigations by the present inventors, it was |earned
that sonme of the reaction byproducts, specifically 4-nmethyl-4- Drnyl- -

cycl ohexeng,zand dIRLtthaghalR} i FeQiH @ atce Hake ngr aducirupieadiag@ne has
inmpurities without. being sufficiently reduced. Further, in the reaction
for produciong lat adi ene whidndribid enrevaas avieawtimieerdoale, o nee | sobutene is
not present, 4-nethyl-4-fornyl-1-cycl obexene and net hacrol ein are not
produced assdiyipt geuctis:]lasherr produstiend s yiteh etanneragblvgr pipesi n and the |i ke
usi ng product butadi ene contam nated with such inpurities for a raw

mat eri al , faptwseanpite tdre qfolbheedusatdloma goeedetterd diwt esrudherdegr ee of
pol yneri zati on decreases, and the nol ecul ar weight distribution expands.
Consequent I38£q%e \id® NG Ied@hepadiatthe Fapidms s Shdthady éihehe

mechani cal _physical. praoperties, processability and the |ike of the

obt ai ned sfﬁt aﬁ,esrdglﬂgr,ocr%’sﬁ'n and the like are harned. [0009]

Accordi ngly O.&Sf s an object of the present invention to provide a nethod
for produci%éja conjugated diolefin that includes a step of sending a
product gas by ggachion produeed bypeatalulie exi.dall yedehydrogenation. of
a hydrocarbon cont ai ni ng a nonool'efin having 4~or re carbon atoms, in

whi ch 1 eactd g Dprpfunlsa SREUAld sh SOOI nildbdl Wit dallidy el nt,
remai ning in steps followmng a quenéhlng tep by a quenching tower can be
suppr essed.pdilrithelocunterits al Sh@n dhed nddiedyBsad duvientddnsy t o
provi de a nethod for producing a conjugated dioletin (e.g., butadi ene) that
can be usediiasx iray tred eftcludorgssy Mhetda-tidibedg & esiphtand the |i ke,
even when using a. so-called industrial grade m xed hydrocarbon, such as

KI SS, that pmyolnotisnheoesis@arddtyldraveeap glepumderasirey ridve naterial to
produce the conjugated diolefin (e.g., butadiene). SUMVARY OF THE | NVENTI ON
[ 0010] quEnchites e Hiovegyem besedr oh tlovashiiows iome Hyovdedescri bed
obj ects, the present inventors discovered that inpurities such as

4- et hy1- 4-RGHRAL | 8/ dHekenss HRf M HRgDdIEat cmdeLef¥iiently renoved

froma . -
reaction byproducts, specifically 4-methyl-4-formyl-1-

cyclohexene and methacrolein, contaminate the product
butadiene as impurities without being sufficiently
reduced. Further, in the reaction for producing
butadiene with n-butene as a raw material, since
isobutene is not present, 4-methyl-4-formyl-1-cyclohexene
and methacrolein are not produced as byproducts. When
producing synthetic rubber, resin and the like using
product butadiene contaminated with such impurities for a
raw material, for example, the polymerization rate
deteriorates, the degree of polymerization decreases, and
the molecular weight distribution expands. Consequently,

it was also learned that a problem is that even the



7 product gas by reaction containing a conjugated. diolefin produced by
catal ytic oxidative dehydrogenation. by sending the product gas by reaction
to a quenching tower, and then washing the product gas by reaction with a
speci fi ¢ quenchi ng agent, thereby conpl®%ting the present invention. The
conjugated diolefin and polynerization product thereof obtained by the
production net hod according to the present invention can be used as a raw
mat eri al f ofesyAihedl orpbherl gesidraiuk | Rerdddsab il ithe @airecanner as a
conj ugat ed di ol efin obtained by known naphtha pyrol ysis product sebarati bn.
purificationiké 0081lihe obtneed fiwartyet theryrlesentresiversndrthie laskd ol | ows.
[1] A nmethod for producing a conjugated diolefin, conprising: a step
of feedi ng ardyldaocead bon containing a. nonool efin having 4 or nore carbon
atons and oxygen to a reactor accommodated with a catal yst which conprises
a netal oxideo@amd a carrier to produce a product gas by reaction containing
a. conjugated diolefin by feeding a hydrocarbon containing a nonool efin

having 4 or mor @Q%?ng&bnsltarﬂcﬁ Yy G e oF &t &T dated with a
catal yst which conprises a OXId% g a car |er an ﬁ % ep of
sendi ng thelBY%HEE?ng%% B?OY% %t?ome? h%ﬁ? C1%e? %ﬂﬁjﬂ%% g with a

?ﬁ:nangﬂgh? ;Ggﬁ? that 8in82 grg@gbCognéggdfﬂgeguﬁrggugﬁ'8Qs'ﬁyused as
reaction produced by catalytic oxidative dehydrogenation
of a hydrocarbon containing a monoolefin having 4 or more
carbon atoms, in which reaction byproducts, especially
compounds with high boiling point, remaining in steps
following a quenching step by a quenching tower can be
suppressed. Further, it is also an object of the present
invention to provide a method for producing a conjugated
diolefin (e.g., butadiene) that can be used as a raw
material for synthetic rubber, resin and the like, even
when using a so-called industrial grade mixed hydrocarbon,
such as BBSS, that may not necessarily have a high purity

as a raw material to produce the conjugated diolefin

(e.g., butadiene).

SUMMARY OF THE INVENTION
[0010]
As a result of diligent research to achieve the
above-described objects, the present inventors discovered
that impurities such as 4-methyl-4-formyl-l-cyclohexene

and methacrolein can be efficiently removed from a



[2] The method for producing the conjugated diolefin according to [1],
wherein an aromati c organic solvent is used in conbination as the quenching
agent, [3] The nethod for producing the conjugated diolefin according to
[1] or [2], wherein a withdrawn |iqui-d7®romthe quenching tower contains at
| east one compound selected fromthe group consisting of 4-methyl-4-fornyl-
1-cycl ohexene, nethacrolein, nmethacrylic acid, benzoic acid, acetic acid,

acrylic aci And r i i .Qf s [ il or
producing t e conj %a%e%ﬁgé%%#@(ﬁa&%lﬁ?gzﬁfjéjfga[t%wtdg%[ l:;ﬁqflﬁv\her ein
the quenchifgd@vel fiascs Pl id: Rft MY IR} rvRfdd®n by an aromatic
organi c sol'vent is used as the quenching agent at a | owest section anong

the pluralidendingeantd ghssddntd gas by GANC @NNenAGUENUSy St on |
used as the quenching agent at a section above the | owest section, [5] The
nmet hod for gddiledmgrddiel repmhegaiediditoleafd myacearadiing twitdnya of [1] to
[4], wherein the organic am ne contains at |east one conpound sel ected from
t he group cewesstingrofncionoetdwerdl amihesselgi etdvanicd ama e heamresent
triethanolamne. [6] The method for producing the conjugated diolefin
accordi ng to)tickher &he cealagered diodgdninc agdl pedtymesazaitaonat | east
one conpound selected fromthe group ,
product thereof obtained by the production method
according to the present invention can be used as a raw
material for synthetic rubber, resin and the like, in the
same manner as a conjugated diolefin obtained by known
naphtha pyrolysis product separation purification.
[0011]
Specifically, the present invention is as follows.
[1] A method for producing a conjugated diolefin,
comprising:
a step of feeding a hydrocarbon containing a
monoolefin having 4 or more carbon atoms and oxygen to a
reactor accommodated with a catalyst which comprises a
metal oxide and a carrier to produce a product gas by
reaction containing a conjugated diolefin by feeding a
hydrocarbon containing a monoolefin having 4 or more
carbon atoms and oxygen to a reactor accommodated with a
catalyst which comprises a metal oxide and a carrier; and
a step of sending the product gas by reaction to a
quenching tower and washing with a guenching agent,

wherein an organic amine aqueous solution is used as

the quenching agent.



9 consisting of o-xylene, nxylene, p-xylene, and a m xed xylene. [7] The
met hod for producing the conjugated diolefin according to any of [1] to
[6], wherein the nmetal oxide is represented by the foll owi ng experinental
formula (1): Mi 2Bi pl ACJ)dEO), (1) - 8herein. A represents at |east one
el ement selected fromthe group consisting of nickel and cobalt; B
represents at |east one el enent, selected fromthe group consisting of

al kal | et al, ol S on, Go 2% 5ERS. Ao | @S tcapmiel e splent ed Trom the

group consi sting of nmagnesium~ cal ciu strontium barium zinc, and

manganese; LD-rEPAESENMS 8] ! edsiroONe £k eiedthaSrl estesh{d o Ihentgriosp
consisting of rare earth elenents; E represents at | east one el enent

sel ected fr@aedhen grOUWPicONSLStAH0CIE @ivrhimy aqethum and gal lium O
represents oxygen.; p, q, a, b, ¢, d, e, and x denote an atom c ratio of
bi smuth, iron] PheBne€ho®, f& pnddlctespeict i vehjugaved 2dnol gbidlenum at ons,
where 0.1p S5, 0.5 S8 0Sa;S10, 0.02b S2, 0 Sc S5 0dS5 and O
5.; e 5; andcxodénogesot hie]l nanbér] of voxygen atohshdeguir d4IebdsBYPBfy t he
val ence requirenents of the other elenments that are present. [8] The

net hod for phedusenghihg tenfugaeredainel ati hAeagEoPAPngOTBOERT of [1] to

[7], wherein the reactor is a fluidized, bed. reactor. _-_10
selected from the group consisting of 4-methyl-4-formyl-

1-cyclohexene, methacrolein, methacrylic acid, benzoic
acid, acetic acid, acrylic acid, and an organic amine
salt of these.
[4] The method for producing the conjugated diolefin
according to any of [1] to [3], wherein

the quenching tower has a plurality of vertical
sections,

an aromatic organic solvent is used as the gquenching
agent at a lowest section among the plurality of sections,
and

an organic amine aqueous solution is used as the
quenching agent at a section above the lowest section.
[5] The method for producing the conjugated diolefin
according to any of [1] to [4], wherein the organic amine
contains at least one compound selected from the group
consisting of monoethanolamine, diethanolamine, and
triethanolamine.
[6] The method for producing the conjugated diolefin
according to [2], wherein the aromatic organic solvent

contains at least one compound selected from the group



[9] An apparatus for a conjugated diolefin production, conprising: a
reactor accommodated with a catal yst which conprises a netal oxide and a
carrier; and a quenchina tower connected to the reactor, wherein a
product gas by reaction containing a-—cdhj-ugated diol efin produced by
feedi ng a hydrocarbon containing a noncol efin having 4 or nore carbon atons
and oxygen to the reactor flows into the quenching tower, the product gas

by reactiondssashef i td.a,quenchingagent d ik quenehiangib@eer, and an
organi ¢ am ne aqueous solution is used as the quenching agent. 110] The
appar at us ff1die. conj ugated diolefin production according to [9], wherein
an aromatic organic solvent is used in conbination as the quenching agent.
Advant ageoub7 [Efflee tnse tdfod nfrentposddiGi?|the conjAcy=oredi njidlefiie present
invention, a conjugated diolefin (e.g., butadiene) can be produced that can
he used as accemdined erd any ovf syt hst i 6 Ir,ub@reiredilre aratal oxide

is represented by the following experimental formula (1):

MO12BipFeqAaBrCeDgEeOx (1)

wherein A represents at least one element selected

from the group consisting of nickel and cobalt; B

represents at least one element selected from the group

consisting of alkali metal elements; C represents at

least one element selected from the group consisting of

magnesium, calcium, strontium, barium, =zinc, and

manganese; D represents at least one element selected

from the group consisting of rare earth elements; E

represents at least one element selected from the group

consisting of chromium, indium, and gallium; O represents

oxygen; p, q, a, b, ¢, d, e, and x denote an atomic ratio

of bismuth, iron, A, B, C, D, E, and O respectively, to

12 molybdenum atoms, where 0.1 < p <5, 0.5 < g<8, 0=<

a <10, 0.02 £b <2, 0 £c¢c <65, £d<5, and 0 £ e <

5; and x denotes the number of oxygen atoms reguired to

satisfy the valence requirements of the other elements

that are present.

[8] The method for producing the conjugated diolefin

according to any of [1] to [7], wherein the reactor is a

fluidized bed reactor.



the Iike, wthout causing blockages in pipes or equipnent, by catalytic
oxi dati ve dehydrogenation of a hydrocarbon containing a nonool efin having 4

or nore carbon atons, BRI EF DESCRI PTION OF THE DRAWNGS 11 - FIG 1
is a diagram schematically illustratirndg®an exanple of a quenching tower
used in a nethod for producing a conjugated diolefin according to the
present enbodi nent; FIG 2 is a diagramschematically illustrating an

exanpl e of (e AwensHi A EOWBSr UsesbhTuddreedreifork ot praglued gn t he
conjugated diolefin 'according to the present enbodinment; FIG 3 is a.
di agram schesmp+cedhy:illustrating an
a reactor accommodated with a catalyst which
comprises a metal oxide and a carrier; and
a quenching tower connected to the reactor,
wherein a product gas by reaction containing a
conjugated diolefin produced by feeding a hydrocarbon
containing a monoolefin having 4 or more carbon atoms and
oxygen to the reactor flows into the quenching tower, the
product gas by reaction is washed with a quenching agent
in the quenching tower, and an organic amine aqueous
solution is used as the gquenching agent.
[10] The apparatus for the conjugated diolefin production
according to [9], wherein an aromatic organic solvent is

used in combination as the guenching agent.

Advantageous Effects of Invention
[0012]

According to the present invention, a conjugated
diolefin (e.g., butadiene) can be produced that can be
used as a raw material for synthetic rubber, resin and
the like, without causing blockages in pipes or equipment,
by catalytic oxidative dehydrogenation of a hydrocarbon

containing a monoolefin having 4 or more carbon atoms.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]



exanpl e of the quenching produci ng the conjugated. present enbodi nent;
FIG 4 is a diagram exanple of the quenching produci ng the conjugated
present. enbodinment; FIG 5 is a diagram tower used in the nethod for
diolefin according to the schematicatl¥litlustrating an tower used in the
:method for diolefin according to the schematically illustrating an
exanpl e of the quenching tower used in the nethod for producing the

conj ugat ed di ol effign acger di BgabRahechefRsentagnhodiMeBtrating an
example of a quenching tower used in a method for

producing a conjugated diolefin according to the present

embodiment ;

FIG. 2 is a diagram
example of the quenching
producing the conjugated
present embodiment;

FIG. 3 is a diagram
example of the gquenching
producing the conjugated
present embodiment;

FIG. 4 is a diagram
example of the quenching
producing the conjugated
present embodiment;

FIG. 5 is a diagram
example of the quenching
producing the conjugated

present embodiment;

FIG. 6 is a diagram

schematically illustrating an
tower used in the method for

diolefin according to the

schematically illustrating an
tower used in the method for

diolefin according to the

schematically illustrating an
tower used in the method for

diolefin according to the
schematically illustrating an
tower used in the method for

diolefin according to the

schematically illustrating an

example of an apparatus for a conjugated diolefin

production according to the present embodiment; and

FIG. 7 is a diagram

schematically illustrating

another example of a conjugated diolefin production

apparatus according to the present embodiment.



FIG 6 is a diagramschematically illustrating an exanple of an apparatus
for a conjugated diolefin production according to the present enbodi nent;

and FIG 7 is a diagram schematically illustrating another exanpl e of
a conj ugated diolefin production apparatus according to the present
enbodi nment . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ 0014]

An enbodi nent for carrying out the present invention (hereinafter, "present
ermbodi nent ") wipkTAOMEDepKlesKET PhEON | OF NTHE PRt FERREDHEWREVTMENIES pr esent
invention is not limted to the foll ow ng enbodi nent _ and can be carried
out with vaioous] nodi fications made within the scope thereof, [0015] [1]
Conjugated Diolefin Production Mthod The met hod for producing the
conj ugat ed di ol &fn rergerbimiinty far tdee priewe mute rfsdinnaaerith dnyvged:ion a
step of feeding a hydrocarbon containing a nonoolefin having 4 or nore

car bon at onshandinxiigen, (Heresenat t epbodiment fat ekl Al n‘g‘&sb%ocg@%ﬁﬁl?@dt hi s
hydrocar bon and oxygen is also referred, to as "raw material m xed gas") to

a reactor atBoffibda gE2#t t h @W%'yﬁhwwwvse&t%%%n%xi de and a
carrier to produce 2 PLOduEs; 9a%: BY LSASH! 0.EONAANLLY B COqiygay el

out with various modifications made within the scope

thereof.

[0015]

[1] Conjugated Diolefin Production Method

The method for producing the conjugated diolefin
according to the present embodiment includes:

a step of feeding a hydrocarbon containing a
monoolefin having 4 or more carbon atoms and oxygen
(hereinafter, a raw material gas containing this
hydrocarbon and oxygen is also referred to as "raw
material mixed gas") to a reactor accommodated with a
catalyst which comprises a metal oxide and a carrier to
produce a product gas by reaction containing a conjugated
diolefin; and

a step of sending the product gas by reaction to a
quenching tower and washing with a quenching agent,

wherein an organic amine aqueous solution is used as
the guenching agent.

[0016]
In the production method according to the present

embodiment, the conjugated diolefin is produced by



a step of sending the product gas by reaction to a quenching tower and
washing with a quenchi ng agent, wherei n an organi ¢ am ne agueous
solution is used as the quenching agent, [0016] In the production
met hod according to the present enbodi i@nt, the conjugated diolefin is
produced by 13 catalytic oxidative dehydrogenati on of a. hydrocarbon
contai ning a nonool efin having 4 or nore carbon atons. Exanples of the

target conjugalest i %ﬁda&iiwld&fézd%o%e@tti@{ e .a iSRRG R the |ike,

and 1, 3-butadiene is preferred, [0017] (1) Rydrocarbon Raw Materi al
containing a monoolefin having 4 or more carbon atoms.
Examples of the target conjugated diolefin include 1,3-
butadiene, isoprene and the like, and 1,3-butadiene is
preferred.
[0017]
(1) Hydrocarbon Raw Material

The hydrocarbon raw material contains a monoolefin

having 4 or more carbon atoms. Since monoolefins have
only one carbon-carbon double bond, generally monoolefins
are an organic compound that does not have a functional
group, and are a straight chain and/or branched chain
hydrocarbons. Although the upper limit of the number of
carbon atoms in the monoolefin is not strictly limited,
from the perspective of reactivity, an upper limit of 6
or less is preferred. Examples of the monoolefin having
4 or more carbon atoms include n-butene (1-butene, 2-
butene), isobutene, l-pentene, 2-pentene, isopentene (2-
methyl-1-butene, 3-methyl-l-butene), 1l-hexene, 2-hexene,
2,3-dimethyl-butene and the like. One type of the
monoolefin may be used as the raw material, or two or
more types can be used. It is preferred to use in the
reaction a monoolefin that is a ligquid at ordinary
temperatures (5 to 35°C) after gasification using steam
or a gasification apparatus having a heating unit such as
a heat-conductive coil.

[0018]



The hydrocarbon raw material contains a nonooleil having 4 or nore carbon
atons. Since nonool ef ins have only one carbon--carbon doubl e bond,
general Iy nonool efins are an organi c conpound that does not have a
functional group, and are a straight -ch&i n and/or branched chain

hydr ocar bons_ Al t hough the upper |imt of the nunber of carbon atons in the
nonool efin is not strictly limted, fromthe perspective of reactivity, an
upper limt of 6nd HRSSodScdehand efht &4anplRse Pndthedmnael«afiyn having 4
or nore carbon atons ‘i ncl ude n-butene (1-butene, butene), isobutenentene,
2- pent ene, hgoeegtEngh(%urﬂeyhybﬂndxﬂﬁﬂﬂary}mﬂﬁﬂuﬁekmbuﬂene), 1- hexene,

2- hexene, 2,3-dinethyl-butene and the |like. One type of the nonoolefin my
be used as theusapiabteradk, ppodiad o#nnbe eusgpeSoranhdehydedcaripons
preferred to use in the reaction a nonoolefin that is a liquid at ordinary
t enper at ur esaySmabe85€) . afBxaamulass faft dtydrpassiian stavamadred aglasihiatat i on.
apparatus having a heating unit such as a heat-conductive coil, [0018] /4
- The hgdrbearbed iawludeeri BESHdeslnbrafbé@ssaPPFY RAAVR1BSRI §H
purity. An arbitrary m xture or an. industrial grade product can be used
for the hydﬁ&ééﬁﬁéhngaﬁpﬁﬁﬂéﬁpﬁlfrE%aﬁpFésfBFcﬁgaPoEﬁgﬂBﬁe a®®riterial s

that can be_used .i ncl ude a. rgs'dual fiaction (EEB) obtain dfb xtracting
but adi ene f PERFRIVER %FS@tPBH EdeBXEB 4818 Byp 8ug?sﬁ§Bﬁ$naﬁ%F§50n

| ysi i dual _f i EBB i h ti
Lobut ene, (REGA PREELRSA. o5 SHOCB Ao barr Bauer LG  ur o chal yt1 ¢

o her LT Seh Rl RCLEOLBUI LROLT B0B, Bhulhe riBR HRlia EaeLh gB 00t ol e n

further separatin ut'ene, racti on obtained by dehydrogenation

or oxidative. dehydrogenali B Qkthubulifneradhdohle o&4 thieackisauaht ai ned by
catal ytic conversion of n-butene obtained by dinerization of ethylene,

et hyl ene, orreidhanel ok inke Bsifduehelr acbaen tabbaiiredudynkyr ther c4
separating i sobutene. The isobutene can be separated by skel etal

i soneri zat i @racseloecidbra iadsoigt idehy ddioeniazainowramd itdede ivieke of

methyl -tert-butyl ether (MIBE), ethyl-tert-butyl ether (ETBE), or n-butene
by reacti ng dsittylirtogsutaylioraladomolbutEREA), emdarbel dhdirdsdsed optaimadt ati on
reaction. As the ethylene, ethylene obtained by naphtha pyrolysis, ethane
pyrol ysis, &Y dethpdivatliconr Bfveatsiaolofc & he aise PP & Gtk Kot hanol |

i ndustrial ethanol and bi omass et hanol
dimerization of ethylene, ethylene, or ethanol, or the

residual fraction obtained by further separating
isobutene. The isobutene can be separated by skeletal
isomerization, selective adsorption, dimerization and the
like of methyl-tert-butyl ether (MTBE), ethyl-tert-butyl
ether (ETBE), or n-butene by reacting with t-butyl
alcohol (TBA) or an alcohol based on a hydration reaction.
As the ethylene, ethylene obtained by naphtha pyrolysis,
ethane pyrolysis, or dehydration of ethanol can be used.
As the ethanol, industrial ethanol and biomass ethanol
can be used. Biomass ethanol is obtained from a plant
resource. Specifically, examples include ethanol

obtained from fermentation of sugar cane, corn and the



can be used. Biomass ethanol is obtained froma plant resource.
Specifically, exanples include ethanol obtained fromfernmentation of sugar

cane, corn and the - 15 |ike, and ethanol obtained fromligneous resources
such as scrap wood, thinnings, rice sttdw agricultural crops and the |iKke.
[ 0019] From t he perspective of conjugated diolefin productivity, the

concentration of the nonoolefln in the raw material is, for exanple, based

on 100% by valdime of dihiedaw JBtenial foed i9a% kentaidhingal deast the
nmonool efin and air, preferably 2% by volunme or nore, and fromthe

perspect i veyHfsstpressd NG Hithimad anddheteatl veini qiehatzablar o3 by

vol unme or less. Mire preferably, the nonoolefin concentrationis 3 to 25%
I n vol une. did tdree mMoingol efin concentration in the remmterial is high,
accunul ati on of the reaction product tends to increase, coke deposition
tends to i npr@EEle, and the catalyst life tends to decrease due to catal yst
deactivation, [0020] The raw material m xed gas may al so incl ude
paraffin, water Fromedine pedspgetivei ofogen]ugaitledn ddicdgifd®, carbon nonoxi de
and the |ike. Exanples of paraffin include nethane, ethane, propane,

but ane, peRERBICHEK NS, HEptREeHENOn afd HvhairoFaiiierin dheer t he
but adi ene, which is the target product, has been separated fromth
reaction prictficdietelidledst: af Part*BPthe RAihAed a%[ 3‘% R e C?écycl ed

back to thetl‘];el ullagv\lr Zmeadtebre:fjail rrr?ia}%c?rg‘as containing at least the

monoolefin and air, preferably 2% by volume or more, and
from the perspective of suppressing the load on the
catalyst, preferably 30% by volume or less. More
preferably, the monoolefin concentration is 3 to 25% by
volume. If the monoolefin concentration in the raw
material is high, accumulation of the reaction product
tends to increase, coke deposition tends to increase, and
the catalyst life tends to decrease due to catalyst
deactivation.

