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PROCESS FOR THE PRODUCTI ON OF ALKENYL ESTERS OF LOWER
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ALKENYL ALCOHOLS Cross- Referenc% to Rel ated

Application This application is~an application filed

under 35 10 U S. C 111(a) claimng benefit pursuant

to 35 U.S.C. 119(e) (1) of prkerfiphrog date of the

Provi sional Application 60/455,588 filed March 19,

2003, pursuant to 35 U S.C. 111(b). Technical Field

15 The present invention relates to processes for

produci ng a |lower aliphatic carboxylic acid al kenyl
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obt ai ned by the production processes. Mire

specifically, the present invention 20 relates to a

process for producing a lower aliphatic carboxylic
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In the qn @yjocess of a lower aliphatic 30
car boxy |c amgd1 rh1(kenyl where a | ower aliphatic

car boxy! itecddlidadl B@lid i s obtai ned by a gas phase
15 reaCt'onfﬂéﬂﬂﬂégbﬁﬂwﬂﬁvédﬁﬂﬁﬂ'ﬂ@BﬁHé@ td l@Welesses for

al i phatic , carbaxylic aci nd oxygen, .a cat al

conpF GG RE S Pt &ﬁd\ﬂ Oé‘é’lllﬁelaé’&ﬁly %lkenyl and
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carboxyllc a01d alkenyl from a lower olefin, a lower
aliphatic carboxylic acid and oxygen; a lower aliphatic
carboxylic acid alkenyl obtained by the production
process; a process for producing an alkenyl alcohol by

25 hydrolyzing the above-described lower aliphatic

carboxylic acid alkenyl; and an alkenyl alcohol obtained

by this production process.
Background Art
In the production process of a lower aliphatic

30 carboxylic acid alkenyl, where a lower aliphatic

carboxylic acid alkenyl is obtained by a gas phase

reaction starting from a lower olefin, a lower aliphatic

carboxylic acid and oxygen, a catalyst comprising a

support having supported thereon palladium as the main

35 catalyst component and an alkali metal and/or alkaline

earth metal compound as a co-catalyst is widely used.

For example, Japanese Unexamined Patent Publication No.



allyl acetate by using a catalyst conprising a support
havi ng supported thereon pall adi unf pot assi um

weacelarggopper. 5 In the production of allyl acetpioe4/002216
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by using this catalyst system _a phenonmenon wherein a
conmpound contai ning al kal i n&t &l “and/ or al kal i ne
earth nmetal or a conponent derived fromthe conpound

as @ng, %Q@pQG%nﬁ.Qf9le§iCQE§EX%Ee§h§rEkBéEE@rfokhﬁ§6du01ng

are collectively c an "al kal i component (s)
des @By lam@ etiagis byuti s PgnAt Fatad¥fkl GOIPdiFiRg fhaupPpPoTrt

r eaglv@md %u@%&t@@d thBir8ohSpatoaghidaypdtheshamone
cause brlngl about deactivation of the catalyst.

The 36 ®FLdesorption is not particularly
under st oqah ﬂ@@t peddueeasanofornlihe ibedeser pyi asing this

occurri |s believed to be that t
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(hergi %%e%r %.g @degga§h@ gﬁp@ﬁnalbeh@hbccomponent of

car box | ower aliphatic
car anma@adafs& 2@eé@ﬁrﬁ@éﬁ@rustﬁﬁﬁe PERJFPY 1gesdVBeY called

fropt ?%1@@:1%' )é%‘intpbﬂ@ﬂtt (& @)atkiﬁébtrb@,oﬁ’ﬂ@n@?b@%) out from the
presen I N e Ga S € .purpose _o ercom ng
i R I AP SISO S e e

al | ylonadeteatee! ito blee onpr esesee befingiogt abpst: deactivation of

| I adi 2 )
Sg?ﬁséﬂ?%g%@& 2 4y Wep gagap&%%fa@agaﬁgéieﬁpgg nBt
m x@@nwnalré-ysyasnd@nrﬁé@ods botcompemeasen feor the

Catg% otp Q%P%ﬁh%@k@%%t%%ebQQ%%%%%thr%@‘Eﬁﬁt the lower

i n Japanese Unexam ned Patent

pub@l@@thamq\war@xxés?s@cesipm sleo 58258 ngoBaEmtef and

30 pofassikiNiacipofent (& d%@ab@ t@@o&h@ﬁhgng ﬁ@webbﬂbound
acetlc acid at the tine of produci Q% al | [

" ate I.n
e (HerSaiiT ot TR ST P G fotas dRliRFabai RPG Tic calboxylic
cat aicjst CdmmﬁﬂmrechamdUEthaﬂ@W@rC@ﬂu@hateﬁfe@tbbxyﬁuc acid

the %%Q) n% %%%qtgn%e%%?ﬁgét§&$ﬁtt%%oghtalyst than

redic) act i Vit g
al kalhie mélﬂ%lnawmongmvédlsnn@r@éﬁm A8t Zhec SRPGINEL -

parti cul aidy dt %ﬁﬁ*p@)@e @tfeb%%c@&ulhge +phedyebbaemef in JP-A-
aIIyI acet ate. However, as WO 2004/ %698

PCTRIPACHD 075 the production of al acetate in the
presence of a catalyst comprising palladium/potassium

acetate/copper, a potassium acetate is added to the
supply gas and mixed into the system so as to compensate
for the amount of potassium acetate desorbed from the
catalyst. Also, in Japanese Unexamined Patent
Publication No. 61-238759 (JP-A-61-238759), 20 ppm of
potassium acetate is added to the starting material
acetic acid at the time of producing allyl acetate in the
presence of a palladium/potassium acetate catalyst.
These techniques have a certain effect from the
standpoint of preventing the catalyst from reducing in
activity due to flowing out of an alkali metal and/or
alkaline earth metal compound, particularly potassium

acetate at the production of allyl acetate. However, as



described in these patent publications, a highly
efficient and industrially stable production can
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control of the anmount of potassium acetate added to
the starting 5 material. Nbre‘sgeEifically, t he
pot assi um acetate added is partially deposited in a
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in a part of e catal

e uci he total
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pro!b?%ra r@596§§§ %ﬁ%aQb%anréhé@hxnpggémel89 ankowBEalyst

al i phati ¢ carboxylic acid al ken i.gh
ef f 16i @AEF18¢&Y éetﬁaﬁ@é@tsérﬁaé ghortrBedoanatSEhetfe-

ObJ@%&t@%rbﬂ@eprQ&%nboh@%@ﬁhmOQCESate fpoaingecat from the
able of ,etfici

tl Lo
Bl Corer 17ty BRI S ORGP onatr a5 g bisyr paction
aci dudlek emyinpredsced hygtﬁépabceeldegocebedd progess.
25 3B rhhR lhl?%lc HENSIVE 4R e%h%g@h g%Pchgﬁbﬁ'gtably

t hese objects resent 1nv ntors ound t hat
notfO@nﬁy1§yga@§Fﬁ@da@faﬁR@ﬁl component (s), which

flows oupigchestre sirarmhiaatisheri al and conpensating
the conponen but al so g%agontrollln t.he outfl ow

of an SOAélQQEéCEo RfordRt PP t APHEREEA™ 8 &8t RFgYLde @
andp&@@@@g chbabaenp&nemb@ay prodncanguat logrpenddphagic

th th
g L L
per flomyed @@mladl@ﬁgéam@erlod of time. The present

'nvent'oﬁggﬁﬁe?e%%je%% %&CQﬁglb%@%@n@a§%9e%%lbﬂ|§s to

finding peci fically, present invention (I)
pr o®&Eey 1depe pﬁ@@@@ﬁnga@aﬁéﬁepfaﬁiéﬁsﬂpetégrQSQQPP&ng an
aci ¢ 1xleenylal cWRA0Q4/ Bi{B693 yRERGIB2004£@0221phatic

carboxylic acid alkenyl produced by the above-described
process.

As a result of intensive investigations to attain
these objects, the present inventors have found that not
only by adding an alkali component(s), which flows out,
to the starting material and compensating the
component(s), but also by controlling the outflow of an
alkali component(s) contained in the catalyst and adding
the component(s) in an amount compensating for the
outflow, the activity and life of a catalyst can be
maintained and a stable operation can be performed for a
longer period of time. The present invention has been
accomplished based on this finding.