[0020]

The raw material mixed gas may also include paraffin,
water, steam, hydrogen, nitrogen, carbon dioxide, carbon
monoxide and the like. Examples of paraffin include
methane, ethane, propane, butane, pentane, hexane,
heptane, octane, and nonane. Further, after the
butadiene, which is the target product, has been
separated from the reaction product, at least a part of
the unreacted butene may be recycled back to the

fluidized bed reactor.



- 16 - [0021] (2) Reactor The conjugated diol efin production by

catal ytic oxidative dehydrogenation of the hydrocarbon containing the
nonool efin having 4 or nore carbon atonms can be carried out by enploying a
fluidi zed bed reactor, a fixed bed reag¢for, or a noving bed reactor.
Preferably, the reactor is a fluidized bed reactor. [0022] The
fluidized bed reactor has a reactor, a gas disperser provided in the
reactor, anrpdsertion material for maintaining the fluidized state in a
good condition, and a cyclone as nmain constituent elenents, and is
configured sp) thadciEo€cat al yst pre-accommodated in the reactor conmes into
contact with a rammaterial gas while being nade to flow by an air current.
Al t hough any f | uitth zedh-herh teehctiarl eddsc rddeethdin drhéyFlasitdilzsgd Bed Handbook
(published by Haifukan Co, Ltd", 1999), for exanple, can be used, a-

bubbl i ng f | okddzetvdedehypecgeaat bon i espechvdiycaupernbtentaHel k@ at
generated in the reaction can be renoved usingba cooling pipe inserted into
t he react or th¢ 0oeBPol8F iR 0@ ©opdi BPBHRsCarbon al R reAard®dn cont ai ni ng
a nonool efin having 4 or nore_carbon atons_and_oxygen. are used_in éhe
reacti on. AFRRBUGR AVE P¥ %@%wyn@s%dfé%l%zwya% BT LRYr a2 ght¥e

bed reactor, or a moving bed reactor. Preferably, the
reactor is a fluidized bed reactor.
[0022]

The fluidized bed reactor has a reactor, a gas
disperser provided in the reactor, an insertion material
for maintaining the fluidized state in a good condition,
and a cyclone as main constituent elements, and is
configured so that a catalyst pre-accommodated in the
reactor comes into contact with a raw material gas while
being made to flow by an air current. Although any
fluidized bed reactor described in the Fluidized Bed
Handbook (published by Baifukan Co., Ltd., 1999), for
example, can be used, a bubbling fluidized bed type
reactor is especially suitable. The heat generated in
the reaction can be removed using a cooling pipe inserted
into the reactor.

[0023]
(3) Reaction Conditions

A hydrocarbon containing a monoolefin having 4 or
more carbon atoms and oxygen are used in the reaction.

Although air is usually used as an oxygen source, a gdgas



havi ng an i ncreased oxygen concentration produced, for exanple, by m xing
oxygen and air, or a gas having a decreased oxygen concentration produced,
for exanple, by mxing air with an inert gas such as heliumor nitrogen,
can al so he used. The nolar ratio of -t b8 nonoolefin relative to oxygen is
preferably, in terns of nonool efin/oxygen, 0.4 to 2.5, and nore preferably
0.6 to 2,1. If the nolar ratio of the nonoolefin relative to oxygen is 2.5

or less, degradalion olctdiesdy aduend, cohidaated diplgidddendsdo be
suppressed, and 1f this nolar rati©o is 0.4 or nore, the reactivity of the

monool ef i n &:ensid 0 e thipiy esheydd024]d Bier Medhod Ja8 Hatiregduci ng the

hydr ocar bon contai ning a nonocl efin having 4 or nore carbon atons and the
oxygen i nt cdddeed eadt@tyden Nodnddmi tadh orA gasiwont ai fumgetdwe y,drioear bon
cont ai ning a nonool efin having 4 or nore carbon atons can be pre-m xed with
air or a gasiiiawy rgyimanwiticraasetkeoxygen sorced rlaliom anditheogaesul t ant

m xture can. be introduced into the reactor accommodated with a catal yst,

or the respewtiaksqgayesuseh. b&henmadduced tilwdiofi ddigl mpnopdetfiar | a net hod
that introduces the gases used in the reaction in the above-described ratio
i s preferrelati e i ORyIet t houjie s BimpetattfEndfO% he gases used in
the reaction caqhgf i ncreased to a.$redeter 1 ned react%on tenperature after

i ntroduct i PR HY PEEE0r, Otd ©F 17 oY RFT P EHPPES Feact? on

conti nuously,. th ases .are usual | reheat ed .a t hen i,ntroduced into
t he reaCtorz’%OO ]t e molar réilo d% %he monoolé%%n rélatlve %o

oxygen is 2.5 or less, degradation of the produced
conjugated diolefin tends to be suppressed, and if this
molar ratio is 0.4 or more, the reactivity of the
monoolefin tends to be improved.

[0024]

The method for introducing the hydrocarbon
containing a monoolefin having 4 or more carbon atoms and
the oxygen into the reactor is not limited. A gas
containing the hydrocarbon containing a monooclefin having
4 or more carbon atoms can be pre-mixed with air or a gas
having an increased oxygen concentration, and the
resultant mixture can be introduced into the reactor
accommodated with a catalyst, or the respective gases can
be introduced individually. Further, a method that
introduces the gases used in the reaction in the above-
described ratio is preferred. In addition, although the
temperature of the gases used in the reaction can be
increased to a predetermined reaction temperature after

introduction into the reactor, to efficiently perform the



The reaction tenperature is preferably set to 300 to 420C. |If the reaction
tenperature i s 300C or nore, nonool efin conversion tends to occur easily,
while a reaction tenperature of 420C or |less tends to enabl e conbustion
deconposition of the produced conjugatéé diolefin to be kept at a | ow
level. A nore preferred reaction tenperature is 300 to 400C, and especially
preferable is 310 to 390C. Since the conjugated iolefin production reaction

I's an exot heg i€ 5:2acthOMhubiestal | Yohdieatlgd sed elmy ad &0l Ihairdieadedper at ur e
is at the preferred reaction tenperature. The reaction tenperature can al so

be regul at eghd ot Méh i M- #heu eb@VveEn B8 Setie bashstemge by renoving the reaction
heat with a cooling pipe or supplying heat with a heating apparatus, [0026]
The reacti onpopeepsure can be set to a slightly pressurized condition to 0,8
MPa. A contact time between the raw material m xed gas and the catalyst is

0.5 to 20 (sec. glox)rearid g efenabiatra o sl@Pyesfexpldld) .sethexofttadiotine is
defi ned based on the follow ng equation. [Equation 1] Contact Tine
(g.secicc) 4282 TfEthesSxedchCod+iehpe3abyrediE2398. C5oFMKFel, 325

monoolefin conversion tends to occur easily, while a
reaction temperature of 420°C or less tends to enable
combustion decomposition of the produced conjugated

diolefin to be kept at a low level. A more preferred
reaction temperature is 300 to 400°C, and especially

preferable is 310 to 390°C. Since the conjugated

diolefin production reaction is an exothermic reaction,
usually, heat is removed so that the temperature is at
the preferred reaction temperature. The reaction
temperature can also be regulated to within the above-
described range by removing the reaction heat with a
cooling pipe or supplying heat with a heating apparatus.
[0026]

The reaction pressure can be set to a slightly
pressurized condition to 0.8 MPa. A contact time between
the raw material mixed gas and the catalyst is 0.5 to 20
(sec.g/cc), and preferably 1 to 10 (sec.g/cc). The
contact time is defined based on the following equation.
[Equation 1]

] W X3. BX273. 15X%X (PXx1000+101. 325)
Contact Time (g-sec/cc) = (

FX(273, 15+T)x101. 3265



wherein Wrepresents the catal yst anount (g), F represents the raw nmateri al
m xed gas flowrate (NL/hr, based on NTP (value based on 0OC, 1 atm), T
represents the reaction tenperature ('C), and P represents the reaction
pressure (MPa@G . [0027] By bringi hg the catal yst and the raw materi al
m xed gas into contact with each other in the reactor, a conjugated
diolefin corresponding to the nonoolefin is produced. Since the selectivity

and/or yield of \theRroguciderentd @Rt RethaysmBLABLALS (gGat al yst,
reaction tenperature and thée like, these conditions nmay bé appropriately

set so thatrdgwecsdredd e/ @iw seleatian i-aie gLeffardwedaal ues./Hor exanpl e,
if the nonoolefin is n-butene, the main product is butadiene, while if the

nonool ef i n BssdsapentEnevdhe MdePrRduct,i s bsanene. r¥heasksebut ene
contacts with the catal yst for conjugated diolefin production, for exanple,

met hacr ol eithe netd@aciom itengod htwarel @cnet bybd- #- reprgtehteyehehexene, whi ch

is an adduct of netbacrolein. and butadi ene, are produced fromthe

i sobut ene. N¥RTE I R BESS e WHRAR)i s produced by separating i sobutene from

BBB, as the hydrocarbon raw material, a small anmount of isobutene usually

renmai ns evelP&tler the separation step. Therefore,

4-met hyl -4-formyl- li#—c cl.ohexene and_net hacrol %I n are al so .produced when

BBSS i s used for% k& A AWYREt BRIt nergPrh 8P E et Rde T4 XHEL hyl - 4-

fornyl -i-cycl ohexene is produced by .an addit.ion.reactign of butadi ene and
hacr of el T T Nyt

e
met hacr ol ei F7° pFoductTdHof % A RS it -1HT S BheXend means that the

recovery r aéér%@g}atpéﬁ a@i&i@fﬂ?cégxq}eesspor{cplqggslto the monoolefin is

produced. Since the selectivity and/or yield of the
product depend on the raw materials, catalyst, reaction
temperature and the like, these conditions may be
appropriately set so that the yield and/or selectivity
are preferred values. For example, if the monoolefin is
n-butene, the main product is butadiene, while if the
monoolefin is isopentene, the main product is isoprene.
When isobutene contacts with the catalyst for conjugated
diolefin production, for example, methacrolein,
methacrylic acid, and 4-methyl-4-formyl-1-cyclohexene,
which is an adduct of methacrolein and butadiene, are
produced from the isobutene. When using BBSS, which is
produced by separating isobutene from BBS, as the
hydrocarbon raw material, a small amount of isobutene
usually remains even after the separation step.
Therefore, 4-methyl-4-formyl-1l-cyclohexene and
methacrolein are also produced when BBSS is used for the

hydrocarbon raw material. Further, since 4-methyl-4-



(4) Quenching Step The net hod for producing the conjugated diolefin
according to the present enbodi nent includes a step of sending the product
gas by reaction to a quenching tower and washing with a quenchi ng agent
(hereinafter, also referred to as "queRABhing step"). [0029] In the
guenching step, it is preferred to use an organi c am ne aqueous sol ution as
t he gquenching agent, and to al so use an aromati c organi c solvent in

conbi nat i ong, By, 1Si NGy @10 1-040d | T W aaNiceS Qv e dduicomi naidanor th the
organi ¢ am ne aqueous sol ution as the quenching agent, a higher purity

conj ugat ed @i ohefdd &3 Hed atamaecbl1d 3G roductidm dhet queeriohi g st ep,
for exanple, the product gas by reaction is sent fromthe bottom of the
quenchi ng t pyeiyl 01 acgtesicdiage seednonchandhe sescapensialele hef quenchi ng
tower Since an organic am ne aqueous solut o and an aromatic organic

sol vent (hebetadfére dtcsveaséerred to as "aromatic solvent"), for exanple
are sprayed in the quenching tower, the product gas by 21 reaction is
washed by codPBglinto contact with the organic ani ne aqueous sol ution and
the aromatic solvent, and then ran out fromthe top of the tower. Due to
thi s washi n§4) f ereegbipPeSteRacti on byproducts in the product gas by

ot aF e 1 omoyBeE IIETRSLoreA rFSHTHE or i SRR hUSOUE. ¥01 Ut on and”
Lhe af Ol 5 3BRAEL 200, FEoCh LU Ll ASnghOe0he,BHbi%s EoLosaampl e

sending the product gas by reaction to a quenching tower
and washing with a gquenching agent (hereinafter, also
referred to as "quenching step").
[0029]

In the quenching step, it is preferred to use an
organic amine aqueous solution as the quenching agent,
and to also use an aromatic organic solvent in
combination. By using an aromatic organic solvent in
combination with the organic amine aqueous solution as
the quenching agent, a higher purity conjugated diolefin
can be obtained.
[0030]

In the quenching step, for example, the product gas
by reaction is sent from the bottom of the quenching
tower to a quenching section, and rises up inside the
gquenching tower. Since an organic amine aqueous solution
and an aromatic organic solvent (hereinafter also
referred to as "aromatic solvent"), for example, are

sprayed in the gquenching tower, the product gas by



boi li ng point organic acids, aldehydes, and. ketones, such as acetic acid,
nmet hacrylic acid, naleic acid, crotonal dehyde, and nethyl vinyl ketone, are
removed fromthe product gas by reaction mainly by dissolving in and
reacting with the organi c am ne aqueeuglsel ution, and conpounds w th high
boiling point, such as benzoic acid, are renoved, fromthe product gas by
reaction mainly by dissolving in the aromatic solvent. [0031] In the
conj ugat ed diolefd.p 1 QUG O P SRR UHG Rddaldey & idehydrogenation, in
addition to the main reaction of producing a diolefin froman olefin, for
exanmpl e, begase d heniradd@bds XNialdny &nd tHede vRraticokdiresaeds in
whi ch oxygen-cont ai ni ng conpounds such as organic acids, aldehydes, and
ket ones ar earpd atisredraranghita Seeonday yeoeass itdie preeeedsbus whi chikhe
produced diolefin and side reaction products serve as reaction raw

mat eri al s. vEsgieioial | fomteramsliang BESS ifor ypro@:ts riaw tist gruagyct he main
reaction, side reaction, and secondary reaction proceed in a nore conpl ex
manner thargashery ustanfion y shdutasheondeati has i carddgieitdnss fad a raw
material. This is due to the fart that since BESS is a m xture mainly of
hydr ocar borZOHRaMTIHE 37kt Srict domnl Hivho o arge drifitedbohydr ocar bons
that can serve as reaction raw naterials is present, so that c ared with
when usi ng GriSPRIHH erfe tiMatCTRAF G gh 3HGRYS o?ojt%%\ﬁr}fﬁt Gal, a

et i on pr UG S R G cre ek S i i T UM M0 SEdary

reaction pr C t wee t adi e ,si de action
products. é%r%??@%%t%@ﬁcé%(%%a%%&e&gekﬁ&%%%n%% oﬁ{elgn:k/%v(fvi ng multiple
Ki nds of hygs-ocay ; i dé%cq{mm%e it i idi i nt
from side )r/kgejcécti oé;gé&alﬁﬁsét’%éleaﬁa?er solubiTity oféMt h%@e]gécktcig}%né 'b;%%%guct S

tends to beyd awedM32did, metix@Rples Lid henLoimongsi s, that are produced
when a hydrocarbon raw material from which i sobutene has not been

conpl et el y ¢&emovedl, dstiede asaBEST: thpl usity T adtetidiee § aarerat @fidadd of rdhe
conjugated diolefin include 4-nethyl 4-fornyl-1-cycl ohexene, nethacrolein,

met hacryl i ctlaeighahdett head i ke . rfoongont hesieylwhen dueswhv g the grdduct gas
by reaction using a quenching agent (e.g., sodium hydroxide aqueous
sol ution) of¢rRet it iviEm orlgandedam neanmeasuedlwt $oHItIoke 38d napht ha
pyrolysis, the 4- . . o . . .
compounds with high boiling point, such as benzoic acid,
are removed from the product gas by reaction mainly by
dissolving in the aromatic solvent.
[0031]
In the conjugated diolefin production by catalytic
oxidative dehydrogenation, in addition to the main
reaction of producing a diolefin from an olefin, for
example, because the reaction is oxidative, a side
reaction proceeds in which oxygen-containing compounds
such as organic acids, aldehydes, and ketones are
produced, and a secondary reaction proceeds in which the

produced diolefin and side reaction products serve as

reaction raw materials. Especially when using BBSS for a



- 23 nmethyl-4-fornyl-1-cycl ohexene and nethacrol ein contam nate the product
but adi ene as inpurities wthout being sufficiently separated. The present

i nventors thought that this contam nation of 4-nethyl-4-formyl-1.-

cyci chezene and nethacrolein is due, -t@d2the conpatibility between these
reaction byproducts and the butadi ene and conventionally used purification
solvent. Further, since the present inventors discovered that

4-met hyl-4-fof Wé%éxﬁﬁ’&iph@:&@r}ﬁ‘aﬂ?dré@éﬁ%,mﬁdb acda @si dnit adiene

pol ynerization 1nhibitors, the present inventors thought that the
purificati ogesohy fé’éc@i&ﬁﬂlf}#é@eé&ltﬂdiaﬁﬁﬁaﬁé\%&mbl@c sedreodedHyn f ocusi ng
on especially the affinity with these reaction byproducts. To resolve such
a probl em When phiesent om Dy entiolSetk Scloveriets thatanten aksomg fohyalr ocar bon
raw material from which i sobutene has not been conpletely renoved, such as
BBSS, for thewrmastent®ri alThifs tite dvenjtugathed fdicdl efhiat, simeecudBSE isn
organi ¢ am ne aqueous solution as the quenching agent of the product gas by
reacti on has aigoede effectyi of reydvdargrdonet hyMing f driy 15 1C&YRPBhexene
and/ or met hacrol ein. [0033) On the other hand, benzoic acid, phthalic
aci d, phenoftoBenzapherdneamOunt yef cABRECEHEPPRE Fike &R FOTVE AP xture

i ke HESS, but are reaction b%products W th high boilinﬁ@Boiné @roﬁuced
even when arRBAbLPBRfFAY| MRECHBALENES | BYGSRAT al BReFRF THEPAYTET o¥aFBon raw

terial. Th ti b duct det d_i i i lid
e o THRER LRGN, BB ROLSA, B b et Bol SERROELE oL
hi t in.th i ; d ; i
quenchi g, SLGR hAcL%,2L0°DLRD L QUEL Dzsgpocl o0l KobecLer BB0oRcrs

| nvent or s d&éC@%@&ﬁeeHha-nEmeaﬁngeggaeogeaex@aedgebaueegeshehcagnnn the
physi cal property that they are Sublinmable. Accordinaly, to renove these

reaction byproddetsonthomihiecBepbenaeEl ¥8d0keEeRBY RO rBY cdisgol ution in
addition to quénching with an organi c am ne aqueous sol ution, the present

i nventors thewghttchaktacguentbi Rgragenbuhadipgeeuend hakt eideonpatibility
in dissolution with the byproducts should be selected. Specifically, the
present i nveerbeortdodi perodeced .t ha¢nahehl pr odaics higt &c conjdeated di ol efin
using as a raw material a hydrocarbon raw material_ that includes n-butene,
such as n- bdedydrege¢nBBISn Byvedivigoamuatérati &iedgamitc NyErPERELORSadditi on
to an organi c am ne aqueous solution for _the product gas hy reaction
quenchi ng a@@ﬁﬂ}ya@r@%ﬁééﬁ SPMPORBHEN i 1EEa EL96N POV I Edu LI W (M gh

boi ling point that are sublimable, such as henzaqi.c acid, .phthalic acid,
phenol , benZoptfedGAE Tt 1aRE 1980 Gﬁgn& ST &R %%ﬁ%% 0 th%hgqﬁq%}%ﬁui

anount of the b ogycts nd.not, only on the raw materials, but also on
t he cat al yst]O ﬁyﬁug ¢t itoer?%ﬁsg%& tbleonlso(a’s'uch as the tenperature and pressure,

and. the opt#ﬂ%ﬁhquenching agent will vary based on the conposition of the
bypr oduct s. erefore, the know edge of selecting the quenching agent from

the perspective ef.gprRat bli khky cblponents that are produced when a
hydrocarbon raw material from which isobutene has not
been completely removed, such as BBSS, is used for the
raw material of the conjugated diolefin include 4-methyl-
4-formyl-1-cyclohexene, methacrolein, methacrylic acid
and the like. Among these, when quenching the product
gas by reaction using a quenching agent (e.g., sodium
hydroxide aqueous solution) other than an organic amine

aqueous solution, like in naphtha pyrolysis, the 4-



- 25 - dissolution wth the conponents to be renoved is very useful in
industrially carrying out conjugated diolefin production, (00341 I n
t he net hod for producing the conjugated diolefin according to the present
enbodinent, it is preferred that the-wdhdrawn |iquid fromthe quenching
tower contains at |east one conmpound selected fromthe group consisting of
4-mettyl-4-fornyl-1-cycl ohezener nethacrolein, nethacrylic acid, benzoic

aci d, acetiyafid.s AMC ACL1 M AR WAL RERASH T of these. 1T the
wi t hdr awn quuiJ’fron1t e quenching tower includes such a conpound, the

obt ai ned. caigeated ditdlefddiag ddtighemndwd tiwpRurdikey widthdute present
enbodi nent, the withdrawn l'iquid fromthe quenching tower includes not only
the |iqui d Bdiatg i itdickrevmy, faepadtdiedhot ram piekbatt aneentbewer bottom
liquid), but it the interior of the quenching tower is forned froma
plurality ofhseit arisst allsics tdwntandiact iwrt ki swwmeftrlgn eadivsedi4lon, [ 0035]
From the perspective of efficiently bringing the quenching agent into

cont act w t¢valmhereotucindaee e gwactinon,s idud $ridgierqawatiarl tiie
quenching tower is a nultistage quenching tower_ having two or nore sections
in its interetoreemidiafft e PFrEfIaBIRPURIHGE ke Mibradisq iaks. In the

quenchi ng tower, the qyenchiqg agent, wi t hdrawn at each se%ﬁion i, sprayed
as a CircuI%HQYﬁFtlona ly used purification solvent. Further, since

the present inventors discovered that 4-methyl-4-formyl-
l-cyclohexene and methacrolein act as butadiene
polymerization inhibitors, the present inventors thought
that the purification solvent for purifying butadiene
should be selected by focusing on especially the affinity
with these reaction byproducts. To resolve such a
problem, the present inventors discovered that when using
a hydrocarbon raw material from which isobutene has not
been completely removed, such as BBSS, for the raw
material of the conjugated diolefin, the use of an
organic amine aqueous solution as the quenching agent of
the product gas by reaction has a good effect in removing
4-methyl-4-formyl-1-cyclohexene and/or methacrolein.
[0033]

On the other hand, benzoic acid, phthalic acid,
phenol, benzophenone, 9-fluorenone and the like are not a
mixture like BBSS, but are reaction byproducts with high
boiling point produced even when a monoolefin like n-
butene is used alone for the hydrocarbon raw material.