Specifically, the present invention (I) is a process
for producing a lower aliphatic carboxylic acid alkenyl,



4 conprising reacting a lower olefin, a |ower
al i phatic carboxylic acid and oxygen in a gas phase
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havi ng supported thereon a catal yst conmponent

containing (a) a conpound 5 cbn?aTning al kali et al

and/ or alkaline earth netal, (b) an elenent bel ongi ng

to & Eglélngfféggtfﬁa gdi ng?bbfePIn 85 COBPOENEL i phatic
contal hing at least one t hese el enents and (c

pal Fagbanylisereid ené @§M9@Ps¥6naoga¥hﬁ #®Gesn thé presence

a"BBablea€§&99£yEbﬁ agbgngrapéﬁ f@dh§V1ﬁ@r§Hb§ofﬁéd
is 10 80%or"|ess: nver si on nt (nD

IomépeﬁﬁpﬁhétFétééV55x9PWE°n§Ech ?t?iéﬁ?%r
Inl@bnaaaumhg(amkhlafmbea&ranaVophaLkalmaebeaythcmataﬁ (b)

reac | et)/ amount I a
carBBx?ﬁegeﬁg é EP%Péﬁgt Pe%}?£ gm@%i)£%g98&£8 Table or
preaenbmpnuedtcontehh}ngsaa Lenet aheéphhttiese elements, and
Cargggyb'glgﬁﬁgmal%ﬁ@¥€lﬂrQﬂacggn?¥r§58np69d9ﬁé'QBwer
proce fesent invention . resent
|nvéﬁﬂpbﬁteplP?rb§xﬁlb?oé€§§ féﬁplssﬁﬂbaﬁcgﬁgfﬁﬁmula (1), 1s
al kgny! &l eaghgl., conprising hydrolyzing the [|ower
al i phatic carboxyllc aci d al kenyl of the present
i nvent i orCYMV8T§¥PR Wef briesence of an acid catal yst to
oFLalnlan ?Ikﬁn?mo@mgohmglba@ﬂ B idlci pldeisi@ncarboxylic
al kenyl al coho oduce c oces
20 The presentCthv Etl%%CE%V|ﬁ€i%%€ cdﬁ%tﬁ?uf{ &F Fower
conpri ses, foaliplaaplie, cahb0$yﬂiqwa¢gﬁrﬁﬂt@ﬁ@ct?q] A
process for p&&QP&trgaﬂbﬁﬁ%ﬁ(médjRhﬁti&weﬁaé P?Néﬁfc
acid al kenyl, conprising reacting a | ower
| over al i phat¢erisaxpbkyl acidcid wertioxy genléh) a 2-"53@as (1)

phase in _the presence_of .cat t,comp L0g._a. .
support ﬁ%@iﬁ8e§ﬁﬁﬁoﬁpggn 8Pe2&¥z clzétalFL ?egoﬁgéﬁéﬁFlC
cogfmnmdmylaa)aa1doaﬁ@endlcpmbdunedgbalkhelpﬁeﬁabtion
an lkal t n ehement bel ongin
e% %f ? th%EFggdﬁbv% gﬁorgg conmpound )
contalnlﬁ@eaprggeméaéﬂv@ﬁél@ﬂ Kﬁé§é éﬁeﬁeﬁf@ceﬁﬁdfPé)

pa”§¥$d%@hn@h%hebﬁkehgg GAR¥E6L3I, 0BofbriBenbOWeHrolyzing the

allphatlc carboxylic a
lower aliphatic car oxyllc acid alkenyl of the present

c%mpound

invention (II) in the presence of an acid catalyst to
obtain an alkenyl alcohol, and also includes an alkenyl
alcohol produced by this production process.

The present invention having such constitutions
comprises, for example, the following matters.

[1] A process for producing a lower aliphatic
carboxylic acid alkenyl, comprising reacting a lower
olefin, a lower aliphatic carboxylic acid and oxygen in a
gas phase in the presence of a catalyst comprising a
support having supported thereon a catalyst component
containing (a) a compound containing alkali metal and/or
alkaline earth metal, (b) an element belonging to Group
11 of the Periodic Table or a compound containing at
least one of these elements, and (c) palladium, wherein

the conversion of the lower aliphatic carboxylic acid,



WD 2004/ 078698 PCT/ JP2004/ 002216 5 represented by
formula (1), 80%or less: Conversion (% = {(anount

wOni4jo7eds | ower al i phatic carboxylic acid at PeagPmo4/002216
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inlet-anount (nol) of |ower aljphatic carboxylic acid
at reactor outlet)/anount (ﬁbl%'bf | ower aliphatic
carboxylic acid at reactor inlet} x 100 (1) [2] A

pro%&gf?(éé’ﬁ*f@& #pf@&n@lé Oté‘g o Phat | Lesgar boxylic

rising reacting a lower olefin, a
| ower ahQﬂmmﬁHﬁM%ﬁUéNyFlc acid and oxygen in a 5 gas

phase in the praganse @o1g et alowelr %Q'IH:TH&:MQ carboxylic

support havi ng supported the n a cat al yst
cont ai ning (&€ Jéi "r?énoéﬂl | lmoﬁgt é:&miower

and/ or al kald ngreadid mnoaixyl(ﬂm) aail celsamerdadielrongi ng

s o 1 Sl o AN PRI A

cont ai ni ng at ul one ese ements

pal | adi um wheighdkylihe onrcert netdoyorofitlhe ) 0<\NG.I00 (1)
ali phatic carboxylic acid at the reactor outl IS
0.5 nol %31 ndrBrof8Fs Ther pPeRRieE 1% prbTkSE 2 tpndtic

des@&f@@ﬂylﬂc[ékl@ralk@ﬁyﬁbod@mpﬂm§1ﬁgnré@@tbm@féoMower

t {
i karePRRe af AAUPG SLRARFHE SRTDRCRLESl SorAprad dhreen 10 @
by §esnphasé2)in thef poasdn@x 16t Satoatdl Pded bompui$ioy a

t
o o Lo A R T E R
al kabhheirangh (apt al compohedepeiteinibal ikalpaeal gnd/or
100a§§% %ét Lhe Hrﬂgﬂﬁi'oﬁmﬁr9§e§§eﬁ§ngeﬁéibﬁggnbnt@n@roup

one above erein (a) the co

contai Afng ez@@@#%éﬂp habae %ﬁd?o?oﬁPREP?ngogg?fﬂlng at

mi‘lt @éasg ?naowguﬁds@oen@m@nﬂg,a@.luaeast; paemfemhmr wherein

selected fromt rou onsistin . :

sodlBﬁ10889§§§F3§ﬁg8e8Euﬁﬁe iﬁ@%ﬁsgﬁ gFC|u%¥gﬁﬁyllc acid
baraunthESke$beomrodmaetomspﬁoﬁemelaSOUemorebed in any

one gg][lbh%opkéhuégggﬁ pYBELELN,6A)ERE i 6PN or

cont a| ni
[2] above, wherein the outflow ratio per hour of (a) the

compound containing alkali metal and/or alkaline earth
metal, represented by formula (2), is from 1.0x107° to

0.01%/h:
outflow ratio (%)/h =
{mass (kg/h) of alkali metal or alkaline earth
metal detected/mass (kg) of alkali metal or
alkaline earth metal in the entire catalyst
packed} x 100 (2)
[4] The production process as described in any one
of [1] to [3] above, wherein (a) the compound containing
alkali metal and/or alkaline earth metal is a compound
containing at least one member selected from the group
consisting of lithium, sodium, potassium, cesium,
magnesium, calcium and barium.
[5] The production process as described in any one

of [1] to [4] above, wherein (a) the compound containing
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as described in [5] above, wherein the salt of a
| ower aliphatic carboxylic 5aid is at |east one
menber selected fromlithium sodium potassium

Ces%fﬂ&lfHQQEQiU%hd?8£céfﬁ&fﬂﬁeh@éf@WWmé@éilef af@dM Cof a

acet ropionic acid acrylic acid or
neth@@@?laélﬁbaﬁlc[Q?rh%éYb¢%d®%%¢on process as

descri befghn apy 998@&91@1% ﬂ;ﬂ&cé@s[ﬁé @@@&ﬁlbé\:ﬁleilel Ms]
(b) the elenent bel ongi n t he, Peri

TabREOBE » { HECEBHPOLRR EBGE i i hulOReT | BabPhBRic gpatbedylic

the§§l@gﬁﬁeﬂtslé§sﬁnoﬁéeﬂ@ﬂbeﬁfs@b@@ﬁedofrogolﬂtbxum,

nd cont ai ni ng_one or _nore_o er 0

15 Pef e BroanctrBn provele GadieEERRr @ lNiafibid pariun
of éaltt00f7¥oammveacmﬂerecatacI@Qed,oPEOPhonaCI@de

a|I8h§¥iEcC§£98X¥kl e@ﬁb? ?fg .oxyggn are reacted in

eésénce  of wer aliphatic
carboxyl[&]acheapk@dyFtQQprbﬁﬁé%ﬁ By ﬂﬂéCEFBEGC%PoﬁnY one

pro ?Sﬁ 19€867 i BedabByaNYwRBSEei AT ( B}]th@ E@bméBQVBelonglng to
Pugogroductlon process as gescrl bed in an