These reaction byproducts are detected in microscopic



26 - liquid onto a portion above the w thdrawn position to cool the product
gas by reaction and renove the reaction byproducts, and then the resultant
liquid is withdrawmm as the withdrawn liquid fromthose respective sections.
On the other hand, the product gas by Béaction. containing the conjugated
diciefin (e,g,, butadiene) running out fromthe top of the quenching tower
is sent to the followng step. It is preferred that organi c am ne aqueous

solution in b4 Pl @05 GUEREPL DTG RSN b Sp 18k Uedetohant hen quenchi ng
t ower aftersﬁgfﬁgb%%glgd,sand t hen re-spré%%%.ﬁ?t ?EQ%ISO preferred to

adj ust the tegper abul 8wohgt FBe agQEREH En§ ObV@HT ih Nthdequeh it guenchi ng
agent to roomtenperature to 70C based on the boiling point, solubility,
and subl i mabi;onepegpenly pértbemangnatpert Bacht donbypsodostsheSimilar to
the organi c am ne aqueous solution, it is preferred to return the aromatic
sol vent to bheadilenehi repdaern ,thaa ftdwn rEsprasesant Furtdidrqrs o reduce

t he burden of the inert gas degassing operation in the bel owdescribed
purificati ofisteperet tbapreheseedesotcont PuProfBchbat Navegas teWpefat ure of
the quenching tower to_a suitable tenperature. For this control, it is

ef fective t6heophyeheadr BEAPET AN hBaAqLBBYS2E8I GEPOATFRLENe quenchi ng agent
to a suitable tenperature before se-s i %nd tgen feed_t he cool ed

o
sol uti on t oRERCUPPBE LYt a§e BFMPKE EU@E%?¥%ggFBﬁBr.yﬁfo REESpof AP™ t he

t t f th i i L uti I t rolsl. tQ 60C
e A bne B rErEranFy O ERE T g By o R Bopg Lo Bn” 2Ry e inan e g
t tlet t. . i ] ; . , f bl

b the rangg SnE AP EREN 5 bE gBRTE, At S AluElk, B R T ovi ded

with, for e?&@%le?rt A nbich3hr UenchiRg LaWer f olicWeshingd sble thhaduely gas by

reaction wi th the organic am ne aqueous sol ution, and a second quenching
tower for washinngepredUchngds iRy 11e3Ctin0a i Wisth utthenakanat ichesol vent . Each

guenching tower nmay al so be a nultistage quenching tower having two or nore

sections i nbyp¥ddiicers @hoyld036] selected. Specifically, the present
inventors discovered that when producing a conjugated
diolefin using as a raw material a hydrocarbon raw
material that includes n-butene, such as n-butene and
BBSS, by using an aromatic organic solvent in addition to
an organic amine aqueous solution for the product gas by
reaction quenching agent, an effect of removing reaction
byproducts with high boiling point that are sublimable,
such as benzoic acid, phthalic acid, phenol, benzophenone,
and 9-fluorenone, can be obtained. The kind and amount
of the byproducts depend not only on the raw materials,
but also on the catalyst and reaction conditions such as
the temperature and pressure, and the optimum quenching
agent will vary based on the composition of the

byproducts. Therefore, the knowledge of selecting the

quenching agent from the perspective of compatibility in



An anount of the quenching agent to be fed can be appropriately set based.
on, for exanple, the type and tenperature of the quenching agent, the type
and anount of the byproducts to be renoved, and the size and nunber of
stages of the quenching tower. In a aoel® +n which the w thdrawn quenchi ng
agent is reused, the necessary anount to be fed can he provided by adding a
new quenchi ng agent in an anount corresponding to an insufficient anmount

provi ded biaddie qenahing ingent S dipused Jdloved 1o W8y Using a

di fferent quenchi ng agent ective stages 1n a nultistage

quenchi ng toysfy1 Sid G g Midihdy awr iy dumERe wdfed Wi 1effian aqueous
phase and an oil phase dependi ng on the conbi nati on of quenching agents, it
is preferraskddusepaate the aqueous phase and the oil phase in the
withdrawn liquid with a decanter prior to feeding the withdrawn |iquid
back to the[apseriching tower. For exanpl e, when using an organic am ne
aqueous solution and an aromati c organic solvent in conbination as the
quenchi ng agent Inatpeefethed fode produeihgedheheonijugdicadndipdeifdnt o a
decanter, separate the aqueous phase and the oil phase, and then re-spray
t he or gani ARTEY U s anassrt abadiaenitonsitt domyafierzst Vémt ont o
each stage. [0038] A in-xi:ay nozzle can _be used to spray, the

quenchi ng dg&htYi e affb untI4ie e Spridife EUSRFRINY Matser S HfSarffenent  of
spr?y POEZIteS can{Eee a ror%at | td%gfrq%etg}eion co&zgcgoer%mltsif on ofooﬁt]he .
cont ac et VR q‘“tfg‘%@# IR T | , an

t he anount 4oj[?é)crl_gydlu_c4t_ as by reaction ta be ms%r}:[lacﬁ%loevirgri ng a void tower,
tray, and fillTer4n eac Settion o e guenching tower is also a preferred

node. it i @El’g%‘gﬁdct gt %H&w&’grﬁﬁ# g%%lg{edl : s, salution

that is fed to t quenching tower is cont as a pH at

ambi ent  t enpey - in il tanikte BHINGCITALATl | aF, taRd Akelesakl y 8 to 10.
The organi ¢ am ne aqueous solution my be fed to the quenching tower as a

sol ution theiqlhias mtdieadye hpemadinstesivd0 ndreded esugined eamsamdation,
or fed by mxing the organic am ne and water before feeding to the
quenchi ng ttdwerobtAsindie arenodh ey atfiesite fisechdora chighdatpwnitwn. t he
Quenching tower and for washing of the product gas by
Further, in the present embodiment, the withdrawn liquid
from the quenching tower includes not only the liquid
that is withdrawn from the bottom of the tower (tower
bottom ligquid), but if the interior of the quenching
tower is formed from a plurality of sections, also the
ligquid withdrawn from each section.
[0035]
From the perspective of efficiently bringing the
quenching agent into contact with the product gas by
reaction, it is preferred that the quenching tower is a
multistage quenching tower having two or more sections in
its interior, and more preferably having three or more

sections. In the quenching tower, the quenching agent

withdrawn at each section is sprayed as a circulating



29 - reaction, in addition to an organic am ne aqueous solution and an
aromatic solvent, water can also be used in each individual section

i ndependently in the quenching tower. The waste organi c am ne aqueous

sol ution and waste aromatic solvent rnekuding the reaction byproducts

di scharged as a liquid fromthe quenching tower sections can be incinerated
Si nce the waste organi c am ne aqueous sol ution does not contain alkal

retal s thaty can@dentben fhaite oSl Ae | Phendisafh Isbart igieier ator

there is nor danma to the ane resistant bricks. Further, there is

al so the advaynt agiee Obr S EEET 2S5 oy Nr&dk HBRIMNENDf rdIvd e hsethiasiged in
t he conbusti on exhaust gas due to an amine non-catalytic denitrification

effect, a spygabliedcdeNdxd efhest thsorddhal tavast Bidu Ol Us twiadenin i ss
extrenely easy. The waste aromatic solvent can be preferably utilized as a

fuel. [0039the with&xanpl esqoidt fiecnrganse aespect itcd uskecidmes $ach as
nmonoet hanol am ne, di et hanol am ne, triethanol am ne, nethylam ne, ethyl am ne,
propyl ani nethésophepyhanilnethdupyddnt hega s ey bueytahtnecorerinbed yl ani ne,
di met hyl am ne, diethylam ne, dipropylamne, trimethylam ne,

N, N- di net hytbehanoliagihed ALNGe %nyK@t%anob%ﬁ@ﬁé?nﬁghrﬂ?ﬁhﬁgl%Fﬁanolan1ne,
Nmet hvl et hanol am ne, N net hyl di et hanol am ne, Net hyl et hanol am ne,

N- et hyl di et REABI EﬁﬁnEPPnPﬁbEWl EHRRABLRA heWekr w2 bBEYF dF 8t ﬁgﬁol ani ne,

N-tert- following step. It is preferred that organic amine
aqueous solution in the withdrawn guenching agent is
returned to the quenching tower after being cooled, and
then re-sprayed. It is also preferred to adjust the
temperature of the aromatic solvent in the withdrawn
gquenching agent to room temperature to 70°C based on the
boiling point, solubility, and sublimation property of
the aromatic reaction byproducts. Similar to the organic
amine agueous solution, it is preferred to return the
aromatic solvent to the quenching tower, and then re-
spray it. Further, to reduce the burden of the inert gas
degassing operation in the below-described purification
step, it is preferred to control the outlet gas
temperature of the gquenching tower to a suitable
temperature. For this control, it is effective to cool
the organic amine aqueous solution in the quenching agent
to a suitable temperature before re-spraying it, and then
feed the cooled solution to an upper stage of the

qgquenching tower. At this point, the temperature of the

organic amine aqueous solution is controlled to 80°C or



but yl et hanol am ne, and N-tert-butyl di et hanol am ne. Preferred organic am nes
are nonoet hanol am ne, di et hanol am ne, and triethanol am ne, and an
especially preferred organic am ne i s nonoet hanol am ne. The

nonoet hanol am ne, which can al so be us2@ as a carbon di oxi de absor bi ng
agent, is a preferred organic am ne fromthe perspective or renoving
the carbon dioxide that is contained in the product gas by reaction. Since

t hese amin e hi t. o d Vi mNe~gr a
hese am NSl e BId WA ianah PUPUSS I g an ATHIACOTOH pag 8
reaction bypi&hictsy nushe Mng 166t eGld teinpdrhan @ sigRidhtientedl iczat i on
reaction using an aqueous al kali solution such as sodi um hydr oxi de aqueous

sol uti on begguyse t hesam Bes ackrarabhe 9hgaRkCraaLds ¢oBt abngde@s reaction
byproducts as an ami ne to undergo an aci d-base reaction, and act on the

al dehydes amhamadrketline aidtasstedro benducke mErdian tdon dernsaitdeah varttgs an

al cohol to undergo an acetal reaction. [0040] When using an organic
am ne aqueoisr sstanplon as fihestguerohimigiadenter fiamwadshiper dpect i ve of
efficient renoval of 41-nethyl-4-fornyl-1-cyclohexene, nethacrolein,

met hacryl | PERAWt I ZRA it atitd ddidd onganiq @midial aheQufe |ike, it
is preferred that the organic anmi ne concentration in the organic am ne
aqueous sol IRIYNTY B Gy SRGYM BeHBHEI AMURAUGHP R, WatTersr e upper

limt for this.organic _anm ne concentratiqQn does not need to be_ 31 - set
Froma tecHINOR RS ISR RO AT dath G o e R U ~ 6 E098 by

wei ght or less is. preferred. [0041 n. using a conjugated, diolefin
oo O mtien iRy L EE ey e 7 YGRS QSRR et

cycl ohexene, AnC pTc P HAGALE! S s el et thiseLends to becorre a cause

for a deterioration in the polynerization ratio, decrease in the degree of
pol yneri zat j@ghsand an expansion in the nol ecul ar wei ght distribution.
Consequently, it is preferred that the concentration of

4- et hyl - 4- f or makr bneycltokgxens ap@dnweiiiac pejeeith des vésadasaan dendex of the
washi ng effect in the quenching tower. Since the anmount of these conpounds

to be produged cepends] wnsdtheoaont ent 1 aff d10 neseamcb conpPase t tywwe aind he

nonool efin in the hydrocarbon raw material, and on the reaction conditions,
and al so siteeweretamurt Oie tdesecitonpoagrist t otlbe disscv@édamneunthe or gani c
am ne aqueous sol ution depends on the quenching tower operation conditions,
it is diffieklthe P¥peeddgts Heo demcesnoe@iomed the size and number

4- et hyl -4-formyl-1-cycl ohexene and nethacrolein in the withdrawn |iquid

from the redhettddRs skt HomsIVeremENG Ut ng Tove MCYovigt éf2 1 Paddtf on
i nvestigation t he Lgr e%gnt inventors,_if tge t ot aleof t he nt
4- met hyl - 4-¥or W12 "E JETEHEKER P FTACT eht r BT 1 ERT and T Ha® wet Aty of &YW
concentrati ' iC ' 0 uti j f ach
concent oL B0 b0 10 SRS S0 B IS AUFHIGRAL U L0 AL L g e
conpounds hayen amount corresponding to an insufficient amount
provided by the guenching agent to be reused.
[0037]

When using a different quenching agent in the
respective stages in a multistage quenching tower, since
the withdrawn liquid may be a mixture of an aqueous phase
and an oil phase depending on the combination of

quenching agents, it is preferred to separate the aqueous

phase and the o0il phase in the withdrawn liquid with a



been sufficiently renmoved fromthe product gas by reaction. This index was
enpirically derived based on the concentrations of

4- et hy1l-4-formyl-1-cycl ohexene and nmethacrolein in the withdrawn _Liquid
fromthe respective sections and analy8Bs-of the obtained diolefin

pol ynmeri zation product, [0042] Exanpl es of the aromatic sol vent

i ncl ude o-xyl ene, mxyl ene, p-xylene, a m xed xyl ene, toluene,

et hyl benzezﬁecgjl@épyr#%%@g%% 4o GrihiBrdesahydhonapiddialene, cunene,

branched and straig enzenes, pseudocunene and the |iKke,

Preferred afRuethens0l ¥EMSueF € Foty leagp1@, Xwhemne uspnyy kenergandca m xed
xyl ene, and espécially preferred aromatic sol vents are o-xyl ene and

m xyl ene. QagihyPEq@EotHese] af Domtded Soh verdsatniy degyarsed sbbrent aintwo or
nore types may be used in conbination. Perhaps because benzoic acid that is
an organi ¢ achdihasien| aw vt equsotiubhnd i dyentberz gpre berde@asddy ¥ans out
fromthe quenching tower along with the product gas by reaction, and even

i f quenchedtasiagdt tlee oviyandrawni heqaidieowsa sdtcanion: , esePiyabelhei®s to the
pi ng equi pnent in the subsequent steps. However, tne present inventors
exper i nent aktiyecoaf bhaed ehdt thy aiboPhere or WAGEBB N AGSIFER BRCar omati ¢
sol vent, benzoic acid is no | onger detected. The reason for this,is thought
to be becauSEIBBAHZ oPRIBEI ATURAIENSPSUERCAr Biat F RS cORPBAINYC) GE¥T ke the
aromatic solvent, is effecthvel di ssolved - 33 -- and renoved fromthe
product gasSByVFBEcPI'6R GGE tﬁt%g9rng a. high conpatibility in dissolution
with the ar?g%gg? solvent as a result of a strong .7c- electron

A spray nozzle can be used to spray the quenching
agent. The amount to be sprayed and the number and
arrangement of spray nozzles can be appropriately
determined in consideration of the contact between the
guenching agent and the product gas by reaction, and the
amount of product gas by reaction to be sent. Providing
a void tower, tray, and filler in each section of the
gquenching tower is also a preferred mode. It is
preferred that the pre-washing organic amine aqueous
solution that is fed to the quenching tower is controlled
so that it has a pH at ambient temperature of 7 to 14
during circulation, and preferably 8 to 10. The organic
amine aqueous solution may be fed to the quenching tower
as a solution that has already been adjusted to a
predetermined concentration, or fed by mixing the organic
amine and water before feeding to the quenching tower.

As the quenching agent used for circulation in the

quenching tower and for washing of the product gas by



interaction between aromatic rings. It is thought that there is a simlar
renmoval nmechanismto benzoic acid for aromati ¢ conpounds such as phthalic
aci d, phenol, benzophenone, and 9-fl uorenone as these conpounds are renoved
fromthe product gas by reaction by washing with an aromatic sol vent.

[ 0043] Since the anobunt of aromatic reaction byproducts, such as benzoic
acid, phthalic acid, phenol, benzophenone, ' and 9-fl uorenone to be

d d ' d it s [ f th
roduoet, vaF4gS, fapen i an e ongentiabin andsumasti on o (he

nonool efi ns | 'hy on raw mat erial . n condi tions,

and since the amutadd [e HiantlveddiRdie A8 iGN bahsevari es
dependi ng on the quenching tower operation conditions, it is difficult to

speci fy t hejgancantiatiwnnell tdethienz dirgadimfenttyhald earcighendtengy)
benzophenone, 9-fluorenone and the like in the withdrawn liquid fromthe
respective ts®edd onghien whlae eqeegehiiag amanwer aghevexesplbased and

i nvestigations by the present inventors, if the concentration of benzoic
aci d, whi clwastd heromws i cosgporsert janonglitthe tdreonmmta ot raeadtimmodygirsoduct s
running out fromthe quenching tower, in the aromatic sol vent w thdrawn
from each sdcadlmrdesd SEO ppradyidingm tdre mranching frpvsy darifi®d t hat
the aromatic reactjon - 34 - byproducts, such as benzoic acid, phthalic
aci d, phenodfal gehZgpherime: ehnd SoRCrUGHENYRE L ChRFEPeEn 28X F cient | y

renoved fromthe product, gas. by reaction. [00
aqueoué)solutiéh does not conta%n ;¥ﬂali metals that

corrode the flame resistant bricks used in an incinerator,
there is no risk of damage to the flame resistant bricks.
Further, there is also the advantage of a decrease in an
amount of NOx to be discharged in the combustion exhaust
gas due to an amine non-catalytic denitrification effect,
a so-called deNOx effect, so that waste liquid treatment
is extremely easy. The waste aromatic solvent can be
preferably utilized as a fuel.

[0039]

Examples of the organic amine include amines such as
monoethanolamine, diethanolamine, triethanolamine,
methylamine, ethylamine, propylamine, isopropylamine,
butylamine, sec-butylamine, tert-butylamine,
dimethylamine, diethylamine, dipropylamine,
trimethylamine, N,N-dimethylethanolamine, N,N-
diethylethanolamine, N,N-dibutylethanolamine, N-
methylethanolamine, N-methyldiethanolamine, N-
ethylethanolamine, N-ethyldiethanolamine, N-n-

butylethanolamine, N-n-butyldiethanolamine, N-tert-



General ly, the quenching tower is connected to the reactor wthout pressure
adjustnent, so that its pressure is alnost the sane as the reactor

pressure. Therefore, to optim ze the reactor pressure, the guenching tower
pressure is preferably 0.01 to 0.4 MPaG0 nore preferably 0.02 to 0.3 MPaG
and even nore preferably 0.03 to 0.2 MPaG [0045] In the nmethod for
produci ng the conjugated diolefin according to the present enbodi nent, it

| s preferrag?égf%%ﬂgﬁoﬂﬁﬁﬁﬁgingn& B e PaSo @ Pl @l hd o imMmes i cal secti ons.

A case in e quenching tower has a plurality of vertical sections

wi | I now bepdesctibgdot§afiDl Caflhal | aib o & €6 Eahind he drawi ngs. [0046]
FIG 1 illustrates an exanple of a quenching tower 2 used in the nethod for

produci ng t§eceRBhYURhele (i ghef t A ecrondi ngiteo, tied piesenbeeldddy ment . Thi s
quenching tower 2 is an exanple that has two sections, in which a chimey.
21 is fittegrepethednbddherist agénantsthendaohsect anise ar €'tfeor med above and
bel ow the chimey 21. packed bed 22 is provided above the chimey 21. An

or gani ¢ an menagukauslanlinei onhishsprayatsasbehesed 35 a gaehehi ng agent
froma spray apparatus 23B arranged bel ow the chimey 21 and a spray
appar at us 28Acaifangbdoabdue afenpackedabegeforred organic amine

also from the perspective of removing the carbon dioxide
that is contained in the product gas by reaction. Since
these amines are bifunctional compounds having an amino
group and a hydroxyl group in the molecule, it is assumed
that the amines remove the reaction byproducts much more
effectively than a simple neutralization reaction using
an aqueous alkali solution such as sodium hydroxide
aqueous solution because the amines act on the organic
acids contained as reaction byproducts as an amine to
undergo an acid-base reaction, and act on the aldehydes
as an alkali catalyst to induce aldol condensation or as
an alcohol to undergo an acetal reaction.

[0040]

When using an organic amine agqueous solution as the
quenching agent, from the perspective of efficient
removal of 4-methyl-4-formyl-1l-cyclohexene, methacrolein,
methacrylic acid, benzoic acid, acetic acid, acrylic acid
and the like, it is preferred that the organic amine
concentration in the organic amine aqueous solution is
10% by weight or more. Although a preferred upper limit

for this organic amine concentration does not need to be



[ 0047] The chimey 21 is open at a mddle portion. A weir protruding

upward is provided in this open portion. As illustrated in FIG 1, the
sprayed quenching agent accumulates on_a. tray arranged integrally on the
chimmey 21 (hereinafter, illustration ét the quenching agent accunul ated in

t he quenchi ng tower will be omtted), and runs out to a circulation path.
The sprayed quenching agent al so accunul ates at the bottom of the tower,
and. runs at tfirde deaildEidgn featdpedtache offridie glenrehiong agents is fed
to the spray apparatuses 23A and 23B via. punps 24A and 24B for recycling.
A filler i vpmdettive t B packetigd 22 lAts« hes pacfedrdsed 22, the

quenchi ng aPent and the gas are efficiently brought into contact with each
ot her whi | elMi4idering t he agent and the gas fromgoing pat each other. The
type of filler is not especially limted. Exanples that can be used include
known fillers, hHeR §§1R§s@h|0§>nr3uﬁg§edc§é@é@€lﬁ A§s2d ZAY PaGETriPAgs, The
packi ng net dIS al so not eC|aII Ilmted and gbe carried out in a

regul ar or i% rleeg'iﬂrhr I"rfh 1[}?ﬁ)48"] LR e y-Teaction running

out fromthe re ctor S roduc ntothe guen fromthe -z6

bot t om por (1 S GIEATRE FHHAS™ AT AGRRI ) Jdb’:%t“ﬁ%q?' baelRELES

i (r)1t oO(r:noﬁ?; i Ci t I c)ust rated i (r:10anI neg 1,
tcv.lh o Wddbide, qus ‘?D%: 15 & &é‘éerlo‘&ra %? dld

a part of e gas escapes rough a. |nney 21, passes through
the packed hed, e2.i And u f4 g, tqp tq{ ey taness (hereinafter,
illustration of the flow g:fsa&he gaéswln el quenechl ng tower wll be

omtted). [ARerization, and an expansion in the molecular weight
distribution. Consequently, it is preferred that the
concentration of 4-methyl-4-formyl-1-cyclohexene and
methacrolein is used as an index of the washing effect in
the quenching tower. Since the amount of these compounds
to be produced depends on the concentration and
composition of the monoolefin in the hydrocarbon raw
material, and on the reaction conditions, and also since
the amount of these compounds to be dissolved in the
organic amine aqueous solution depends on the quenching
tower operation conditions, it is difficult to specify
the concentration of 4-methyl-4-formyl-1l-cyclohexene and
methacrolein in the withdrawn liquid from the respective
sections in the quenching tower. However, based on
investigations by the present inventors, if the total of
the 4-methyl-4-formyl-1l-cyclohexene concentration and the
methacrolein concentration in the organic amine aqueous
solution withdrawn from each section is 500 ppm by weight

or more, it can be determined that these compounds have



Since the quenching tower 2 illustrated in FIG 2 is the sanme as the
exanple illustrated in FIG 1, except for having a decanter provided in the
guenchi ng agent circulation path and for using two types of quenching
agent, in the following only the diffePénces will be described. An organic
am ne aqueous solution is sprayed fromthe spray apparatus 23A, and an
aromati c solvent is sprayed fromthe spray apparatus 23E. The quenchi ng
agent that hasn acetimd pdred wnremdveay arsmnged prddgraldas dy t he chi mey 21
and at the bottom of the tower passes along the circulation path and fl ows
i nt o decant eesc2bdn and'1258,indespeets \eeip.riloalillye dgwaveldi tg steewen 2
illustrated in FIG 2, two types of quenching agent are used. The quenchi ng
agent fIomﬁn@ei¢mmﬂ¢mmr@iiQmﬁa@fo%-mﬁﬁhvlﬂ&iEhﬁmy%nﬂE&ﬂﬁ%ﬁhﬁ%ﬁ%%ea%%d an
oi |l phase, which are separated by the decanters 25A and 25E. The, outl et of
t he decant erethrerabeinol® higle t Wt Befrwysl pHake BFPantes ahf FREAtiEdus

solution is fed to the_spra -- 37 apparatus 23A..and_the oil phase
aromati c sof9ehioRg B9 #0° %%1§p?Eytggp%?ETﬁ%eg3%%g?%%%%] The
guenching tower 2 illustrated.in FIG 3 is the sane as the exanple

i || ustrat ed®PhYRFE 23 1QR cBPPIFOF - havi ng two chi meys and two packed beds,
and havi ng 33525 sections, in which the spray apuaratuses 23A and 232 are
provi ded above pgcked beds 22A and 222, respectively, and a spray apparatus

23C is provided belgyi &, i Mgy Zldnadlle LOANE. AlNRIaMOgNER0l ul i on Ted
trve spra i

fromthe respec y apparatuses contacts with the gas 1n the tower,

I's then recpueiednan ﬁ-kg§¥né§rénﬂgﬂeank?géﬂbLYt@muénéhi€Hﬁ 1B¢Azeaet r ay
arranged integrally on the chimey 212, and at the bottom of the tower,

goes throughithaytbesaukati on, paths, sagd7i s -getahpadohaphhbailespecti ve spray
apparatus 23A, 232, and 23C. [0051] The quenching tower 2

i Il ustrat edcumankl GbrdnchetihandaserasghhathelihusflkafletdbenaeRe€, 3, expept
for having a decanter provided in each circulation path and for using two
types of quesehidnguagest andntbeganke -anPref eredusredrbitf o+ ¥eRed fromt he
spray apparatuses 23A and 232, and an aromatic solvent is fed fromthe
spray appar &8s O23T1eThe HuEHaRPRg RGENL-ETFed 3 Fom MHESFeYdeltyve 245 ay
apparatuses are recqovered on a tr%y arr.ange i%%egrall¥hon t he cm ey 21A,
a tray arraf§e8CiAtedr BFEY S5 SChELONPIMEy S21Y S AR 24F PhEYBST oSt t he

tower, and %L%y&%%%ﬁ One type of these aromatic solvents may be

used alone, or two or more types may be used in
combination. Perhaps because benzoic acid that is an
organic acid has a low water solubility, benzoic acid
easily runs out from the quenching tower along with the
product gas by reaction, and even if gquenched using the
organic amine aqueous solution, easily adheres to the
piping equipment in the subsequent steps. However, the
present inventors experimentally confirmed that by also
performing washing with an aromatic solvent, benzoic acid
is no longer detected. The reason for this is thought to
be because benzoic acid, which is an aromatic compound

just like the aromatic solvent, is effectively dissolved



- 38 separated into an oil phase and an aqueous phase by decanters 25A, 25B
and 25C provided in the respective circulation. paths. The outlet of the
decanters is set so that the. organic am ne aqueous solution is fed to the
spray apparatuses 2321/2 and 23B, and Bhe-aromatic solvent is fed to the
spray apparatus 23C. 10052] When the quenching tower has a plurality
of vertical sections and an organi ¢ am ne aqueous solution and an aromatic

sol vent are,qipetbid LOTIRRNIAN AXAHANING AGRMt1 dif dus Rieferred to use

the aromatic solvent as t gue ng agent at the | owest section anong the
plurality ofswiaed i0nsigrabihe: 1i0aRhe HTdIe RAURALN SaluH itoR as the
quenchi ng agent. at the sections above the | owest section. Wen using an
aromati ¢ solMat @s ddwe duentNing-agent of he dreasld an denedueks are
removed by dissolving themin the aromatic solvent. Therefore, if the used
aromat i ¢ salmwventadtsi aulijeoiteath taarangpare diistgd | atlitodsothbhghki kbatit can be
reused Consequently, overall production costs can be reduced, which is
advant ageoushe®n ishe ctiverladanemamren achergam ¢amarecdquesis) selwtion is
used as the quenching agent, the reaction byproducts are renoved by
reacting t HERWARIC (HRNRMGHE SUrh e Dot ecifhl il ar omat i ¢
solvent, it is difficult to_reuse the organic am ne aqueous sol ution by

separ at i ng RHFFGEHIRE M AguetREBIUEDFRGRE (90 GUFES. When the
hi t h I it f t.ical . Cti , the nt. of
Soact i on by G < aa B TP, SRR A Th N B A gy

reaction i%#”gfé%%%¥%jé§i§éﬁye bott om of the quenching tower, and
t hereafter creases as e reaction byproducts are renoved as they pass

upward thropgdyeach section. Therefore, when using an organic am ne aqueous
solution and an ‘aronatic solvent in conbination as quenching agents, from

the perspective G QUK IR REEHF GOFnatlilc kRN ageaIU Sel ect a
reusabl e aromati c solvent as the quenching agent for thée | owest section

that first ©ofEsad MenLoONd agdidqy tphi el P ogleicd, gelseyl | elbeht OphelBased on
t he above, for a typical quenching tower that has a plurality of vertica
sections i nmod wii Thudtenieductbegasrdijucedctanies sdepgmddug edh f tloen t he
bottom si de of the quenching tower, froma. cost perspective, a preferred
node is to e@rCehiEralbrmtded sodwres iabon hef duienchbmeo bgehes for e | owest
stage, renove_the reaction byproducts included in a conparatively |arge
anount by dPEEEPSAFRPRE Hemy i PRt el at offed | €he of SRAE L @R dCPReht + @Rdv e e

remai ni ng byproducts by reacting themw th_the organic an ne ueous
sol uti on. RFer the rPRRER ueR it gt T30e e@l+%s??%t%ﬂomﬁt¥$(§gﬁYe?Fe

aromati ¢ solvent can algo be.sprayed fromeither of the s ra%Efgﬁaratuses

23A and 236 P CHARET R TRE RISt OBt TR e TUeR et BY - AT R 0053]

conditions, it is difficult to specify the concentration
of the benzoic acid, phthalic acid, phenol, benzophenone,
9-fluorenone and the like in the withdrawn liguid from
the respective sections in the quenching tower. However,
based on investigations by the present inventors, if the
concentration of benzoic acid, which is the main
component among the aromatic reaction byproducts running
out from the quenching tower, in the aromatic solvent
withdrawn from each section is 500 ppm by weight or more,

it can be determined that the aromatic reaction



The quenching tower 2 illustrated in FIG 5 is the same as the exanple
illustrated in FIG 4, except for having three chi meys and three packed
beds, and having four sections with four spray apparatuses. In the exanple
illustrated in FIG 5, the organic am Aé aqueous solution is fed fromthe
spray apparatuses 23A, 23B, and 23C, and the aromatic solvent is fed froma
spray apparatus 23D. The aromatic solvent can al so be sprayed from any of

the spray apparaiuses, 23Aeh 238 bahsh 23G bya chamghani & hecid) eshafodecant ers

25A, 2513, and 25C arranged in the respective circulation paths. In
FIGS. 1 to Bendbbphenehed &£Ql enishoeatofnt pendes loedr eshf fllehehti g agent and
a di scharge pipe for the quenching agent, such as the organic am ne agueous
sol uti on, apdmavedofirog veransraduangesdsbeforeatheospray apparatus are
omtted, these neans may be provi ded as necessary, [0054] Purification Step
The product [gas4by reaction running out fromthe quenching tower can be
purified, based on a known techni que, such as nethods described in Japanese
Pat ent Publ i cat | @eneNol1¥b- Ulve 0Tueapare seoit el TARRECRG Mo, t1BD- 126235,
Japanese Patent Publication No, 3-48891, Synthetic Rubber Handbook épp. 92
to 100, 196YFachAd PEFROTECPrewspre2adigstiieppp, S89tLatestS 187855 UFbr

exanpl e. For exanple, gas runs out fromt t f - 41 - hi
tomgf can bésiﬁgggaﬁcé e AEBSt RE BHEadFaf 83x§?3§?P?8'diﬁ@?¥?§%ﬁ%ﬁ Lgﬁunn

described in _the nthetic Rubber Handbook, t b iene_a e
butane/buteﬁ@sogggéﬁﬁFe%betﬁgﬁctﬁg Egﬁﬁgﬁgﬁfsgﬁftﬁhﬁﬂaﬁgggi?ﬁﬁé? poi nt ,
such as 2-b renmv i t adi ene,pur bLeat | t roduct
But adi one 1 SSGUEVES. TRt CCRTE RSN O ¢ 1O prar PPSa FSTsuPTRY ZERN: the
product but adiggne has :avdb t ¥nef «9en0%ee pRE2erandyPieher abl v .of 99.0% or

nor e,
MPaG.
[0045]

In the method for producing the conjugated diolefin
according to the present embodiment, it is preferred that
the quenching tower has a plurality of vertical sections.
A case in which the guenching tower has a plurality of
vertical sections will now be described in more detail
with reference to the drawings.

[00456]

FIG. 1 illustrates an example of a gquenching tower 2
used in the method for producing the conjugated diolefin
according to the present embodiment. This quenching
tower 2 is an example that has two sections, in which a
chimney 21 is fitted in the middle stage and the two
sections are formed above and below the chimney 21. A

packed bed 22 is provided above the chimney 21. An

organic amine aqueous solution is sprayed as the



(005.51 (6) Butadiene Polynerisation Step Next, a step for

pol ynmeri zi ng nol ybut adi ene from but adi ene when but adi ene is produced as the
conjugated diolefin will be described. [0056] A known net hod can be
used for the butadi ene pol ynerization,3and solution polynerization and bul k
pol yneri zation can be carried. out. For solution polynerization, the
polyneri zation is carried out by charging a pol ynerization sol vent and.

but adi ene i LR PUIPT TGN 3G SIS0 Be1q
predeterm n tenperature, and addrng-a I'ymeri zation initiator, @&anples
of the pol Wil iAakiRR, I 4 o JIGhMAS Rl B WP GenRReuURESvesuCh as
ethyl lithium n-propyl lithium “isopropyl lithium n-butyl Iithium
sec-butyl ldHdigaBkd®eduytzyl lithium tert-octyl lithium n-decyl |ithium

phenyl lithium 2-naphthyl lithium 2- - 42 butyl-phenyl |ithium
4- phenyl - butod41]i thium cycl ohexyl lithium and cyclopentyl lithium A
preferred polynerization initiator is n-butyl lithium As the

pol yneri zat i on Shlevehtimnayy 2kndwn opehy ent anmaydiéeupedtiBranphegeinc| ude,
but are not Iimted to, aromatic solvents such as tol uene, xylene and
tetralin, aighadinanbwlidyd irravldashtia SUde @pan moEen n- pént ane,
nhept ane, cycl ohexane, cycl opentane, cycl oheptane, and decalin, and the
li ke. The potyHeEriatad ol t rat (e i TGS UECRIGI BEENTThe

pol ymeri zation time can be . .
accumulates on a tray arranged integrally on the chimney

21 (hereinafter, illustration of the gquenching agent
accumulated in the quenching tower will be omitted), and
runs out to a circulation path. The sprayed gquenching
agent also accumulates at the bottom of the tower, and
runs out to the circulation path. Each of the quenching
agents is fed to the spray apparatuses 23A and 23B via
pumps 24A and 24B for recycling. A filler is packed in
the packed bed 22. At the packed bed 22, the quenching
agent and the gas are efficiently brought into contact
with each other while hindering the agent and the gas
from going past each other. The type of filler is not
especially limited. Examples that can be used include
known fillers, such as Raschig rings, cascade rings, and
Paul rings. The packing method is also not especially
limited, and may be carried out in a regular or an
irregular manner.
[0048]

The product- gas by reaction running out from the

reactor is introduced into the quenching tower 2 from the



appropriately set based on the tenperature and the target nol ecul ar wei ght.
[ 0057] if an alkyl lithiumis used for the polynerization initiator,
and an aprotic hydrocarbon, such as toluene, n-hexane, and cycl ohexane, is
used for the polynerization solvent, -1B8®i Ag ani oni c pol yneri zati on proceeds
with the state of the alkyl |ithium being maintained also in the polyner
ends. In living anionic polynerization, a polyner can be obtained that has
a narrow r i i i i ; Rchani physi ca
properti eﬂ%‘?yo%@s%%% yéjfazéc}{% %ﬁ%’e%?&%&f r rﬁrfgsg%ﬁ]v?i#g ani oni c

pol ymer i zati gpe0f bt di&Reng | fnds MBI A ol kerle qyadrohexenegt .
nmet hacrolein are present, in addition to deactivation of the pol ynerization
initiator, #hecpolynes endsserLrseant ivat ed due pord sideopdid i ¢ addition
reaction on the carbonyl groups of the 4-nmethyl- 43 4-fornyl-1-cycl ohexene
and met hacr et €ipe Of tlihougiol y byipdienehpatlyimteerets, pdesebytiimigh

pol yneri zation reaction Is termnated. This |leads to the problens of an
expansi on i thé¢ headioé@ciédr2avei ghd diss rowut foom dulee t oo nechedseven | ow
nmol ecul ar wei ght nononers having a | ow degree of polynerization,

speci fi c- 11vhedeteafoent i bhloétrhelinrchtintleal £ oy sPEathproper i ehe
processability and the |ike when used in a synthetic rubber, resin and the
li ke, and ofiueRchihRdeBSWATr bt HENPE NCHhEL]B! vent recycling step due to an
increase in _unreacted butadiene in the polynerization solvent. A living

pol yner has [PR&%Eharacteristic that it can undergo bl ock pol ynerization

wi th anot her polyper by a coupling reactio er. pol i i 0 wever,
this characteri s%(JrI&C‘? s‘ylb%vq‘b?}&})‘/l S%OW%Etfiﬁ#%%t%%?%%{rﬂéﬁf Y arbr_ei_E

deacti vated, ,LOQ2RL as_cniN@xRALYURE 128LLADLAACK! BRG] Sqf ceutoptedoby
addi ng a solven Stch®as an-arcohol “or a solvent inc udi ng a polynerization
i nhi bitor intg:hhe PALYARELZALBY: aE8ACHOE neaBefbhE hindgediBe pol ybut adi ene
after conpl etion o? polymeri zation can be recovered by reprecipitation from
the sol utiopiibutheivespakhushAgd farpagingokwentyber pel yhehatiane,
filtering off the precipitates, and then drying the precipitates, or by
removi ng t hagsakvenah themibheosahdt bany the mifceukacewewghi pehe wei ght
average nol ecul ar wei ght Mv and. nunber average nol ecul ar wei ght M) and

t he nol ecul desweiiphtl.di 3trobgendn MumdMTesonhesoluiion is sprayed

from the spray apparatus 23A, and an aromatic solvent is
sprayed from the spray apparatus 23B. The quenching
agent that has accumulated on a tray arranged integrally
on the chimney 21 and at the bottom of the tower passes
along the circulation path and flows into decanters 25A
and 25B, respectively. In the quenching tower 2
illustrated in FIG. 2, two types of quenching agent are
used. The quenching agent flowing into the circulation
path includes an aqueous phase and an oil phase, which
are separated by the decanters 25A and 25B. The outlet
of the decanters are set so that the agqueous phase

organic amine aqueous solution is fed to the spray



recovered pol ybutadi ene are nmeasured usi ng OPC (gel perneation

chromat ography). As the GPC nobil e phase, tetrahydrofuran (THF),

o-di chl orobenzene and the |ike can be used. [0059] [2] Catalyst (1)
Structure As the catal yst used +n37he present enbodi nent, for exanple,
a catal yst which conprises a netal oxide represented by the foll ow ng
experinental formula and a carrier can be used. [Experinental fornula]

Mb12Bi r Ee%@;%ﬁ%ﬂée%ipg‘ g}g &l %irlegﬁ%%masm%tli%a%tol%%teli%m@h sel ect ed

fromthe group consi st ni ckel cobalt; B represents at |east one
el ement seliactiatk fanmt hpi@mLconsd sting of alkali nmetal elements; C
represents at |east one elenent selected fromthe group consisting of
magnesi a calajaom strontium barium zinc, and nanganese; D represents at
| east one el ement selected fromthe group consisting of rare earth
el enents; E repmesenuenathihgasbwemne 2eliéient raekdctied FiGon3t he gheup
consisting of chromum indium and gallium O represents oxygen; p, g, a,
b, c, d, e,sausl a6 ddrtexanpla onilostatatedofirbiFidut B, iexseptAf®B, C, D,
E respectively, to 12 .

having two chimneys and two packed beds, and having three

sections, in which the spray apparatuses 23A and 23B are

provided above packed beds 22A and 22B, respectively, and

a spray apparatus 23C is provided below a chimney 21B.

The organic amine aqueous solution fed from the

respective spray apparatuses contacts with the gas in the

tower, is then recovered on a tray arranged integrally on

a chimney 21A, a tray arranged integrally on the chimney

21B, and at the bottom of the tower, goes through the

circulation paths, and is returned to the respective

spray apparatus 2347, 23B, and 23C.

[0051]

The quenching tower 2 illustrated in FIG. 4 is the

same as that illustrated in FIG. 3, except for having a

decanter provided in each circulation path and for using

two types of quenching agent. An organic amine aqueous

solution is fed from the spray apparatuses 23A and 23B,

and an aromatic solvent is fed from the spray apparatus

23C. The guenching agents fed from the respective spray

apparatuses are recovered on a tray arranged integrally

on the chimney 21A, a tray arranged integrally on the

chimney 21B, and at the bottom of the tower, and are then



- 45 - and x denotes the nunber of oxygen atons required to satisfy val ence
requi renents of other elenents that are present.) The expression
"experinmental formula" used herein represents the atomc ratios of the
nmetals included in the formula and the38onposition of the required oxygen
based on the sum of those atom c ratios and the oxidation nunbers. In an
oxi de containing netals that can have various oxidation nunbers, since it

I s essentialdy, i ipassiile 410 sPeGHaed %&l&ﬂ)%ro][ﬁowmb@twm, t he nunber
of oxygen is Tormally denoted as ™x". For exanple, when obtaining an oxide

by prepari nge@ast kg Y2ghatodmcdndless@ poeioigpuind, ttee Bie gompoiined, and an Fe
conpound, and drying and/or baking the slurry, the atomc ratio of the
metal s i nclotecuiacihe Sdthisy and tdue lattorifc that idecehtere st @leg isP t he
obt ai ned oxi de can be thought to be essentially the sane. Therefore, the
fornul a obtahaedthy edgimie Oamine tdheuedtias gi mgitorposs tfeh fortga of the
slurry is the experinental fornmula of the obtained oxide, Further, in the
present spespfaratbpnratikes t hdA abod e23Blesaq blelde che? B hC c¥PpoRRti on of
the slurry, the formula representing the intentionally controlled
conponent s afAdfeAetpati®sSPReY eobP#52EIE 0%t eferred to as "conposition
formula". Therefore, in the above-descri bed exanple, the fornula obtained
by taking a&&953,, fromthe experinental fornmula is the "conposition

f la". [0060 Al t h h. th | f t i

rgggsgnt et[zl as L\Wh@ &g c%“%%‘t“? gt(%"g?]fe Oallsm%%ﬁhibénﬁ%éy?ifeig ogé%gi de
tal ysts havi , Bl d i L h f th

arbitiary covboienes gad BorEgrficnERTHs A e ok e o 1y A

and E i nprove gatabykibevanti ¥kkyusBaand Eosbahbtize hbgqﬁéhuﬁ&nge of the

oxi de for the purpose that contains My, Bi, and Fe, and D has an effect of

re oxidizi nggbhesoxideisl prefetired, tB, uee @heandomadie spltvbatpeeferred
range, these effects can be expected to be much greater. [00611 in
t he above- deser ghedchorposbenanatotisl apwastrosecpiehermedgctimposi tion is
0,1 :1L p S 0.5, 1.5@03.5,
plurality of sections, and the organic amine aqueous
solution as the quenching agent at the sections above the
lowest section. When using an aromatic solvent as the
gquenching agent, the reaction byproducts are removed by
dissolving them in the aromatic solvent. Therefore, if
the used aromatic solvent is subjected to vapor
distillation or the like, it can be reused. Consequently,
overall production costs can be reduced, which is
advantageous. On the other hand, when an organic amine
aqueous solution is used as the guenching agent, the
reaction byproducts are removed by reacting them with the
organic amine. Therefore, unlike an aromatic solvent, it
is difficult to reuse the organic amine aqueous solution

by separating the organic amine aqueous solution and the

byproducts. When the quenching tower has a plurality of



1.7 Sa S$S9.0, 0.02b0.5, 0.5 Sc 54.5 0.02SdO0.5 and 0 Se S 4,5, and
in an even nore preferred conposition, B is rubidium potassium or cesium
Cis magnesium and Dis cerium and 0.15 Sp S 0.4, 1.7 Sqg 3.0, 220 Sa S
8.0, 0.03b S0.3, 1,0 S. ¢ !1-, 3.5,-0385d < 0.3, and 0 Se < 3.5, If Ais
nickel. B is rubidium potassium or cesium Cis nmagnesium and Dis
cerium the conjugated diolefin yield tends to be higher, and the catal yst

can usual | yydyer icof efdadidmd h viRsissdante dfo reediaidy eyiegadald ds [ 0062)
The carrier can be effectively used in a range of, based on a total of the

carrier andiduel oxiate,a preefienablwher3( Heo pddidunyt weisgity, raredttnmre ipr ef er abl y
40 to 60% by weight. A catalyst conprising a netal oxide that contains M,
Bi, and Fe anrdsbiarst aimsd the dodkriomn afetthied qusucthiagy & aowstthodintchat
includes a first step of preparing
thereafter decreases as the reaction byproducts are
removed as they pass upward through each section.
Therefore, when using an organic amine aqueous solution
and an aromatic solvent in combination as gquenching
agents, from the perspective of quenching agent cost, it
is advantageous to select a reusable aromatic solvent as
the quenching agent for the lowest section that first
comes into contact with the product gas by reaction.
Based on the above, for a typical quenching tower that
has a plurality of vertical sections into which the
product gas by reaction is introduced from the bottom
side of the quenching tower, from a cost perspective, a
preferred mode is to use the aromatic solvent as the
quenching agent for the lowest stage, remove the reaction
byproducts included in a comparatively large amount by
dissolving them in the aromatic solvent, and then remove
the remaining byproducts by reacting them with the
organic amine aqueous solution. Further, in the
quenching tower illustrated in FIG. 4, the aromatic
solvent can also be sprayed from either of the spray
apparatuses 23A and 23B by changing the inlet of the

decanters 25A and 25B.