L8P EabBFePCRABR P T ERES| SheF NG| PRREPHRS Containing
CarQQXYEEQtaéhd b aeeteCedemdnttheés| aneelehehinofsc@pper or

et hyl ene and the obt d, | [.Lph j
e EbSaredng -REoRRID) CEurHThothAp S fota B pbbBer anc
pr odotdd by the production process descrlbed in [10]

abOVeso[igh T?ﬂepﬁig%ﬁkkgenpﬁmﬁ8§§saésd9§§5k9§€d|mnaaﬁy one

one above erein the [ower
al i pfiafild t@adﬁdx% yeacWBEr§1Rcat LeVEEi QL1SERB /| BuePYer

ol etha, h%tl@r%BXE%%glaﬁdabﬁa ahtabRedehowee akbphati €n the
carboxyllc acid alkenyl is allyl acetate. [13] Allyl

acePEEECPFEIREe W ¥ -he production 35 process
descrlbeq9un hl2bwalowaiphi4licAcprboesd itorcpdodld&engl

an %&k % a COQ%% production process described in any one
of [1] to [8] above. ‘

[10] The production process as described in any one
of [1] to [8] above, wherein the lower aliphatic
carboxylic acid is acetic acid, the lower olefin is
ethylene and the obtained lower aliphatic carboxylic acid
alkenyl is vinyl acetate.

[11] Vinyl acetate produced by the production
process described in [10] above.

[12] The production process as described in any one
of [1] to [8] above, wherein the lower aliphatic
carboxylic acid is acetic acid, the lower olefin is
propylene and the obtained lower aliphatic carboxylic
acid alkenyl is allyl acetate.

[13] Allyl acetate produced by the production
process described in [12] above.

[14] A process for producing an alkenyl alcohol,
comprising hydrolyzing the lower aliphatic carboxylic



conprising hydrolyzing the | ower aliphatic carboxylic
WD 2004/ 078698 PCT/ JP2004/ 002216 - 7 acid al kenyl
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catalyst to obtain an al kenyl alcohol. [15] The
production process as described’in [14] above,
wherein the acid catalyst is an ion exchange 5 resin.

[16% IE aPred ?tHQQCPIQ§§S§naF9?e§Eéﬁ@eﬂn|@hélﬁieﬁénce of an
ove, ereln the | ower aljphatic, c bﬁxyllc

aC|§Cl§IRéﬁ?FY$§ EPI?Pt%é%t%¥eaéhﬁnY abpehe

al kenyl ahsg@hohe %ﬁo@ubt’i_om £8b6bss 1é)s [dd3cAtbed keny| 14 ]
al coho uce t he product rocess _descri bed
& éYSt[g

o QE9V8neWg?r?iﬁ] ps"Fq 8 °CaEe LBk BE ER Fotl “EREhRE e

produeed.by the productlon process described in [16]

above. n he. | 1
sbore. Bist Mg LobaSaL g Ul ke | BLEDHERAIE: (141 o
des@ﬁBbedbonedewherebelbhﬁ IhweCoﬁ#QBh@t€©n¢®Ih©ﬁgllC acid

alkgpke ?aksagﬁi gggg{geanﬁaEBQ Hsﬁéinéé)alﬁeﬁﬁf alcohol

cat al'yst use e present invention (1) is hot
par@ﬁcaﬂéwﬂyaﬂFﬁhPéd and exanpl es 20 thereof include

conpound§1qqngg|g&ngn9g heasho0ngrefiut be b?|EHEnpﬁoduction
e on G?ou 1.and 2 of t
bel gs 8 ﬁ

t

bl
accBF eFBﬁ RotBnelét GPE 8? Fﬁ% Elg? above.
Chenlstry;8@uhé$y1989coﬁblsptodpoaddbystpeepeoébtyian

ng ggsgoggglgagggagn gigﬁ QES glenent sel ected from

group consrs rum sodi um potassi um
ceS|un1 ﬁ&ghegpdﬁlf@alﬁﬁnﬁYaﬁa Puti the #BVenpieferably

a salt 9&e§e&9@@reﬁbeBﬁEhESCQEbQK¥|bEeQéh@ igbkhtion are
nore preferably at | east_one nenber selected from