[0053]



a raw material slurry, a second step or spray drying the eri al
slurry, and a third step of baking the dried product obtained fromthe
second step. The carrier is preferably silica, alumna, titania, or
zirconia. Silicais more preferred as #Re"carrier. Conpared with ot her
carriers, silica has a lower activity, and has an effect of bonding well
with the catal yst without causing the activity or the selectivity of the
catal yst with respecjudrrtiiey trangat pridduct: tar edetier iFNGat &, iRurtdeer, by
supporting an oxide on a carrier, good physical properties that are
especi al | y sam¢ egls t cheisexamphe f 1 Ll dézenc dedinm AL i oh, sxedpasiparticle
shape/ si ze/di stribution, fluidity, and nmechani cal strength_can be obtai ned.
(0063] (2) Proingttbnedbchbdneys and prederpaekeddecds  tded g Wl f or
produci ng the catal yst, which includes a first step of preparing a raw

mat eri al sl 6Pvy, sackeenndvstbplonr spPEYY ARBPHEAERES? aw FatdiS al slurry, and
a third step of calcined the dried_product obtained.fromthe second step,

will now beSYHREREFhed UEBHBAFS 1n FIG| o1 e | PEPAREEp AT AHTHRTL Y al

| i s obtajped b ' t al yst ials. f th
ol orental SOUTEELPBr LPRESRebhRt: UG EFEnbrLPBreRUEs Badati 2B o, Tron.
ni ckel, cobabp, ahalcRlahatY EMERE SenRORCELYTEAGA! G UPLaPt ront i um

barium zinC; "hmanhganese, rare ear enen chrom um um and gal | ium

[ ncl ude an aEROALULSALD. NAe o fondiiel OEh) A% W19 soc iRy &a o ¢

salt and th at are so e In water or nitric acid. cially, as

the el ement gl.ogo04yhgeckornthepk-ea§Pephbhyat8E56BENES, anBamaBAi unrsakt is
preferred as the nbl ybdenum source, and. the respective nitrate Is

preferred feohabysaut Ahei Hanetnbékekcaakkaki 26henesBs, amEgResi um zi nc,
manganese, and. rare earth elenents. As described above, an oxide, such as
silica, alusirmangtdtdni aheorezpecaoniva, céanubetosaedphohst.he oxi de carrier.

It is preferred to use silica as the carrier, and to use a. silica sol for
the silica sourc&n Ré@ardingoi purithesghnat hepseniebmssr, Pipej §0préferred
to use a silica sol containing not nore than 0.04 alum num atons per 100
atons of si [frE6H, WERHENE FIOeHér aBPy 2a IdBICHEE 980 P 106N EA™ITHG not more than
0.02 al um num at nsgper 100 atons of silicon. .Preparation of the ram
muenalslﬂ%?iﬁﬁb@%%%ﬂé&%h@%f%h&%@%ﬁ JRASAY of nol ybdenum

(hat has been3sgl vedd 1 VRSN i B3l OB 3q L AER A0GIRE
bi smuth, a ra%rp%r%acrﬁ[sh a@eemtt’té.dr,orﬁhe@ecIﬁl%lanmrgp%é”ﬁr&}ir&éd |hganese,
necessary.
[0054]
(5) Purification Step
The product gas by reaction running out from the
guenching tower can be purified based on a known
technique, such as methods described in Japanese Patent
Publication No. 45-17407, Japanese Patent Laid-Open No.
60-126235, Japanese Patent Publication No. 3-48891,
Synthetic Rubber Handbook (pp. 92 to 100, 1969), and
PETROTECH, Vol. 2, No. 4 (pp. 59 to 65, 1978), for

example. For example, gas runs out from the top of a



49 and an al kali elenment in water or aqueous nitric acid. Wien preparing
the raw material slurry in this manner, the addition order nmay be changed
fromthat described above. [0065] In the second step, spherical
particles are obtained. by spray dryinglthe raw material slurry obtai ned
fromthe first step. Atom zation of the raw material slurry can be carried
out by a nethod commonly perforned industrially, such as a centrifugal

met hod, a tRsdditigh NQAAL B hed 1 AR IORIRIEIHY Sutezaledrethod. It is
especially preferred to performthe atom zation of the raw material slurry

using a cend:ddagalvdeidnd. 1 Naxton tdea ot aidred-iprd 116l ehargiHead.c As the
drying heat source, it is preferred to use steamor air heated with an

el ectri c heat®emmHhridi®dit kechel herHehipatatatde fe theadtd Arutdeneat is 100 to
400C, and preferably 150 to 300rT,. [0066] inthe third step, the
desired catsdpestatiesi obttaamethdycaadaianitey widh driyghpdrdaiilclres pebitrdi,ned from
the second step, it is preferred to dry the particles at 150 to 500C. as
necessary, Simh tdfer? daltgng ngrdrveld twi t20 shdwtdiene tanpdriataiion ange of
at 500 to 700C, and preferably a tenperature range of 550 to 700C. The

cal . ci nati orP%&H FRERFIRF o utirdifne eaisiiath f bfn&dés ®@éRtas a rotary

furnace, a tunnel furnace, and a nuffle fur na%e. ,
it is preferred to purify so that the product butadiene

has a purity of 98.0% or more, and preferably of 99.0% or
more.

[0055]

(6) Butadiene Polymerization Step

Next, a step for polymerizing polybutadiene from
butadiene when butadiene is produced as the conjugated
diolefin will be described.

[0056]

A known method can be used for the butadiene
polymerization, and solution polymerization and bulk
polymerization can be carried out. For solution
polymerization, the polymerization is carried out by
charging a polymerization solvent and butadiene monomer
into a polymerization reactor, adjusting to a
predetermined temperature, and adding a polymerization
initiator. Examples of the polymerization initiator
include alkyl lithium compounds, such as ethyl lithium,
n-propyl lithium, isopropyl lithium, n-butyl lithium,
sec-butyl lithium, tert-butyl lithium, tert-octyl lithium,

n-decyl lithium, phenyl lithium, 2-naphthyl lithium, 2-



50 - It is preferred that the catalyst has a particle size distribution in
the range of 10 to 150 pm [0067] [3] Conjugated Dol efin Production
Appar at us The apparatus for the conjugated diolefin production
according to the present enbodi ment ha$2 - a reactor acconmodated with a
catal yst which conprises a netal oxide and a carrier; and a quenching tower
connected to the reactor. Thi s production apparatus can be preferably

used in the,abeveseser i bad 1aE hod i pradusing s rcani ugatecbidiahef i n.
Specifically, "a hydrocarbon containing a. nonoolefin that has 4 or nore
carbon at ons; emtuRXyged dpciesenti D Bitleaet or A prifferakadve- descri bed

producti on. apparatus, a product gas by reaction containing a conjugated
di ol efin t hvslphedueeidh oinsit oot hes abdweteskritoedn quéscivibeg t ower, and
is washed with a quenching agent in the quenching tower. It is preferred to
use an or gapbLymer heaaiueousleshius | amy dsnewe et MpRdentusemhd to al so
use an aromatic organic solvent in conbination, [0068]

Examples include, but are not limited to, aromatic

solvents such as toluene, xylene and tetralin, aliphatic

and alicyclic solvents such as n-hexane, n-pentane, n-

heptane, cyclohexane, cyclopentane, cycloheptane, and

decalin, and the like. The polymerization temperature is

about -10°C to 150°C. The polymerization time can be

appropriately set based on the temperature and the target

molecular weight.

[0057]

If an alkyl lithium is used for the polymerization
initiator, and an aprotic hydrocarbon, such as toluene,
n-hexane, and cyclohexane, is used for the polymerization
solvent, living anionic polymerization proceeds with the
state of the alkyl lithium being maintained also in the
polymer ends. In living anionic polymerization, a
polymer can be obtained that has a narrow molecular
weight distribution and excellent mechanical physical
properties, processability and the like. When performing
living anionic polymerization of butadiene, if 4-methyl-
4-formyl-1l-cyclohexene and methacrolein are present, in
addition to deactivation of the polymerization initiator,

the polymer ends are deactivated due to a nucleophilic

addition reaction on the carbonyl groups of the 4-methyl-



A preferred node of the apparatus for the conjugated diolefin production
according to the present enbodinent will now be described with reference to
FIGS. 6 and 7. [00691 FIG 6 is a diagram schematically illustrating
an exanpl e of an apparatus for a conjugated diol efin production according
to the present enbodi nent. The Product gas by reaction running out fromthe
reactor is sent fromthe bottom of the quenching tower to a quenching

section, anl {pshedy ) B MR b NETo I COIE Rghd Nt O contact wi t

an organi ¢ am ne “‘aqueous solution or an organic am ne aqueous sol ution and
an aromat i GoSohvaiddicie yeshed- prRlIctGasly tiRagd Omdtinatadn from the
top of the tower, and is introduced into the bottom of an absorption tower.
The productr&ms: nh reactdamnadddduced si nkadshecbehktopreblthe alisanpti on
tower is absorbed by a solvent (e.g., xylene, a m xed xviene, or toluene)

i n the absospidmoesd drowet , tlendhelesalan Waigrhtt kel daotilom iodn tdhee ttowem as a
conj ugat ed di ol efi ncontai ning solution_ On the other hand, an off-gas runs
out fromthecogeed ihelabswrldwiar tvawght Tingojudaeidig a low

di ol efin-containing solution withdrawn fromthe bottom of the absorption
tower is i rdeTRR < iprbyeer WpperOlportRest fofcal st abidietekorafigih hert gas
is included in the raw materi al] conponents, the inert gas is separated from
the conj ugatRe TRGIUTI G | GHRE TH WOTRRT et RTRFSiSi 1 YeF Aithe

conj ugat ed di ol efi n-cont ai ni ng, sol ution from whi.ch the inert has been
separ at ed ig"%tflr]bepe@l?l? olﬂﬁ?ﬂe”boﬁ‘t%tg?eﬁlh% SHEBT z]éé?s,lrérPd“?:tﬁ?%t r oduced
into aflash,fowely Jhe solyeni s, separaled from Loe, coni ueated og
dlolefln-con%alnlng sof utf on @t-the f14as ower. Then, a ~so i'on

pneiuding thesponidigal ef Al lAld L. and WISl LU g [ 1hefop of the

tower, and 1s ted to a condenser. water 1s separated fromthe solution
by the condenpfiet 0001 NsFLFMde QON|HAHLBALRBT iHhs HHes crude
conjugated diolefinis fed to a mddle stage of "a first extractive
di still ati othgeddmanif 56l vient {€. Gan whdetdy| b osammpetymesi sptayed from
the top of the first extractive distillation colum to produce a solution
of the crudeiciomugated 0bbjedt NHy whi cbup ing t helkawhoh roftéhe bottom of the
colum. The distilled crude conjugated diolefin solution is introduced into
a strippi ngeobywerimweien buttawevefor tédanplheractesdgdrist e from the ton of
the tower. The solvent_in the crude conjugated diolefin_solution is
separ at ed a®PYheusliyipbtagledhetl Brel RPligectordgated drdreiVatedri pped
fromthe top of the tower is introduced into a second extractive
distillatioh®®fum. At the second extractive distillation colum too, a
solvent is siml rI%F)pra ed fromthe top of. the colum like at_the first

t

extractive distilla Jlﬁﬁwt,i?rb ]ber‘-"ocd‘if'coé1 aiscr %afﬁ% a}?%da otefin
L uti T . e . . d_at
Ferper at i e STO BTN Theh cipineAt T het ol b FRevenn tnSPEaBhiCRatin is

distilled fromhhe; 1opi o [REiEPLYMMindPd-hbe SPIHEPt hP1¥AI cBaLARYT I LI es,

such as acetylenes, are dissolved is separated fromthe bottom of the
col um. Conggguenityinghe ®iddeGanitgatad dolef idbis i sdi lded fromthe

top of the second
polymerization can be recovered by reprecipitation from
the solution in the vessel using a poor solvent for
polybutadiene, filtering off the precipitates, and then
drying the precipitates, or by removing the solvent from
the solution. The molecular weight (the weight average

molecular weight Mw and number average molecular weight

Mn) and the molecular weight distribution (Mw/Mn) of the



- 53 extractive distillation colum. Wen the |ow boiling point conpounds
(e.g., nethyl acetylene) and conpounds with high boiling point (e.qg,
2-butene) are separated at the first and the second extractive distillation
colums fromthe crude conjugated diol éfin distilled fromthe second
extractive distillation colum, a purified conjugated diolefin is obtained.
[ 0070] FIG 7 is a diagram schematically illustrating another exanple

of an_apparAluisy dia e Sthdll ol hidh LA Dt agROr e 10 the

present enbodi nent. nce the reactor, the quenching tower, and the

t ower s/ col ad t Bon therdhd Sdgexiipct | ve dhet idblcatiop 1eolptazei,n t he
apparatus illustrated in PIG % are the sane as the exanple illustrated in
FIG 5, onlyethghdifértiencesThr) ) deddesostdischiere. arfdecips okt cms by
reacti on washed at the quenching tower is introduced into a dewatering
tower packedewngdda demateri ng agent, such as nol ecul ar sieves, w thdrawn
fromthe bottomof the tower, and fed to a solvent absorption tower. The
product gas[®9SPkaction cones into contact with a solvent that is sprayed
by the sol vent absorption tower to produce a conjugated diol ef

i n- cont ai ni hgsof@ErbrSt The produced conj ugated di ol efi n-contai ni na sol ution
is wthdrawn fromthe bottomof the tower, and is introduced into a
degassi ng t 6her SERECEUES| vent separation colum. If an inert gas is

included in the [am Bt eri gl coPOnents: {0108kt Bfoddimént? for
example, a catalyst which comprises a metal oxide
represented by the following experimental formula and a
carrier can be used.
[Experimental formulal]
M012BipFeqRaBrCoDaEeOx
(wherein A represents at least one element selected from
the group consisting of nickel and cobalt; B represents
at least one element selected from the group consisting
of alkali metal elements; C represents at least one
element selected from the group consisting of magnesium,
calcium, strontium, barium, zinc, and manganese; D
represents at least one element selected from the group
consisting of rare earth elements; E represents at least
one element selected from the group consisting of
chromium, indium, and gallium; O represents oxygen; p, d,
a, b, ¢, d, e, and x denote an atomic ratio of bismuth,
iron, A, B, C, D, E, and 0, respectively, to 12
molybdenum atoms, where 0.1 < p <5, 0.5 < qg<28, 0=<a=

10, 0.02 <b <2, 0£c<5, 0<d<5, and 0 < e £ 5;



separated fromthe conjugated diolef in-containing solution at the
deoassing tower. Further, the solvent is separated fromthe conjugated

di ol efin-containing solution at the sol vent separation colum, whereby a
crude conjugated diolefin is obtained,450071] Further, in the exanples
illustrated in FIGS. 6 and 7, although description of a. conpressor, a
drain pot, a heat-exchanger and the like is omtted, these parts may be

appropri at &lyy added, hased 1on QRAIAL N RRELS]IdNE Uefiilel] €RCY 1N the
apparatus, or Lo effectively utilize heat,” for exanple. For exanple,

referring téaﬂi@ffﬂmea{d@eﬁe Sehidind 0T Japanese gl diitd=Geen Nos.
60- 193931, 2003-128595, and 2010-90082 is effective when adding a

conpr essor ,pi¥t pot, heat exchanger and the |ike. Further, these
docunents can also be referred to fromthe perspective of operation
tenperature ahe pxessuséonl "elpedisenkbat fommodklimsedahdrehe type of
sol vent, for exanple. Exanples [0072) The present invention will now
be descri betkpresmrtes detaidtdmisedradniashe § dieowatg Bk aimpsl lesledHowever, t he
present invention is not limted to the bel ow descri bed Exanples. [0073]
(Reacti on Hdsylff@ymula and the composition of the required oxygen

based on the sum of those atomic ratios and the oxidation

numbers. In an oxide containing metals that can have

various oxidation numbers, since it is essentially

impossible to specify the number of oxygen atoms, the

number of oxygen is formally denoted as "x". For example,

when obtaining an oxide by preparing a slurry that

includes a Mo compound, a Bi compound, and an Fe compound,

and drying and/or baking the slurry, the atomic ratio of

the metals included in the slurry and the atomic ratio of

the metals in the obtained oxide can be thought to be

essentially the same. Therefore, the formula obtained by

adding Oy to the charging composition formula of the

slurry is the experimental formula of the obtained oxide.

Further, in the present specification, like the above-

described charging composition of the slurry, the formula

representing the intentionally controlled components and

the ratios thereof is also referred to as "composition

formula". Therefore, in the above-described example, the

formula obtained by taking away Oy from the experimental

formula is the "composition formula".

[0060]
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rati o, and
the foll owm
(Nunber of
(NunmbMol es
But adi ene)

I n Exanpl es and Conparative Exanpl es, the n-butene conversion
the 1, 3-but adi ene selectivity and yield were defined based on
ng equations to illustrate the reaction results. [Equation 2]
Moi es of Reacted n-Butene)y A%Butene Conversion Ratio (%

or Fed n-BLitene) [Rouation 31 (Nunber of Mdles of Produced
But adi ene Selectivity (%9 = X100

Although the role of the arbitrary components
represented as A, B, C, D, and E is not limited, in the
field of oxide catalysts having Mo, Bi, and Fe as
essential components, the role of these arbitrary
components can basically be thought as follows.
Specifically, A and E improve catalytic activity, B and C
stabilize the structure of the oxide for the purpose that
contains Mo, Bi, and Fe, and D has an effect of re-
oxidizing the oxide. If p, g, a, b, ¢, d, and e are in
the preferred range, these effects can be expected to be
much greater.

[0061]

In the above-described composition formula, a more
preferred composition is 0.1 < p £ 0.5, 1.5 < g =< 3.5,
1.7 <a< 9.0, 0.02 <b<0.5 0.5<c<£4.5 0.02<d¢
0.5, and 0 < e £ 4.5, and in an even more preferred
composition, B is rubidium, potassium, or cesium, C is
magnesium, and D is cerium, and 0.15 < p £ 0.4, 1.7 = g <
3.0, 2.0 <a <8.0, 0.3 <b<0.3, 1.0<c¢c 3.5, 0.05¢x
d 0.3, and 0 < e £ 3.5. If A is nickel, B is rubidium,
potassium, or cesium, C is magnesium, and D is cerium,
the conjugated diolefin yield tends to be higher, and the
catalyst can usually be conferred with resistance to
reductive degradation.

[0062]
The carrier can be effectively used in a range of,

based on a total of the carrier and the oxide, preferably



(Nunber of Mol es of Reacted n-Butene) [Equation 4] (Nunber of Ml es of
Produced But adi ene) Bul adiene Yield (% X 1 0 0 (Nunber of Ml es of Fed
n- But ene) [00741 (Reaction Apparat us) As the flilidized bed. type
reaction apparatus, a fluidized bed Fedétor made from SU8304 having a 3
inch pipe dianmeter and a hei ght of 95 nm was used. [0075]
30 to 70% by weight, and more preferably 40 to 60% by
weight. A catalyst comprising a metal oxide that
contains Mo, Bi, and Fe can be obtained by a known method,
such as a method that includes a first step of preparing
a raw material slurry, a second step of spray drying the
raw material slurry, and a third step of baking the dried
product obtained from the second step. The carrier is
preferably silica, alumina, titania, or zirconia. Silica
is more preferred as the carrier. Compared with other
carriers, silica has a lower activity, and has an effect
of bonding well with the catalyst without causing the
activity or the selectivity of the catalyst with respect
to the target product to deteriorate. Further, by
supporting an oxide on a carrier, good physical
properties that are especially suited to use in a
fluidized bed reaction, such as particle
shape/size/distribution, fluidity, and mechanical
strength can be obtained.
[0063]
(2) Production Method
A preferred mode of the method for producing the
catalyst, which includes a first step of preparing a raw
material slurry, a second step of spray drying the raw
material slurry, and a third step of calcined the dried
product obtained from the second step, will now be

described.

[0064]



(Raw Material M xed Gas) A raw material mxed gas wth a conposition
inanolar ratio of EBBS/air/nitrogen of 1/2 to 12/97 to 87/bal ance was fed
to the reaction apparatus at a flow . 6 - rate F of 500 to 2,500 NL/hr
(based on NTP). The used BBSS had a C4*conponent conposition of
1- but ene: 2-trans- hut ene2- ci s- but ene: i schut ene; n- but ane; i sobur ane; but adi ene
41.3;17.7;13,5;5.6:10.1;4,7:1.1. [0076] (Reaction Conditions) The
reacti on was carlm etheoufti nendestepondi trisonsatkerd ale@duiray tenmpdtatimes T of
325 to 370C, reaction pressure P of 0.05 MPaG and catal yst wei ght W of
1,200 g. [OoFreparing the catalyst raw materials. Examples of the
elemental source for the respective elements of
molybdenum, bismuth, iron, nickel, cobalt, alkali metal
elements, magnesium, calcium, strontium, barium, zinc,
manganese, rare earth elements, chromium, indium, and
gallium include an ammonium salt, nitrate, hydrochloride,
sulfate, organic acid salt and the like that are soluble
in water or nitric acid. Especially, as the elemental
source for the respective elements, an ammonium salt is
preferred as the molybdenum source, and the respective
nitrate is preferred for bismuth, iron, nickel, alkali
elements, magnesium, zinc, manganese, and rare earth
elements. As described above, an oxide, such as silica,
alumina, titania, or zirconia, can be used for the oxide
carrier. It is preferred to use silica as the carrier,
and to use a silica sol for the silica source. Regarding
impurities in the silica sol, it is preferred to use a
silica sol containing not more than 0.04 aluminum atoms
per 100 atoms of silicon, and more preferably a silica
sol containing not more than 0.02 aluminum atoms per 100
atoms of silicon. Preparation of the raw material slurry
can be carried out by adding an ammonium salt of
molybdenum that has been dissolved in water to a silica
sol, and then adding a solution obtained by dissolving a

nitrate of the respective elements of bismuth, a rare

earth element, iron, nickel, magnesium, zinc, manganese,



(Contact Tine) The contact time was defined based on the foll ow ng
equation. [Equation 51 Contact Tine (giseoicc) - INx5, 6x 2 7 5, 15 x (Px
100 0+1 G 1- 32 5)

- 49 -

and an alkali element in water or aqueous nitric acid.
When preparing the raw material slurry in this manner,
the addition order may be changed from that described
above.
[0065]

In the second step, spherical particles are obtained
by spray drying the raw material slurry obtained from the
first step. Atomization of the raw material slurry can
be carried out by a method commonly performed
industrially, such as a centrifugal method, a two-fluid
nozzle method, and a high-pressure nozzle method. It is
especially preferred to perform the atomization of the
raw material slurry using a centrifugal method. Next,
the obtained particles are dried. As the drying heat
source, it is preferred to use steam or air heated with
an electric heater and the like. The temperature of the
drier inlet is 100 to 400°C, and preferably 150 to 300°C.
[0066]

In the third step, the desired catalyst is obtained
by calcining the dry particles obtained from the second
step. It is preferred to dry the particles at 150 to
500°C as necessary, and then calcining for 1 to 20 hours
in a temperature range of at 500 to 700°C, and preferably
a temperature range of 550 to 700°C. The calcination can
be carried out using a calcining furnace, such as a

rotary furnace, a tunnel furnace, and a muffle furnace.



x ( 27315+ ) x al, 325 wherein Wrepresents the anount of a
catalyst (g), F represents the flowrate of a raw material m xed. gas
(NE/ hr, based on NTP), T represents the reaction. tenperature (C, and P
represents the reaction pressure (MPaSpo [F00781

It is preferred that the catalyst has a particle size
distribution in the range of 10 to 150 pum.

[0067]

[3] Conjugated Diolefin Production Apparatus

The apparatus for the conjugated diolefin production
according to the present embodiment has:

a reactor accommodated with a catalyst which
comprises a metal oxide and a carrier; and

a quenching tower connected to the reactor.

This production apparatus can be preferably used in
the above-described method for producing a conjugated
dioclefin. Specifically, a hydrocarbon containing a
monoolefin that has 4 or more carbon atoms and oxygen is
fed into a reactor in the above-described production
apparatus, a product gas by reaction containing a
conjugated diolefin thus produced flows into the above-
described quenching tower, and is washed with a guenching
agent in the quenching tower. It is preferred to use an
organic amine aqueous solution as the gquenching agent,
and to also use an aromatic organic solvent in
combination.

[0068]

A preferred mode of the apparatus for the conjugated
diolefin production according to the present embodiment
will now be described with reference to FIGS. 6 and 7.

[0069]



(Anal ysis of Product Gas by Reaction) - 57 - Anal ysi s of the product
gas by reaction was carried out using a gas chromatography apparatus
directly connected to the fluidized bed reactor (GC-2010 (nmanufactured by
Shi madzu Cor poration), analysis col um®1HP- ALS (nanufactured by Agil ent
Technol ogies, Inc.), carrier gas: helium colum tenperature: after gas
injection, holding for 8 mnutes at 100C, then increasing tenperature to
195C at 10C/ mi nFIand et Hen ahdlidighgnf echéBantipuley at1h8h€atTOD ahher nal
conduction detector)/FID (hydrogen flame ionization detector) set

t enper at ur eexRFUE GO0 |ag@ueriots MprTewerdnjugatefs did eduienchi ng tower, a
quenching tower made from 513.5304 having a can portion (tower bottom mnth
a pi pe di arfBiFUPTLIFOEGAAEHNSA Heitdint eEo0 mnkadinentowerhporti on
(quenchi ng portlon) with a pipe dianmeter of 100 nmm and a height of 1,000 mm
above the c&l‘rPC}itﬁ G s NRASE L OPh S HUEREi W fo1am dianvaeafitAhed | nt o

three stages i i C id t awn fromthe t ower bottom was sprayed

at an upper es‘l%gfero‘%l r&i‘?ﬂd‘?%tq%‘?r%l ’g'fﬁj EtgYeEatto é’xcept for the

follow ng Case dhllrg)g? selc7t010na,nd c?olsl‘/wt‘!{she peqcthl.evell}/enéhlng tower
by coming into contact with an organic amine aqueous
solution or an organic amine aqueous solution and an
aromatic solvent. The washed product gas by reaction
runs out from the top of the tower, and is introduced
into the bottom of an absorption tower. The product gas
by reaction introduced into the bottom of the absorption
tower is absorbed by a solvent (e.g., xylene, a mixed
Xylene, or toluene) in the absorption tower, and runs out
from the bottom of the tower as a conjugated diolefin-
containing solution. On the other hand, an off-gas runs
out from the top of the absorption tower. The conjugated
diolefin-containing solution withdrawn from the bottom of
the absorption tower is introduced into an upper portion
of a stabilizer. If an inert gas is included in the raw
material components, the inert gas is separated from the
conjugated diolefin-containing solution at the stabilizer.
The conjugated diolefin-containing solution from which
the inert gas has been separated is stripped from the
bottom of the stabilizer, and is introduced into a flash
tower. The solvent is separated from the conjugated

diolefin-containing solution at the flash tower. Then, a



(Anal ysis of Liquid at Bottom of Quenching Tower) Analysis of the liquid at
the bottom of the quenching tower was carried out in the followng two
ways. - 58 (1) Using a gas chromatography apparatus (GC 2010
(manuf act ured by Shi madzu Cor por ati on) >2anal ysi s col uim: CP- Yol ami ne

(manuf actured by Varian Inc.), carrier gas: helium colum tenperature:
after holding for 10 mnutes at 40C, then increasing tenperature to 300C at
10C/ mi n andshoheh g, 1kt Did hryslroige nedn -pures i eahi diat 1 eofni rd etret tvor e s etuns
tenperature: 250C) the analysis was carried out. (2) Using a gas

chr omat ogr aphy fass spectopnet erhd GEWVBP200d Pl 1sf € drarufactendansdy-

Shi madzu Corporation), GC analysis colum: DE-WAX (manufactured by Agil ent
Technol ogi eShe | watyr tars¢prrgybed Hedh uphe cod vl e nper BitrenIe?T gas
injection, holding for 11 mnutes at 60C,  then increasing tenperature to
135C at 7. 5CPnPhtainl & oweddyCortreasehgliehpeiat urdio at 11,50 ni n,

and hol ding for 20 m_nutes, _ionization node:, ctron ionLzatpon (El') M
i on source FeRperateredioppElNahd sié?rp?emjcﬁcﬁ%e‘?t?%?‘rp%# a?‘utjej.c 50)C) t he

anel Yol e ERLILe ol 00BEL (Pabypplodione Mmlosiol, Al ysis of

oDt o RTINS MEoanr-ar sl D it

wei ght (Mv and, Vh.based;Qp;$tapdand BoL¥St ¥6ePebaaRd a solution of
the crude conjugated diolefin, which is withdrawn from
the bottom of the column. The distilled crude conjugated
diolefin solution is introduced into a stripping tower,
where butane, for example, is separated from the top of
the tower. The solvent in the crude conjugated diolefin
solution is separated at the stripping tower, and crude
conjugated diolefin stripped from the top of the tower is
introduced into a second extractive distillation column.
At the second extractive distillation column too, a
solvent is similarly sprayed from the top of the column
like at the first extractive distillation column, to
produce a crude conjugated diolefin solution. The second
extractive distillation column is operated at a
temperature at which the component including the
conjugated diolefin is distilled from the top of the
column, and the solvent in which impurities, such as
acetylene s, are dissolved is separated from the bottom
of the column. Consequently, the crude conjugated

diolefin is distilled from the top of the second



Mv Mh at a neasurenent tenperature of 40C, [0082] - 59 - (Exanple 1) (a)
Preparation of Catalyst A catal yst was prepared in the follow ng
manner by supporting an oxi de having a conposition represented by

Mb12Bi 0, 60FelNi 5, 01( 0, 09Rb0, 05Ma2, 0Ce0535-0n 50% by wei ght of silica, To
3,000 g of a silica sol containing 30% by weight of 91.02, a solution
obt ai ned by di ssol vi ng 95. 9 d of bisnmuth nitrate [Bi (NGB)3.5H20], 107.4 ¢

F]I;egﬁlz)i?u%né@&ir—%é]ﬁc [&eé}]Bs %Ta ni gL qozl%%[ r a?‘g%ﬁl [:ﬁlgB?SEV ﬁ%gf‘m%g 2 g of
rznagngsi)]tcjm &Lé d-?éum nitrate ]%% meztk%'/]?) agegte%éhl%él 6%dEy I ght ni t]r| Cand

acid. Lastlyitd midie BB%ltleg S0l W ipn ohtqjmned by vl seawateHW: 6 g of
anmoni um par anol ybdate [ (N 186Nb7024 4H20] in 1, 407 2 m “of water was

added. The fiesut 18 4w 1S eid @indraparald o WS Sentation qanade! - f | ow
i from the crude conjugated diolefin distilled from the

second extractive distillation column, a purified

conjugated diolefin is obtained.

[0070]

FIG. 7 is a diagram schematically illustrating
another example of an apparatus for a conjugated diolefin
production according to the present embodiment. Since
the reactor, the quenching tower, and the towers/columns
after the first extractive distillation column in the
apparatus illustrated in FIG. 7 are the same as the
example illustrated in FIG. 6, only the differences will
be described here. The product gas by reaction washed at
the quenching tower is introduced into a dewatering tower
packed with a dewatering agent, such as molecular sieves,
withdrawn from the bottom of the tower, and fed to a
solvent absorption tower. The product gas by reaction
comes into contact with a solvent that is sprayed by the
solvent absorption tower to produce a conjugated
diolefin-containing solution. The produced conjugated
diolefin-containing solution is withdrawn from the bottom
of the tower, and is introduced into a degassing tower

and a solvent separation column. If an inert gas is

included in the raw material components, the inert gas is



drier, and dried at an inlet tenperature of about 250C and an outl et
tenperature of about 140C. The preparation was atom zed using an

atom zati on apparatus equi pped with a dish-shaped rotor arranged in the
m ddl e of the upper portion of the driBs.-The obtai ned powder was
precal cined for 1 hour at 350C under an air atnosphere in an electric
furnace, then calcined for 2 hours at 590C under an air atnosphere to

obtain the ) - it adi 3 iGii.Qn. Reacti
1200, g of t%%s%%%%%sj%xoogggg aqenecﬁu%%%da%v%%%g{;c% edq%:llar%é?ll yste il
prepar at i ong§{.ep; 2) a asn & N Hesk 148 O @ik SUS 34 thiew, diczed sbedeheagisor

having a 3 1 nch pipe dianeter and a height of 950 mm A raw material gas (n

- but ane conggpd ¥ atd @neLdm ALY 9] edVidibre LoMasidd Oning a nolar ratio
of EBBS/air/nitrogen of 1/3.7/95,3/balance was fed to the reactor at a flow

rate F of 92010Nibr {basesd oL, sapl#t T@acts bmmaswioarebeds out under
conditions of a reaction tenperature T of 360C and a reaction pressure P of
0, 05 MPaG t erofit atondugaiosdicdighst by reachtiaimedhe contact tinme between the
catal yst and the raw material gas was 3.0 (g.sec/oc). The

[0071]

Further, in the examples illustrated in FIGS. 6 and
7, although description of a compressor, a drain pot, a
heat-exchanger and the like is omitted, these parts may
be appropriately added based on operational necessity or
efficiency in the apparatus, or to effectively utilize
heat, for example. For example, referring to the
apparatuses described in Japanese Patent Laid-Open Nos.
60-193931, 2003-128595, and 2010-90082 is effective when
adding a compressor, drain pot, heat exchanger and the
like. Further, these documents can also be referred to
from the perspective of operation temperature and
pressure of the distillation columns, and the type of
solvent, for example.

Examples
[0072]

The present invention will now be described in more
detail based on the following Examples. However, the
present invention is not limited to the below-described
Examples.

[0073]

(Reaction Results)



EBBS used for a. raw material had a C4 conponent conposition of

1- but ene2-trans- but ene: 2- ci sbut ene: i sobut ene: n- but ane: i sobut ane: but adi ene
41.317.7:13.5:5.6)16.1:4.7:1.1. [0084] Anal ysi s of the product gas by
reaction was carried out as described above using a gas chronat ography
apparatus directly connected to the reactor and a quenching tower. The
reaction results 24 hours after the reaction started were an n-butene

conversion rati (?InOfE>L%.§~ZJE1%s %n*aUR:%q\ba@ata%e@kbmbmésof £83. 1% uaBded
but adi ene yield of 79, 4% [0085] (c) Quenching of Product Gas by Reaction

-1 - Thsn R adiust gasidy drenciion ohinitedd dit tdi aliove 15t efd b) was
introduced into a | ower stage of a. quenchi ng tower (nmade from 8U2304

havi ng a quensihd ngerenide f{inde bl setar R0 fonldwirghteduddG®maton an upper
portion of the bottom (tube diaMeter. 200 nm height 300 M), An aqueous
sol uti on. ofl RE96tatendilghtremrogitharesdEtisne was sprayed. as a quenchi ng
agent from an upper stage of the quenching tower at 500 Lihr, and a

di scharge gas was obtained fromthe top of the quenching tower. At this

poi nt, the tenperature of the discharge gas fromthe top of the quenching
tower was S50EIUFRFIhet] the

(Number of Moles of Reacted n-Butene)

n-Butene Conversion Ratio (%) = X100
(Number of Moles of Fed n-Butene)

[Equation 3]

(Number of Moles of Produced Butadiene)
Butadiene Selectivity (%) = X100
(Number of Moles of Reacted n-Butene)

[Equation 4]

(Number of Moles of Produced Butadiene)

Butadiene Yield (%) = X100
(Number of Moles of Fed n-Butene)

[0074]
(Reaction Apparatus)

As the fluidized bed type reaction apparatus, a
fluidized bed reactor made from SUS304 having a 3 inch
pipe diameter and a height of 95 mm was used.

[0075]
(Raw Material Mixed Gas)

A raw material mixed gas with a composition in a
molar ratio of BBSS/air/nitrogen of 1/2 to 12/97 to

87/balance was fed to the reaction apparatus at a flow



concentration of 4-nethyl-4-formyl-1-cyclohexene and nethacrolein in the
liquid at the bottom of the quenching tower was 1,140 ppm by wei ght, and
the concentration of benzoic acid was 133 ppm by wei ght. Throughout 3

nont hs or nore of operation, the pressé@fe-in the quenching tower was

mai ntai ned at 0.05 MPaG which was the sane as that of the fluidized bed
reactor, and there were no bl ockages. [0086] (d) Purification of Butadiene
Usi ng the appagakuseibbistsasegod WENG Thasde uanched dirscharge gas was
subjected to a dewatering step, a recovery step, a degassing step, a

but adi ene sgpag aki@na St £pco@penéner tistepduit atkbenef purblit ead | DAt sdep- Mre
specifically, a purification apparatus was assenbled in the sane manner as
t he downst reatepet i obsibatehbei golencdhagnt ower illustrated in FIG 1 of
Japanese Patent - 62 - Laid-Open No. 2010-90082, and the di scharge gas
fromthe topubénehesquehghengutadkeengas subjected to separation of the
condensate water, pressurization with a conpressor, and re-cooling and.
wat er separatidanl7TReh3 . Phe-Peshl Laht 7ptolluct was introduced into a

dewat eri ng tower packed with nol ecul ar sieves. The dewatered gas was

i ntroduced ilAPB64 recovery tower, and then subjected to countercurrent
contact w th_di nethyl formam,de §et at aliquid tenperature of 30 to 40C.
The obt ai nedRBAF54P nEOQgEG%PBﬁ was purified by introducing it into an

extractive distil}ation colym,Lo.oPLaly Bu¢ Adh&0F DaNhIE:GnBUEEtY Of
reaction temperature T of 325 to 370°C, reaction pressure
P of 0.05 MPaG, and catalyst weight W of 1,200 g.
[0077]
(Contact Time)

The contact time was defined based on the following

equation.

[Equation 5]

W X3, 6X273. 165x (PX1000+101. 325)

Contact Time (g-sec/cc) =
FX(273. 15+T)%x101. 325
wherein W represents the amount of a catalyst (g), F
represents the flow rate of a raw material mixed gas
(NL/hr, based on NTP), T represents the reaction
temperature (°C), and P represents the reaction pressure
(MPaG) .
[0078]

(Analysis of Product Gas by Reaction)



[0087] (e) Polynerization of Butadiene A 1.5 L autocl ave that had
been purged with nitrogen was charged with 50 g of the butadi ene obtai ned
in the above-described step (d), 200 g of cycl ohexane, 0.556 muol of
n-butyl lithium and 0.1 nol/L THF, andgl7pel yneri zation was carried out for
1 hour at 70C to obtain polybute.diene. After polynerization finished, the
tol uene was renoved and the pol ybut adi ene was recovered. Determ nation of

e, et YR St LM 2101000, ot 1602023001 b
product gas, Yy 4Lafd PNy 2Nth RHAHRS R EHJCa RN WelR:tagf i ed out
connected to the fluidized bed reactor (GC-2010

(manufactured by Shimadzu Corporation), analysis column:
HP-ALS (manufactured by Agilent Technologies, Inc.),
carrier gas: helium, column temperature: after gas
injection, holding for 8 minutes at 100°C, then
increasing temperature to 195°C at 10°C/min, and then
holding for 40 minutes at 195°C, TCD (thermal conduction
detector) /FID (hydrogen flame ionization detector) set
temperature: 250°C).

[0079]

(Quenching Tower)

As the quenching tower, a quenching tower made from
SUS304 having a can portion (tower bottom) with a pipe
diameter of 200 mm and a height of 300 mm and a tower
portion (quenching portion) with a pipe diameter of 100
mm and a height of 1,000 mm above the can portion was
used. The quenching portion was divided into three
stages, in which a liquid withdrawn from the tower bottom
was sprayed at an upper stage, a middle stage, and a
lower stage at, except for the following cases, 100, 170,
and 160 L/Hr, respectively.

[0080]
(Analysis of Liquid at Bottom of Quenching Tower)

Analysis of the liguid at the bottom of the

quenching tower was carried out in the following two ways.



- 83 in the sane manner as in Exanple 1, except that an aqueous sol ution of
25% by wei ght di et hanol am ne was used. as the quenchi ng agent of the
product gas by reaction in the step (c). [0089] Thr oughout operation
the pressure in the quenching tower was8mai ntained at 0,05 MPaG which was
the sane as that of the fluidized bed reactor, and there were no bl ockages.
At this point, the concentration of 4-nmethyl4-fornyl-1-cyclohexene and

met hacr ol ei r(l}], n t}&qﬁ}wg& aéhrtg}rgae,_lr%%agm C:‘a Luehclidng digner was 234 ppm

by wei ght, the conc I on of was 76 ppm by weight, and

but adi ene hayingr & PEFLY Yo Pf s99n3%eWaso s 24 Hesh ) Thendmbecal @s1weh ght  of
t he pol ybut adi ene obt ai ned by pol ynerizing this butadiene in the sane

nmanner as i opEtanphend Wﬁénﬁ@é@ﬁuﬁéé,BQOVaﬁha@fIﬂQY)DOQarﬁﬂdrN@ééh of 1.08.
[ 0090] (Exanple 3) But adi ene product-o0.n, quenching of the product
gas by reachedbumandobuhadtenpepatiutecabtfoarveokbdtagrfed bdbutmimitde sane
manner as in Exanple 1, except that an aqueous sol ution of 25% by wei ght
tri et hanol agtneot@s tisad ascitdws quenohigwragerd twof 10 CpradacfCgasnby
reaction in the step (c). Throughout operation the pressure in the
quenchi ng t enér heaadingi nFaPnébydrogensiae 1aniehtivas €AESSHAE) a8Sthat of
the fluidized bed .

temperature: 250°C), the analysis was carried out.

(2) Using a gas chromatography mass spectrometer (GCMS-

QP2010 Plus (manufactured by Shimadzu Corporation), GC

analysis column: DB-WAX (manufactured by Agilent

Technologies, Inc.), carrier gas: helium, column

temperature: after gas injection, holding for 11 minutes

at 60°C, then increasing temperature to 135°C at 7.5°C/min,

followed by increasing temperature to 250°C at 11.5°C/min,

and holding for 20 minutes, ionization mode: electron

ionization (EI) MS ion source temperature: 200°C, and MS

sample chamber temperature: 250°C), the analysis was

carried out.
[0081]
(Polybutadiene Analysis)

Analysis of polybutadiene was carried out using a
gel permeation chromatography apparatus (GPC-8020
(manufactured by Tosoh Corporation) with tetrahydrofuran
(THF) as the mobile phase) to determine the molecular
weight (Mw and Mn based on standard polystyrene) and

Mw/Mn at a measurement temperature of 40°C.

[0082]



- 64 - reactor, and there were no bl ockages. At this point, the
concentration of 4-nethyl-4-fornyl-1-cycl ohexene and nethacrolein in the
liquid at the bottom of the quenching tower was 787 ppm by wei ght, the
concentration of benzoic acid was 55-ppm by wei ght, and but adi ene having a
purity of 99.3% was obtai ned. The nol ecul ar wei ght of the pol vbut adi ene
obt ai ned by polynerizing this butadiene in the sane nanner as in Exanple 1
was Mwv of ZéﬂkéMﬂ% Mg of 198,000, and Mwv Wh of 1.08. 00911 (Conparative
Exanpl e 1) Ut adi ene production, quenching of the product gas by

reaction, and butadi-ene purdd icatdigxwere carried out in the same manner as
in Exanple 1, except that water was used as the gquenchi ng agent of the

product gas by meagkiaafsitnwhike pstphree) inDihngoopekahyonahherpbgssure in
the Quenching tower increased over tine. Wen the pressure reached 0.09

MPaG an opeippdispect N oSl arattiedy eutcomprarietiyrblregkagestwel éyf ound i n
the top of the quenching tower. At this point, the concentration of
4- net hy 1- 4-MopRyd sdFayd ohacen@baneMgebBackole b d%n yhevdighd dfat t he
bottom of the amenchina tower was 130 ppm by weight, benzoic acid was not
det ect ed, a#idlira adTend QP ggod pusiitlycef s93. 0wEad nopTarA&dbYThe
nol ecul ar wei ght of the pol ybut adi ene obt ai ned_ by polynenizing this
but adi ene iTEIHE S Hennér S84 UtA OB eRpPANEIWRY MWSEP1Y8239085.- °MF of
109, 000, and Ms Mh of 1.76. 65 [0092] ,
of bismuth nitrate [Bi(NO;)3-5H,0], 107.4 g of cerium
nitrate [Ce(NO3)36H,0], 239.8 g of iron nitrate
[Fe (NO3)3-9H,0], 479.6 g of nickel nitrate [Ni (NO;),-6H0],
169.2 g of magnesium nitrate [Mg(NO;).-6H,0], 2.9 g of
potassium nitrate [KNO3;], and 2.5 g of rubidium nitrate
[RbNO3;] in 675.5 g of 16.6% by weight nitric acid.
Lastly, to the mixture, a solution obtained by dissolving
698.6 g of ammonium paramolybdate [ (NH;)M070244H,0] in
1,407.2 ml of water was added. The resultant raw

material preparation was sent to a parallel-flow spray
drier, and dried at an inlet temperature of about 250°C
and an outlet temperature of about 140°C. The
preparation was atomized using an atomization apparatus
equipped with a dish-shaped rotor arranged in the middle
of the upper portion of the drier. The obtained powder

was precalcined for 1 hour at 350°C under an air

atmosphere in an electric furnace, then calcined for 2

hours at 590°C under an air atmosphere to obtain the

catalyst.