I|tﬁ?@ﬁFlb§6d#Bnﬁeﬁéﬂésgﬁéﬁw cesi um magnesi um
cal ci um ang E@mpuﬁhaocéﬁkhinﬂﬁgfa&ﬁhmlamedalaaﬁHVOI alkaline

aci G2l Peeatalfy phefBFabryolan ataralae S ABcPresent

pr efiavahty opot(dgsiemateparticEtampiesinfited) andeexamples

Zng%%He%%|99%6g%8 %oﬁEBHFdé1c85tg&ﬂ§n$eékongsIth@ of the
rding to nclature o nor gani c

CherilsmeptsRE3SNYI8Y, tOr GEREPEOADPBNAJ2 Of the Periodic
Table according to IUPAC Nomenclature of Inorganic
Chemistry, Rules 1989. This compound is preferably a
compound containing at least one element selected from
the group consisting of lithium, sodium, potassium,
cesium, magnesium, calcium and barium, more preferably a
salt of a lower aliphatic carboxylic acid, still more
preferably at least one member selected from lithium,
sodium, potassium, cesium, magnesium, calcium and barium
salts of formic acid, acetic acid, propionic acid,
acrylic acid or methacrylic acid, particularly preferably
an acetate, and most preferably potassium acetate.

Examples of (b) the element belonging to Group 11 of

the Periodic Table according to IUPAC Nomenclature of
Inorganic Chemistry, Rules 1989, or the compound
containing at least one of these elements in the catalyst

for use in the present invention (I) include Group 11



containing at | east one of these elenents in the
catalyst for use in the present invention (I) include
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elenents and nitrates, carbonates, sulfates, organic
acid salts and halides of a t}%ub 11 elenment(s). This
conponent is preferably one or nore el enment(s)

Se'éi&ﬁgngér g?CHPEfét@@d QQfgoﬁét@sCO@EE%HM%QIWﬁﬁﬁﬁnlC acid

and nost era er al one and/ or oId al one.
Thespérsaanénheé}deﬁ @%eac%¥%wgs%lf%%e%%%t $) t heth1s

preéSﬂﬁohEM%”iéoﬁréférQByyh@ﬂ@ 80 YmyBé el emenibes ) bitlected
is preferably ﬁé f | l'adi um The netal IIad

1o £ROBUCRBPEY nonB e ouPT ot TR Aoteebat ancand ogt

10 p@ékéﬂabmycaﬁppéruah@méya@@f@rn@dl@yaIQMMCIng a

d I d/
nydr agi n8hengarbaRect oo bt byt e SLtATVERIE M cin £

At pheseticnépveheiopal I adhayn heed any belemtirenyer nout is
the PEEQE ﬁ&?tﬁet%g afié&i ﬂg n@ﬁgr“ﬂéagi §&il£@§um as

paIP Ium 1 Ss” not artlcu met al
pal bagfuheseia maﬁnadpﬁh%aéavm %éBéEFeOOYa%%%%%rtl%%ls

'ntFagﬁﬁﬁkggfgbﬁdbég?§@ﬁlb§ oﬁﬁgﬂ?e&xaﬁpfﬁ§u@in§h£ divalent
capable O onver
Dal PAGY G CACEAUALoBa ParLaRGEn 1P Pabh Y TRa Al Jiyarosen

chlatldehgsedeuaF?hlﬁe@@aihgdagentzo pal thils uminei rabe
m_su Th tiUsed.i

cat RRISEEE G hEEY ROF Rl SpELERRY] LaEe Rel Y sagrge The
sufétaramnglmatErnslaofCOQWth? Eﬁﬁﬂ@?é@mpb$o®@t
nat%?&@hcu? grﬁ?ﬁl@éénghﬁsme£gfrEgithEﬁMd§r5h|b&ﬁladlum

um na ki esel guh
nonﬁ#éﬁ.pa@ﬁb@e oﬁ.Faﬁvarahagzﬂpéenmata%nPﬁllgﬁFF% can be

beLG?e@DreE&bﬁbeé823£ the §anuaalaa gatd bepebbe b8

not |1 m a .cont

oy CBP ST Ee 4 O TRE ShaBB O TRE. SOBPORE’ | R Rof € ot
par liiaitad yol,i pefiéddand ehanphds,thedeom thtbudpalladate,
pom%%ﬁlad%%n?BqﬁEgtgngnghégfﬁadﬁh%thg?a@espher'Ca