[0083]



(Conpar ative Exanpl e 2) But adi ene production, quenching of the product
gas by reaction, and butadiene purification were carried out in the sane
manner as in Exanple 1, except that 25% by wei ght of sodi um hydroxide
aqueous sol ution was used as the quenchibng agent. of the product gas by
reaction in the step (c). During operation the pressure in the quenching
tower increased over tine. Wen the pressure reached 0.08 MPaG an open

i nspection ggzrﬁgééafébéngran@gﬁﬁ%-§g§@$ﬁg§s were found in the top of the

guenching t t i s point, concentration of 4-nethyl-4-fornyl-1-

cycl ohexene and NeidiRG Ql€idhd Rdthe Jdtdwist aatnedhe rbeteommefvd-he quenchi ng-
tower was 317 ppm by wei ght, the concentration of benzoic acid was 70 ppm

by wei ght, @adchbubadi €aeahpwt ngréppidtion oft&9. 0% wass ottt gedl. 1Tthe

nol ecul ar wei ght of the pol ybut adi ene obtai ned by polynerizing this

but adi ene i ant bessaaef Pahdezedsbéd Fxarpbe Hawasgy My dfid€8, 900 M of

139, 000, and Mm Mh of 1.42. [0093] (Exanple 4) But adi ene producti on,
quenchi ng oflithetgroaudtagasidpyt refic®Ponmmand mavadisdes ipdr ifacation were
carried out in the same manner as in Exanple 1, except that BBSS having a
(@] Conponenbucgnpogpncgnt@ation of 7% by volume) with a composition

1- but ene: 2-trans-but ene: 2-ci s- but en :lsybutene:n- 66 .
butane:isobapaﬁemﬁéﬁﬁdFéHéo-Qf4§5§$281§.ﬁ%?@?@?%:?%.6:4.9(1.1 was used for

he hyd ial. R i | b d i f th
obtai ned o odact/ 35 SEpSTBRER | DR ohoRokPS Pt BRECTES  BHCE DHOR APEEA wer
- but i ti f 97,29 b dj Lect ] VLt +82. 3%
Zﬂdna.ubﬁ?:&?&ﬁgggﬁgﬁg/hgfRgﬁgﬁgbon ﬁ%P?, gk& éeggaégkgﬁ kX5 XaQEléé 9

out under conditions of a reaction temperature T of 360°C
and a reaction pressure P of 0.05 MPaG to obtain a
product gas by reaction. The contact time between the
catalyst and the raw material gas was 3.0 (g-sec/cc). The
BBSS used for a raw material had a C4 component
composition of 1l-butene:2-trans-butene:2-cis-
butene:isobutene:n-butane:isobutane:butadiene =
41.3:17.7:13.5:5.6:16.1:4.7:1.1.

[0084]

Analysis of the product gas by reaction was carried
out as described above using a gas chromatography
apparatus directly connected to the reactor and a
quenching tower. The reaction results 24 hours after the
reaction started were an n-butene conversion ratio of
95.5%, a butadiene selectivity of 83.1%, and a butadiene
yield of 79.4%.

[0085]

(¢) Quenching of Product Gas by Reaction



[ 0094] Thr oughout operation the pressure in the quenching tower was
mai nt ai ned at 0.05 MPaG which was the sane as that of the fluidized bed
reactor, and there were no bl ockages. At this point, the concentration. of
4- et hyl 4-f or mv1- 1- cycl ohexens and nethacfolein in the liquid at the bottom
of the quenching tower was 572 ppm by wei ght, and butadi ene having a purity
of 99. 5% was obtai ned. The nol ecul ar wei ght of the pol ybutadi ene obtai ned

by pol yneri zi ng i i i s:L.n a 1 was Mw of
2177000, M- of “S00L50 E i N ST 04, DL OBGRr e Lhakgte Erre” A

catal yst was 4y epar eghd n e, dild LW raaqwerbxéé%?@%rft Ingramifde having
a. conposition represented by Mc12Bi 5Re0. 3eNi 2. 7 . 7TNa0. 35Ko. i Bo. 2 on 50%
by wei ght ofowdd | Gael b B 0df 1nsidd A geindmeiuaing 3@%dyy wei ght

8i 02, a solution obtained by dissolving 799.7 g of bisnuth nitrate, 46.6 9
of iron nitdadmsted58.0 gmof HuieRked 1,Wdo ang 209 .2h apgferc@ealttion tofat e

[ Co(1103)2.6H20], 9,81 g of sodiumnitrate [NaNO], 3.33 g of potassium
nitrate, anthel. )8 tgpnof (thdrd clisoiet frHPB®, mni, N h2 600G ¢ 0f rb6.)6% By wei ght
nitric acid was added. Finally, to the m xture, a solution obtained by

di ssol vi ng #8898 ®15y ssflwtrimoniim 3 oo lwaiidette nionos 4Gl aing vedt er was
added. The resultant raw material preparation was dried and calcined in the
same mannerSRSYEY Béarfp| Blenghpishtagent He@nted yarey gogale of the

quenching tower at 500 L/hr, and a discharge gas was
obtained from the top of the guenching tower. At this
point, the temperature of the discharge gas from the top
of the quenching tower was 50°C. Further, the
concentration of 4-methyl-4-formyl-1l-cyclohexene and
methacrolein in the liguid at the bottom of the gquenching
tower was 1,140 ppm by weight, and the concentration of
benzoic acid was 133 ppm by weight. Throughout 3 months
or more of operation, the pressure in the quenching tower
was maintained at 0.05 MPaG, which was the same as that
of the fluidized bed reactor, and there were no blockages.
[0086]
(d) Purification of Butadiene

Using the apparatus illustrated in FIG. 7, the
quenched discharge gas was subjected to a dewatering step,
a recovery step, a degassing step, a butadiene separation
step, and a crude butadiene purification step. More
specifically, a purification apparatus was assembled in
the same manner as the downstream portion from the

quenching tower illustrated in FIG. 1 of Japanese Patent



Usi ng the obtained catal yst, butadi ene production, quenching of the product
gas by reaction, and butadiene purification were carried out in the sane
manner as in Exanple 1. Reaction results based on anal ysis obtai ned product
gas by reaction 24 hours after the reaeti en started were an n-butene
conversion ratio of 87.3% a butadiene selectivity of 82.2% and a

but adi ene yield of 71,8% [ 0097] Thr oughout operation the pressure in

t he quenchigig%%gd)&ﬁée%v&@g' bt ad atagd%gpﬁg%%%g%%s #-he, sane as that

of the flui reactor, and there were no At this point,

the Ponce“t%&sieﬁ eﬁe4;ﬁf@ﬁ@m&gf9csmll-da§y§wj@e@@ eHdapihaciohebn in the
liquid at the bottom of the quenching tower_was 840 ppm by wei ght, and

but adi ene haykngoAdPHELLY WE:O8,; 2%evasupbiat Ned. witle aotenptassaej ght of
t he pol ybut adi ene obtai ned by polynerizing this butadiene in the sanme

manner as i And68e=-cExaipyeaddwast v op209t 060. NMhef, 193G GRGulgrechtMv Mh of
1.10. [0098] (Conparative Exanple 3)

product was introduced into a dewatering tower packed
with molecular sieves. The dewatered gas was introduced
into a recovery tower, and then subjected to
countercurrent contact with dimethylformamide set at a
liquid temperature of 30 to 40°C. The obtained butadiene
solution was purified by introducing it into an
extractive distillation column to obtain butadiene having
a purity of 99.3%.
[0087]
(e) Polymerization of Butadiene

A 1.5 L autoclave that had been purged with nitrogen
was charged with 50 g of the butadiene obtained in the
above-described step (d), 200 g of cyclohexane, 0.556
mmol of n-butyl lithium, and 0.1 mol/L THF, and
polymerization was carried out for 1 hour at 70°C to
obtain polybutadiene. After polymerization finished, the
toluene was removed and the polybutadiene was recovered.
Determination of the molecular weight showed that Mw was
216,000, Mn was 202,000, and Mw/Mn of 1.07.
[0088]
(Example 2)

Butadiene production, quenching of the product gas

by reaction, and butadiene purification were carried out



Eut adi ene production, quenching of the product gas by reaction, and

but adi ene purification were carried out in the sane nmanner as in
Conpar ati ve Exanple 2, except that the catal yst obtained in Exanple 5 was
used. During operation the pressure insthe quenching tower increased over
time. Wen the pressure reached 0.09 MPaG an open inspection was carried
out, whereby bl ockages were found in the top of the quenching tower. At

this point i Qefqecc%%(fneﬁnﬁr[a%%&(}n a(?s]c iz}f rﬁg{at%%eg;lf,?%e ol (E)h(éltoggf(ene and

nmet hacrolei'n. in the liquid at thé bo enching tower was 310

ppm by wei Qah%ue@ﬁéd L4it adi £ne, Madang, a RUIHHY Qfe 13812048 OBt Redqg The

nol ecul ar wel ght of the pol ybut adi ennle obt™al ned by pol ynerizing this

but adi ene gy the aﬂf@ldmr}ggera i b EEIe-chusas My ¢fy 2@hQ0Gn N of
134,000, and MvW Mh of 1.5 00991 (Exanpl e 6) But adi ene producti on,
quenchi ng aofhd he-4y odiict gas by reaction, and butadiene purification were
carried out in the sanme manner as in Exanple 1, except that an aqueous
solution of (B%dly wei ght nobnoet hanol am ne was used as the Quenchi ng agent
of the product gas by reaction in the step (c). Throughout 2 nonths of -
69 - operation fleropoésstr epierationgtésc bireg suowe i nwasengivenahiad at 0, 05
MPaG which was the sanme as that of the fluidized bed reactor, and there
were no bl deRigfesvasama it iggichtat the T dRaént réidh wsfs 4Ahfettie A5 or ny1- 1-
cycl ohexene and nethacrolein in the liquid at the bottom of the quenching
tower was 46%2%h byl ghitd 12tk ReshcSrTERE ot BiZoi it was 43 ppm
by wei ght, .and but adi e havi ng a _puri of 99h8@6 s _obtai ned’'_, The
nol ecul ar ?ﬁﬁa%ﬁsth§%p6gﬂﬁgg8&F§nethét59988 y 2oLl Zi Ry ii's
but adi ene i %ﬁﬁ%ﬁ? n i n aml,e . My of 4, 090 of

— g i 1d
133 000, arid of %fﬁ{?’ge?béola% e S M P o MY

the bottom of the guenching tower was 834 ppm by weight,

the concentration of benzoic acid was 76 ppm by weight,

and butadiene having a purity of 99.3% was obtained. The

molecular weight of the polybutadiene obtained by

polymerizing this butadiene in the same manner as in

Example 1 was Mw of 213,000, Mn of 197,000, and Mw/Mn of

1.08.

[0090]

(Example 3)

Butadiene production, quenching of the product gas

by reaction, and butadiene purification were carried out

in the same manner as in Example 1, except that an

aqueous solution of 25% by weight triethanolamine was

used as the quenching agent of the product gas by

reaction in the step (c¢). Throughout operation the

pressure in the quenching tower was maintained at 0.05

MPaG, which was the same as that of the fluidized bed



(Exampl e 7) But adi ene production, quenching of the product gas by
reaction, and butadiene purification were carried out in the sanme manner as
in Exanple 1, except that an aqueous sol ution of 15% by wei ght

nonoet hanol am ne was used as the quenching agent of the product gas by
reaction in the step (o), Throughout operation the pressure in the
quenching tower was nmaintained at 0.05 MPaG which was the sane as that of

e oty ot [ EeR O, T SB6d Une AN LN, WS Sty Il OCKRORRA o bolis, RN, e

concentration o ormnyl cycl ohexene and nethacrolein in the

liquid at the, Dokt P oy the %mimym 1 Pendye Weight, and

but adi ene having a purity of owas obtai ned. The nol ecul ar wei ght of -
70 - the poLybuiadheae, obt ai nedi by POl yirer e i ek t dth Sobutlesli @nendimihdpe sane
manner as in Exanple 1 was Mwv of 215,000, Wh of 201,000, and Mwa Wnh of 1, 07.
[01011 (ExanpkerS8yas 787 Bubadbenee pglodyct hensomuenchs nipofof Heepzrodact gas
by reaction, and butadiene purification were carried out in the sanme manner
as in Exanpheid, wexceptpphaby ane bgiuepusnd obutadhend 80% by aebghity

nonoet hanol am ne was used as the quenching agent of the product gas by
reacti on i nofhe9stepwés)obTainadholhe perladwint e isftds ifr €8 t he
quenchi ng tower was maintained at 0,05 MPaG  which was the sane as that of
the fluidi zealphatpréaerer obaninefeP® ReFEABIBLBEKEGES. PAF2EhFREpdInt

nonoet hanol am ne was detected in the product gas by._r ti rynni_ng out
fromthe toph6f SERE HEBHRERI AY %Bm@??mgﬁ?tﬁeW?gtﬂg %Bngg%tbgﬁfo no?%

4-met hyl -4-fornyl-1- cycl] ohexen nd_nethacrolein in the liquid at the

bot t om of tﬁ882§8ﬂchﬁﬁé FHR@P Rgs?18§1o ppm by wei ght, the concentration of
benzoi c aCi30%$§ 311 ppm by wei ght, and butadi ene having a purity of 99.3%
was obt ai ned. é nmol ecul ar wei ght of the pclybutadi ene obtained by

gigygggiZREQCFRE%IQEH%gi%& mbAet R§ same manner as in Exanple 1 was Mw of
, , 0] 1,000, an Mh of 1.07. [0102]

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that water was
used as the gquenching agent of the product gas by
reaction in the step (c¢). During operation the pressure
in the quenching tower increased over time. When the
pressure reached 0.09 MPaG, an open inspection was
carried out, whereby blockages were found in the top of
the quenching tower. At this point, the concentration of
4-methyl-4-formyl-1-cyclohexene and methacrolein in the
liquid at the bottom of the quenching tower was 130 ppm
by weight, benzoic acid was not detected, and butadiene
having a purity of 99.0% was obtained. The molecular
weight of the polybutadiene obtained by polymerizing this

butadiene in the same manner as in Example 1 was Mw of

192,000, Mn of 109,000, and Mw/Mn of 1.76.



(Exanmpl e 9) But adi ene production, quenching of the product gas by
reaction, and butadiene purification were carried out in the sanme manner as
in Exanple 1, except that as the quenching agent of the product gas by
reaction in the step (c), an aqueous-sebtuti on of 25% by wei ght

nmonoet hanol am ne was sprayed from an upper stage and a m ddl e stage of the
gquenching tower at 100 L/hr and 170 Whr, respectively, and m xvi ene was
sprayed frcwﬁébzlower stage of the quenching tower at 160 L/ hr, For each of
t he quenchi hg adents, the withdrawn liquid fromthe respective stages was

recycl ed, apd,fhe whdrunliqu)d fromthe respective stages was re-fed to
the respective 'stages after "t he aqueous phase and the oil phase were

separated. Furt bgitadiRnd@®dehl-owony Bxamehesdt @, twaepraguatogaki ¢ agent
was enpl oyed as a quenching gent, the withdrawn liquid was circul ated after

t he aqueouspphasa-taitsh t hehidu s evgh e iseipartaited . wd¥EL@3{rried oulhr oughout
operation the pressure in the quenching tower was nmaintai ned at 0,05 MPaC,
whi ch was tihe Sesresase timainef ddelrf |Ruahisled bedxreaot athatarh% tthere were no
bl ockages. At this point, the concentration. of

4- met hyl 4- fweighit okt yeddhax énedzont deetdmeoleispiut idre wids htredwsd i qui d
fromthe upper and m ddle sections of the quenching tower was 1,367 ppm by
wei ght, thetkorteneatndreInbhen dike RIPUGE tFRS WY HeRERN I Gt 1% om t he

| ower section was 2,777 ppm by weight, and 72 - butadi ene ha inq a purity
of 99. 4% wast Dt & hed DUHHEINGIPELGHTAO W GhPTEF SUFE ol )F%@t ﬁfél‘ieéﬁ@ Ot ai ned

by polynerizing this butadi ene in the same manner as in Exanple 1 was Mwv of
213 00D, M B oG = Sth W NIEET- 1VG8 [GRopEesoure TEAthed

0.08 MPaG, an open inspection was carried out, whereby
blockages were found in the top of the quenching tower.
At this point, the concentration of 4-methyl-4-formyl-1-
cyclohexene and methacrolein in the liquid at the bottom
of the quenching tower was 317 ppm by weight, the
concentration of benzoic acid was 70 ppm by weight, and
butadiene having a purity of 99.0% was obtained. The
molecular weight of the polybutadiene obtained by
polymerizing this butadiene in the same manner as in
Example 1 was Mw of 198,000, Mn of 139,000, and Mw/Mn of
1.42.

[0093]

(Example 4)

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that BBSS
having a C4 component composition of 1l-butene:2-trans-

butene:2-cis-butene:isobutene:n-



(Exampl e 10) But adi ene production, quenching of the product gas by
reaction, and butadiene purification were carried out in the sanme manner as
in Exanple 1, except that as the quenching agent of the product gas by
reaction in the step (0), an aqueous-sébuti on of 8% by wei ght
nmonoet t hanol am ne was sprayed from an upper stage and a m ddl e stage of the
quenching tower at 100 L/hr and 170 L/hr, respectively, and m xyl ene was

sprayed frok%&@aﬁ@y\féoﬁﬁ%?e%uém nching tower at 160 L/ hr. Throughout

operation the pressure in the quenching tower was remai ned at 0.05 MPaG
which was the sapg @asidhaty of . 1des fA Ub 0i zedyhedig@nctor ciand there were no
bl ockages. At this point, the concentration of 4-nethyl-4-fornyl-1-

cycl ohexenenpadodBEHRST L4RI fat drihE. WiRdadrawn Ireguild f kemechenupper and

m ddl e sections of the quenching tower was 110 ppm by wei ght, the

concent r at i gRaDfsbena@pi ehacodidt & tnédepmbdinetr ayas | byurebdt Dom t e howes
section was 2,828 primby weight, and butadi ene haying a purity of 99.2%
was obt ai nedftdhethel ecataiomes ghtted wvéee poh yibuivaitked eCcObY af el by

pol ynmerizing this butadiene in the sane - 73 - manner as_in Exanple 1 was
Mv of 210, 088titvhodf 9192% 008, bahddipndhseieat §8ity0adss2 (Exanplhe 21)

But adi ene production, quenching of the product gas by reaction, and

but adi ene pblﬂlFﬁfiéﬁﬂﬁoﬂlﬁé@eoéagﬁ%él-out in the sane manner as in Exanple 1,
except that as the quenching agent of the product gas by reaction in the
step (c), arﬁoaaﬂéous sol ution of 80% by wei ght nonoet hanol am ne was sprayed
froman upper stage and a mddle sta of _th nchi tgy\gg 00 L/ hr
and 170 L/ hr, reﬁﬁﬁ%?nk}%ﬁl@,o%%laa%%%?‘g%% r%g%%ggyle% glgea STl att ng i quid

froma | one ge._af th - hinhgnt 1604 kihht,s s Thaughput sgper ati on
t he pr essuréo?]%% ﬁ’égqﬁéggﬁgggg&\%@r Owgée%?%f a?ﬂél&hA{NaS. SSQI\/PaG \?\lhi ch was

the same as that J@f chhe efluihdi,zadphed regaeher, sandthbeeewweeenno bl ockages.
At this point, nonoethanolamne was detected in the product gas by reaction

runni ng out fiicemayle .t opr ofhi Bepguenching tomesnt Futiberoft hemeongentrati on
of 4-nmethyl-4-fornmvl-1-sycl ohexene and nethacrolein in the withdrawn |iquid
from t he upperfcanglrilddiye lseeticors aofl tleehquendlkiing inowde Wasuid288 ppm by
wei ght, the concentration of benzoic acid in the withdrawn liquid fromthe
| ower secti dhendet20820pHmebyusmicying soweuvadi SN BV My &Sty of

99. 3% was obtained. The nol ecul ar wei ght of the rol ybutadi ene obtained by
pol yner i zi ngnchitsitegtigaice he Vil fe Pegey of 99.5% was obtained. The

molecular weight of the polybutadiene obtained by
polymerizing this butadiene in the same manner as in
Example 1 was Mw of 217,000, Mn of 209,000, and Mw/Mn of
1.04.

[0095]

(Example 5)

A catalyst was prepared in the following manner by
supporting an oxide having a composition represented by
Mo1sBisFeo. 35Nis 7COz 7Nag.35Ko.1Bo.2 on 50% by weight of silica.
To 3,680 g of a silica sol including 30% by weight SiO:,
a solution obtained by dissolving 799.7 g of bismuth

nitrate, 46.6 g of iron nitrate, 258.9 g of nickel



manner as in Exanple 1 was Mwv of 215,000, Wh of 201,000, and Mwa Wn of 1.07.
[0106] (Exanple 12) But adi ene eroduction, quenching of the product gas
by reaction, and butadiene purification were carried out in the same nanner
as in Exanple 1, except that as the anthching agent of the product gas by
reaction in the step (c), an aqueous solution of 25% by wei ght nonoet hanol
am ne was sprayed from an upper stage and a m ddl e stage of the quenching
tover at 1G0; dddie antdl.17Q; iMooy L3Pe6H LRI | [ RN gcshﬁ@p wasg S ayed
froma | ower stage of the quenching tower at 160 L/hr oughout oper ation
t he pressuref igpdihen quenctieng NaoWRil , was 3fagnbéi pedaatiQmObiMPate, whi ch was
the sane as that of the fluidized bed. reactor, and there were no

bl ockages. aAtd thiG piaft batie eoricenit:&0 bnimf3 A MetdydL 416 oF Iy 1-

cycl ohexene and nethacrolein in the withdrawn |iquid fromthe upper and

m ddl e sectWorE bfnithel uehichiveg toliad wa§in2a385. ppm bjewsightres he
concentration of benzoic acid |n the wthdrawn |iquid fromthe | ower

section wass2LHOPHHRIAVRE ght LR i Stte Shavity aé!‘mod"{}f‘}“t y of 99.2%

was obt ai ned. T{l% ecul ar vvel t of t 00l yt ut adi e g!hned by
pol yreri zi r%aﬁaﬁ‘? afdi e i 3¢9 & | e™® was Mw of
210, 000, Ogul]tanélii Oroaow A erWé/lthreparaQ:alonlcx)ﬂ]aosndrled and calcined

in the same manner as in Example 1 to obtain the catalyst.
[0096]

Using the obtained catalyst, butadiene production,
quenching of the product gas by reaction, and butadiene
purification were carried out in the same manner as in
Example 1. Reaction results based on analysis of the
obtained product gas by reaction 24 hours after the
reaction started were an n-butene conversion ratio of
87.3%, a butadiene selectivity of 82.2%, and a butadiene
yield of 71.8%.

[0097]

Throughout operation the pressure in the quenching
tower was maintained at 0.05 MPaG, which was the same as
that of the fluidized bed reactor, and there were no
blockages. At this point, the concentration of 4-methyl-
4-formyl-l-cyclohexene and methacrolein in the liquid at
the bottom of the gquenching tower was 840 ppm by weight,
and butadiene having a purity of 99.2% was obtained. The
molecular weight of the polybutadiene obtained by

polymerizing this butadiene in the same manner as in



- 75 - (Exanple 13) But adi ene production, auenching of the product gas
by reaction, and butadiene purification were carried out in the same manner
as in Exanple 1, except that as the quenching agent of the product gas by
reaction in the step (c), an aqueous~s8Bufion of 25% by wei ght

nonoet hanol am ne was sprayed from an upper stage of the quenching tower at
100 L/ hr, and mxyl ene was sprayed froma m ddl e stage and a | ower stage of
t he quenchi pgahpver1 avad v Léhr2@ndo 60 Nd hsf TESMERT i \eeld/ . MdAfroughout
operation the pressure in the quenching tower was maintai ned at 0.05 MPaG
whi ch was theigsane as that of the fluidized bed reactor, and there were no
bl ockages. At this point, the concentration of 4-nethyl-4-fornyl-1-

cycl ohexenel@afé8het harrolein in the withdrawn liquid fromthe upper section
of the auenching tower was 2, 702 ppm by wei ght, the concentration of
benzoi ¢ aci dCPRDEKACHE hBramRLEi Eid fromthe mddle and | ower sections was

1,366 b d but adi h . % bt d.
The ol boul ar  woRgHAIEHS r%r%@#@%‘f&raﬁ.v@%%yf’“ri%% B SRR 9 Lhi o
but adi in th Exa My f
200000, - anBYMAFRRCOPPL 74 PO3031 CExHMpt £ a0 Wb sr i St gReo s
producti on, , quepghl, ”%eofna}qﬂg pégdggt cOftSa Py 168CELORp1 8N, bukadbene

pUI’IfIC&tIOI’] were carrie
that the catalyst obtained in Example 5 was used. During

operation the pressure in the gquenching tower increased
over time. When the pressure reached 0.09 MPaG, an open
inspection was carried out, whereby blockages were found
in the top of the quenching tower. At this point, the
concentration of 4-methyl-4-formyl-l-cyclohexene and
methacrolein in the liquid at the bottom of the quenching
tower was 310 ppm by weight, and butadiene having a
purity of 98.9% was obtained. The molecular weight of
the polybutadiene obtained by polymerizing this butadiene
in the same manner as in Example 1 was Mw of 201,000, Mn
of 134,000, and Mw/Mn of 1.50.

[0099]

(Example 6)

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that an
aqueous solution of 8% by weight monoethanolamine was
used as the quenching agent of the product gas by

reaction in the step (c¢). Throughout 2 months of



in the sane manner as in Exanple 1, except that as the quenching agent of
the product gas by reaction in the step (c), an aqueous solution of 25% by
wei ght nonoet hanol am ne was sprayed from an upper stage of the quenching
tower at 100 L/hr, and o-xyl ene was speayed from a mddle stage and a

| oner stage of the quenching tower at 170 L/ hr and 160 L/nr, respectively.
Thr oughout operation the pressure in the quenching tower was naintai ned at

0. 05 MPaG %gﬁko%vﬁgg%s? ; tuai% tiqlatth%f t(%lréef\lcfﬂigli it%%_rb%sr eactor, and

there were I's pol nt, e conceéntration of

4-met hy 1- 4-forpilirleg GHCl Phex @8 AN HTRINALIO @I dafel B WiHghdrawn i quid
fromthe upper section of the quenching tower was 2,689 ppm by wei ght, the

concentrat i Ofulenwd Garirkddtdhe aMd hthedn Wer@uind lemskke 1 ddl e and
| oner sections was 1,374 ppm by wei ght, and but adi ene having a purity of

99. 5% was abi adhied. polite: ,Maliec Watcamigiti cof dihe peltit-adifenenydbtilai ned by
polyneri zing this butadiene in the sane nanner as in Exanple 1 was Mwv of
213, 000, Mryofldheéd8: 3G ndamek e dvio lefinl . 07 .t He0 10u i(@Carip drtet i txanpl e el )
Eut adi ene production, quenching of the product gas by reaction, and

but adi ene puff i the aruerciviere toared eth W63 PAThEY afe dinndheas in Exanple 1,
except that as the quenching agent of the product gas by reaction_ in the
step (c), V%Q@e%qélﬂ%ﬁd%ﬁ%ﬁ% afpisbrvast fe DRV by VeigAt, @AMl e stage

f th hi ng, t t 100 L/ h d 170 1,/hr, ectjvely, d

m xyl ene. wel SHTHGRR 1O 3 GUETL S dife 1 Thevtfl & Ed ovePeat 160 L hr .
Dur i t] h [ in th hj. t | d ti .
When The prachir B0 o GO L RPN A TR Ve carr i ed out
wher eby bl - f.au i . Of i t ; At th
poi 1.t he SHaEy PEIR Y PSR I SIS, ot -

met hacr ol eimif,1d he Wid hdF awn 4404 gb | nem dhe, 4pparo Anchdrisdlihen seet i ons. of

t he quenching tower was 244 ppm by wei ght, the concentration of benzoic
acid in theewsihdrawn liquid fromthe | ower section was 2,779 ppm by
wei ght, and but adi ene having a purity of 99.0% was obtai ned. The nol ecul ar
wei ght of theleol ybut adi ene obt ai ned by pol ynerizing this butadiene in the
same nmanner as in Exanple 1 was Mwv of 200,000, Wh of 143,000, and Mw Mh of
1.4. (0110] (Example 7)
Butadiene production, quenching of the product gas

by reaction, and butadiene purification were carried out

in the same manner as in Example 1, except that an

aqueous solution of 15% by weight monoethanolamine was

used as the quenching agent of the product gas by

reaction in the step (c¢). Throughout operation the

pressure in the quenching tower was maintained at 0.05

MPaG, which was the same as that of the fluidized bed

reactor, and there were no blockages. At this point, the

concentration of 4-methyl-4-formyl-1-cyclohexene and

methacrolein in the liquid at the bottom of the quenching

tower was 881 ppm by weight, and butadiene having a

purity of 99.3% was obtained. The molecular weight of



The present application is based on a Japanese patent application filed on
May 19, 2011 (Japanese Patent Application No. 2011-112284), whose contents
are incorporated herein by reference. Industrial Applicability [0111]

When produci ng a conjugated diol efi n-c@Presponding to a nonool efin by
catal ytic oxi dative dehydrogenati on of a hydrocarbon containing a.

nmoncol efin having 4 or nore carbon atons and nol ecul ar oxygen using a

catalyst whigl n%&f%&iﬁi&@%ﬁéa%c@%f%w{ﬁ%{ iK% & heuddued i on

met hod accor to the present 1 nvention, a conjugated diolefin that can

be preferably ¢s€ds@fe anddveFBierial etipBsynt held aw ubberis yeso n rand the
i ke, can be produced by sufficiently reducing inpurities that inhibit

pol ymeri zatenzof , t e, conj ugated ¢ ol efin in a quenching step, Description
of Synbol s Reactor 2Quenchi ng Tower

[0101]

(Example 8)

Butadiene production, gquenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that an
aqueous solution of 80% by weight monoethanolamine was
used as the quenching agent of the product gas by
reaction in the step (c¢). Throughout operation the
pressure in the quenching tower was maintained at 0.05
MPaG, which was the same as that of the fluidized bed
reactor, and there were no blockages. At this point,
monoethanolamine was detected in the product gas by
reaction running out from the top of the quenching tower.
Further, the concentration of 4-methyl-4-formyl-1-
cyclohexene and methacrolein in the liquid at the bottom
of the quenching tower was 1,110 ppm by weight, the
concentration of benzoic acid was 311 ppm by weight, and
butadiene having a purity of 99.3% was obtained. The
molecular weight of the polybutadiene obtained by
polymerizing this butadiene in the same manner as in
Example 1 was Mw of 216,000, Mn of 201,000, and Mw/Mn of
1.07.

[0102]

(Example 9)



Absorption Tower 4stabilizer 5Fl ash | ower condenser 7Extractive
Distillation Colum Stripping Tower 9Extractive Distillation Colum 10
Distillation Colum 11 Distillation Colum

a0 7] =

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that as the
quenching agent of the product gas by reaction in the
step (c), an aqueous solution of 25% by weight
monoethanolamine was sprayed from an upper stage and a
middle stage of the quenching tower at 100 L/hr and 170
L/hr, respectively, and m-xylene was sprayed from a lower
stage of the quenching tower at 160 L/hr. For each of
the quenching agents, the withdrawn liquid from the
respective stages was recycled, and the withdrawn liquid
from the respective stages was re-fed to the respective
stages after the aqueous phase and the oil phase were
separated. Further, in the following Examples too, when
an aromatic agent was employed as a quenching gent, the
withdrawn liquid was circulated after the aqueous phase
and the oil phase were separated.

[0103]

Throughout operation the pressure in the gquenching
tower was maintained at 0.05 MPaG, which was the same as
that of the fluidized bed reactor, and there were no
blockages. At this point, the concentration of 4-methyl-
4-formyl-1-cyclohexene and methacrolein in the withdrawn
liguid from the upper and middle sections of the
guenching tower was 1,367 ppm by weight, the
concentration of benzoic acid in the withdrawn liquid

from the lower section was 2,777 ppm by weight, and



12 But adi ene 13 Dewatering Tower 14 Sol vent Absorption Tower 15 Degassing
Tower 16 Sol vent Separation Tower 21 Chimey 21A Chimey - 79 -
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butadiene having a purity of 99.4% was obtained. The
molecular weight of the polybutadiene obtained by
polymerizing this butadiene in the same manner as in
Example 1 was Mw of 213,000, Mn of 197,000, and Mw/Mn of
1.08.

[0104]

(Example 10)

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that as the
guenching agent of the product gas by reaction in the
step (c¢), an agqueous solution of 8% by weight
monoethanolamine was sprayed from an upper stage and a
middle stage of the gquenching tower at 100 L/hr and 170
L/hr, respectively, and m-xylene was sprayed from a lower
stage of the gquenching tower at 160 L/hr. Throughout
operation the pressure in the quenching tower was
remained at 0.05 MPaG, which was the same as that of the
fluidized bed reactor, and there were no blockages. At
this point, the concentration of 4-methyl-4-formyl-1-
cyclohexene and methacrolein in the withdrawn liquid from
the upper and middle sections of the quenching tower was
110 ppm by weight, the concentration of benzoic acid in
the withdrawn liguid from the lower section was 2,828 ppm
by weight, and butadiene having a purity of 99.2% was
obtained. The molecular weight of the polybutadiene

obtained by polymerizing this butadiene in the same



216 Chi mey 21C Chi mey 22 Packed Bed 22A Packed Bed 226 Packed Bed 220
Packed Bed 23A Spray Apparatus 236 Spray Apparatus 230 Spray Apparatus 23D
Spray Apparatus 24A Punp 246 Punp 240 Punp
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manner as in Example 1 was Mw of 210,000, Mn of 194,000,
and Mw/Mn of 1.08.

[0105]

(Example 11)

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that as the
gquenching agent of the product gas by reaction in the
step (c¢), an agqueous solution of 80% by weight
monoethanolamine was sprayed from an upper stage and a
middle stage of the quenching tower at 100 L/hr and 170
L/hr, respectively, and m-xylene was sprayed as a
circulating liquid from a lower stage of the quenching
tower at 160 L/hr. Throughout operation the pressure in
the guenching tower was maintained at 0.05 MPaG, which
was the same as that of the fluidized bed reactor, and
there were no blockages. At this point, monoethanolamine
was detected in the product gas by reaction running out
from the top of the quenching tower. Further, the
concentration of 4-methyl-4-formyl-1-cyclohexene and
methacrolein in the withdrawn liquid from the upper and
middle sections of the gquenching tower was 1,288 ppm by
weight, the concentration of benzoic acid in the
withdrawn liquid from the lower section was 2,820 ppm by
weight, and butadiene having a purity of 99.3% was
obtained. The molecular weight of the polybutadiene

obtained by polymerizing this butadiene in the same



24D Punp 25A Decanter 256 Decanter 250 Decanter 25D Decanter 31 Product Gae
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manner as in Example 1 was Mw of 215,000, Mn of 201,000,
and Mw/Mn of 1.07.

[0106]

(Example 12)

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that as the
guenching agent of the product gas by reaction in the
step (c), an agqueous solution of 25% by weight
monoethanolamine was sprayed from an upper stage and a
middle stage of the quenching tower at 100 L/hr and 170
L/hr, respectively, and o-xylene was sprayed from a lower
stage of the quenching tower at 160 L/hr. Throughout
operation the pressure in the quenching tower was
maintained at 0.05 MPaG, which was the same as that of
the fluidized bed reactor, and there were no blockages.
At this point, the concentration of 4-methyl-4-formyl-1-
cyclohexene and methacrolein in the withdrawn liquid from
the upper and middle sections of the quenching tower was
1,355 ppm by weight, the concentration of benzoic acid in
the withdrawn liquid from the lower section was 2,803 ppm
by weight, and butadiene having a purity of 99.2% was
obtained. The molecular weight of the polybutadiene
obtained by polymerizing this butadiene in the same
manner as in Example 1 was Mw of 210,000, Mn of 194,000,
and Mw/Mn of 1.08.

[0107]



A net hod for producing a conjugated diolef in, conprising: a step of
feedi ng a hydrocarbon containing a nonool efin having 4 or nore carbon atons
and oxygen to a reactor accomopdated with a catal yst which conprises a
metal oxide and a carrier to produce-a7preduct gas by reaction containing a
conjugated diolefin; and a step of sending the product gas by reaction
to a quenching tower and washing the gas with a quenchi ng agent,

wherein an gf |G andyne aqueous solution is used. as the quenching agent,
2. The nethod for proJucing t he conjugated diolefin according to claiml1,

wherein an ar omghit@dakg@nipgcsiolvenh i udseding eenbhBabir-enuas tAg quenchi ng
ayent. The nmet hod for producing the conjugated diolefin according to

claim1 or By mheiteioh,a amd hdrean drigyd-ifrioadike qeenrciaig itewesutcont ai ns
at | east one conpound sel ected fromthe group consisting of
4- et hy 1- 4-frerihel -sdinee el roteex ere, imezagld din exvetdtachdt asadites benzoi ¢
acid, acetic acid, acrylic acid, and an organic amne salt thereof. - 81 -
4, The net wetdring climithgtt e anjafdyattedyadi dlvefiancddooy dimghteo any one of
clains 1 to 3, wherein

step (c¢), an aqueous solution of 25% by weight

monoethanolamine was sprayed from an upper stage of the

quenching tower at 100 L/hr, and m-xylene was sprayed

from a middle stage and a lower stage of the gquenching

tower at 170 L/hr and 160 L/hr, respectively. Throughout

operation the pressure in the quenching tower was

maintained at 0.05 MPaG, which was the same as that of

the fluidized bed reactor, and there were no blockages.

At this point, the concentration of 4-methyl-4-formyl-1-

cyclohexene and methacrolein in the withdrawn liquid from

the upper section of the quenching tower was 2,702 ppm by

weight, the concentration of benzoic acid in the

withdrawn liquid from the middle and lower sections was

1,366 ppm by weight, and butadiene having a purity of

99.5% was obtained. The molecular weight of the

polybutadiene obtained by polymerizing this butadiene in

the same manner as in Example 1 was Mw of 215,000, Mn of

209,000, and Mw/Mn of 1.07.

[0108]

(Example 14)

Butadiene production, quenching of the product gas

by reaction, and butadiene purification were carried out



t he quenching tower has a plurality of vertical sections, an aromatic
organi c solvent is used as the quenching agent at a | owest section anong
the plurality of sections, and an organi c am ne aqueous solution is
used as the quenching agent at a secti @A above the | owest section. S. The
met hod for producing the conjugated diolefin according to any one cl ai m of
claims 1 to 4, wherein the organic amne contains at |east one conpound

sel ected from{fe MEURLHMSH Sid nﬂq%x thangl@pnesnst eidhanal anine, and
triethanolamne. 6. The nethod for producing the conjugated diolefin

accordi ng tQuehahd, aybier b tihe %F&maéﬁ g gani e ol Manticatiai ns at
| east ore conpound selected fromt group consi sting of o-xviene,

m xyl ene, psxypene), and agmeaes sylenson Jf e metwmdhior producing the
conjugated diolefin according to any one claimof clains 1 to 6, wherein

the netal oxodeetlsanepaeseat eds byptaged of towi oy exper | sergal of otlpal a (1):
MD12Bi pFeci Pi aBbC, DdEe( Dx( 1)

guenching tower at 100 L/hr, and o-xylene was sprayed
from a middle stage and a lower stage of the gquenching
tower at 170 L/hr and 160 L/hr, respectively. Throughout
operation the pressure in the quenching tower was
maintained at 0.05 MPaG, which was the same as that of
the fluidized bed reactor, and there were no blockages.
At this point, the concentration of 4-methyl-4-formyl-1-
cyclohexene and methacrolein in the withdrawn liguid from
the upper section of the quenching tower was 2,688 ppm by
weight, the concentration of benzoic acid in the
withdrawn liquid from the middle and lower sections was
1,374 ppm by weight, and butadiene having a purity of
99.5% was obtained. The molecular weight of the
polybutadiene obtained by polymerizing this butadiene in
the same manner as in Example 1 was Mw of 213,000, Mn of
199,000, and Mw/Mn of 1.07.

[0109]

(Comparative Example 4)

Butadiene production, quenching of the product gas
by reaction, and butadiene purification were carried out
in the same manner as in Example 1, except that as the
quenching agent of the product gas by reaction in the

step (c¢), water was sprayed from an upper stage and a



82 - wherein A represents at | east one el enent selected fromthe group
consisting of nickel and cobalt; B represents at |east one el enent selected
fromthe group consisting of alkali metal elements; C represents at | east
one el ement selected fromthe group eom3isting of magnesi um cal ci um
strontium barium zinc, and manganese; D represents at |east one el enent
sel ected fromthe group consisting of rare earth el ements; E represents at

| east one oLRIRI Sl goted HOMIDEIAHIR SRS [Re 9l Gh-gfd umo i ndi um

and gal | ium ents oxyg , and x denote an

atom c ratip/pf Q&ésﬁ}é&bu}él%ﬁ aﬁ&d $n x%lege Eiasa%r%yercﬁw iaValopet 0 12
nnlybdenun1atons where 0, 1p5, S8 0Sasi10o 0.02b2, 0Sc5 0S

d S5 and &3& & @ quéi'ﬁﬂﬁtrfgs ﬂd%&émtaﬂoqrsoot/@tygenuﬂﬁgs required to
satisfy val ence requirenents of other elenents that are present, 8. The

nmet hod for quehicicrg tthee wonddigat eich dited efiendcicny diowgert drameassel cl ai m of
clains 1 to 7, wherein the reactor is a fluidized bed reactor. 9. An

appar at us farem tcom ugathed dhel eiresspredueticbrd Oolpr MSRAg; an opena react or
abcomopdated with a catal yst which conprises a netal oxide and a carrier;
and a quencHisReatoWer W meEstried outhe wherslor blockages were found

in the top of the quenching tower. At this point, the
concentration of 4-methyl-4-formyl-1l-cyclohexene and
methacrolein in the withdrawn liguid from the upper and
middle sections of the guenching tower was 244 ppm by
weight, the concentration of benzoic acid in the
withdrawn liquid from the lower section was 2,779 ppm by
weight, and butadiene having a purity of 99.0% was
obtained. The molecular weight of the polybutadiene
obtained by polymerizing this butadiene in the same
manner as in Example 1 was Mw of 200,000, Mn of 143,000,
and Mw/Mn of 1.4.

[0110]

The present application is based on a Japanese
patent application filed on May 19, 2011 (Japanese Patent
Application No. 2011-112284), whose contents are
incorporated herein by reference.

Industrial Applicability
[0111]

When producing a conjugated diolefin corresponding

to a monoolefin by catalytic oxidative dehydrogenation of

a hydrocarbon containing a monoolefin having 4 or more



83 - wherein a hydrocarbon contai ning a nonool efin. having 4 or nore
carbon atons and oxygen are fed into the reactor, a product gas by reaction
containing a conjugated diolefin produced flows into the quenching tower,

t he product gas by reaction is washed #Bth a quenching agent. in the
guenchi ng tower, and an organi c am ne aqueous solution is used as the
quenchi ng agent 10. The apparatus for the conjugated diolefin production

according tg f%@omg\’“fdc?hﬁbfébﬁ%;tfgéﬁ QN 1y SOl el Yt Ugeickh n

conblnatlon as e quenchi ng agent
comprises a metal oxide and a carrier, in the production
method according to the present invention, a conjugated
diolefin that can be preferably used as a raw material
for synthetic rubber, resin and the like, can be produced
by sufficiently reducing impurities that inhibit
polymerization of the conjugated diolefin in a quenching

step.

Description of Symbols

1 Reactor

2 Quenching Tower
3 Absorption Tower
4 Stabilizer

5 Flash Tower

6 Condenser

7 Extractive Distillation Column
8 Stripping Tower

9 Extractive Distillation Column
10 Distillation Column

11 Distillation Column

12 Butadiene

13 Dewatering Tower

14 Solvent Absorption Tower

15 Degassing Tower

16 Solvent Separation Tower

21 Chimney

21A Chimney



21B

21C

22

22A

22B

22C

23A

23B

23C

23D

24A

24B

24C

24D

25A

25B

25C

25D

31

32

33

41

Chimney
Chimney

Packed Bed
Packed Bed
Packed Bed
Packed Bed
Spray Apparatus
Spray Apparatus
Spray Apparatus
Spray Apparatus
Pump

Pump

Pump

Pump

Decanter
Decanter
Decanter
Decanter
Product Gas by Reaction
Product Gas by Reaction after Quenching (Washing)
Flow of Gas

Quenching Agent



What is claimed is:

il A method for producing a conjugated diolefin,
comprising:

a step of feeding a hydrocarbon containing a
monoolefin having 4 or more carbon atoms and oxygen to a
reactor accommodated with a catalyst which comprises a
metal oxide and a carrier to produce a product gas by
reaction containing a conjugated diolefin; and

a step of sending the product gas by reaction to a
guenching tower and washing the gas with a quenching
agent,

wherein an organic amine aqueous solution is used as

the quenching agent.

2. The method for producing the conjugated diolefin
according to claim 1, wherein an aromatic organic solvent

is used in combination as the quenching agent.

3. The method for producing the conjugated diolefin
according to claim 1 or 2, wherein a withdrawn liquid
from the quenching tower contains at least one compound
selected from the group consisting of 4-methyl-4-formyl-
1-cyclohexene, methacrolein, methacrylic acid, benzoic
acid, acetic acid, acrylic acid, and an organic amine

salt thereof.



4. The method for producing the conjugated diolefin
according to any one of claims 1 to 3, wherein

the quenching tower has a plurality of vertical
sections,

an aromatic organic solvent is used as the quenching
agent at a lowest section among the plurality of sections,
and

an organic amine aqueous solution is used as the

quenching agent at a section above the lowest section.

5. The method for producing the conjugated diolefin
according to any one claim of claims 1 to 4, wherein the
organic amine contains at least one compound selected
from the group consisting of monoethanolamine,

diethanolamine, and triethanolamine.

6. The method for producing the conjugated diolefin
according to claim 2, wherein the aromatic organic
solvent contains at least one compound selected from the
group consisting of o-xylene, m-xylene, p-xylene, and a

mixed xylene.

7. The method for producing the conjugated diolefin
according to any one claim of claims 1 to 6, wherein the
metal oxide is represented by the following experimental
formula (1):



wherein A represents at least one element selected
from the group consisting of nickel and cobalt; B
represents at least one element selected from the group
consisting of alkali metal elements; C represents at
least one element selected from the group consisting of
magnesium, calcium, strontium, barium, zinc, and
manganese; D represents at least one element selected
from the group consisting of rare earth elements; E
represents at least one element selected from the group
consisting of chromium, indium, and gallium; O represents
oxygen; p, 4, a, b, ¢, d, e, and x denote an atomic ratio
of bismuth, iron, A, B, C, D, E, and O, respectively, to
12 molybdenum atoms, where 0.1 < p <5, 0.5 < g < 8, 0 £
a <10, 0.02 <b <2, 0<¢c<65, 0<£d<5, and 0 £e <
5; and x denotes the number of oxygen atoms required to

satisfy valence requirements of other elements that are

present.

8. The method for producing the conjugated diolefin
according to any one claim of claims 1 to 7, wherein the

reactor ig a fluidized bed reactor.

9. An apparatus for a conjugated diolefin production,
comprising:

a reactor accommodated with a catalyst which
comprises a metal oxide and a carrier; and

a quenching tower connected to the reactor,



wherein a hydrocarbon containing a monoolefin having
4 or more carbon atoms and oxygen are fed into the
reactor, a product gas by reaction containing a
conjugated diolefin produced flows into the quenching
tower, the product gas by reaction is washed with a
quenching agent in the quenching tower, and an organic

amine aqueous solution is used as the quenching agent.

10. The apparatus for the conjugated diolefin production
according to claim 9, wherein an aromatic organic solvent

is used in combination as the gquenching agent.