e support used is
al so notThﬁaﬁPP@Qﬂéruyeﬁlhﬂtéaeaﬁétﬁﬁ¥5§pf9ﬁaPS§|%% Bhe

:Egcﬁggﬁggi;nW@hégén dependiyngeOButhecshapeiorit is a
commonly employed porous material. Preferred examples
thereof include silica, alumina, silica-alumina,
kieselguhr, montmorillonite, titania and zirconia, with
silica being more preferred. The silica as used herein
is not limited to SiO, but silica containing impurities
may also be used. The shape of the support is not
particularly limited and examples thereof include powder,
sphere and pellet, although a spherical support is
preferred.

The size of the support used is also not
particularly limited and the optimal size of the support
varies, depending on the shape or reaction style. For
example, when the support is spherical, the particle
diameter, which is not particularly limited, is
preferably from 1 to 10 mm, more preferably from 3 to 8



35 exanpl e, when the support is spherical, the

particle diameter, which is not particularly limted,
wO004p7edder ably from1l to 10 mm nore preferabPgTfiPIING/@2216

to 8 WD 2004/ 078698 PCT/ JP2004/002216 9 nmm In the

case of perfornming a reacti on by packing the catalyst

in a tubular reactor, if the particle dianeter is

lesﬁmthafnltﬂglcéséaéﬁe PF £SSHL 8y | HSBe HEELSS packlng the
passi ng Esgas and gas circul at| n

n
pereétﬁé f%éc@|§%P91aﬁh§?%%E°¥f the %%r??%FéCfe diameter
di anBt eess€XRERUAS @M, nH]l&h@efpﬁ@é$@ﬂe93§s§a®@©mrs on

diffuse,into the de of catal yst, and the ca t
r ealBFBA HaS HABE aﬁao%gﬁdg%?f%%f?%i?%logsm?%r ?%gb%olg
strygetgbemoll theestppoly, wherdfsavérage pareidiandianeter

{2 oBELEERLY hhomRe 1okt 000500 callBbe PLEEELEPLo the

hm an rom
ZOOlnﬂudEfofheaaaévageapdréhﬁlﬁﬂﬁ@éYtig reagtippghay. Aot

nnl %ggegasﬁgggcgggghy di ffuse, whereas if it exceeds

e surface area of the supﬁgrt beco

too snalPsaﬁértHEGCBPE?yFFEuﬁEFF$|?§ § deRP8hse %%ﬁe
ratb@e?ﬁbéeﬁaréuﬁﬂéﬁbtéﬁdléCbréﬂbkaﬁlynfrém asl tbel 000 nm,

43 M A AT O R

= 38otn00560td. 200 hhe rati ohef aseppoet pand @g;meter 1s less

?ﬁ; %bggg 0 I?Cyhga snﬁagfhggglqaéﬁﬁ9ﬁg§gﬁQﬁék?age§§ it

pa|baaeemsbéc@ﬁ@snmex@@gssvéﬁyceaag@af@f the suppeFt, becomes

15 resybhiagann %nBOQﬁe 9§k5§9EHH‘Qb%@eﬁﬁyoﬁa§tab@réage
the reaction yield nay decCrease reaz ratio
rRE

of suppofheakadtie) beEVEER SHPERT s 50 FSFH@ 18, as
”asih@fm%@@pQ%E¢o|abg%ﬁeréba@ suppomt : (c) pallladium= 10

= 1,00 th f

Chi 69 SR80 Br Aot FRRE. DFRECPRPLs SHBREE faf EipEaigatiem =
contai riong 0al kalli. nétfattheamdtdr efkabppersaprd repapalladium
20 (P) %leq%nEeQ%Jo 'Q%et%aég g&°%ﬂpﬁ$r9f tBesPehibadGpport :

Tabl'€ ‘or conmp ounggconta east one_of .t hese
eIeﬁ@ﬁt@add@dG@W paﬂpaduuﬁbﬁsamﬁ§nﬁh@f Réasd afdpmobecomes

prg%ﬁ&igﬁﬁév%@b'QQE%%U&@KCQ%EaBﬁE@@1Q|k@bbulﬁ&h@l1n a poor
an ﬁgif%dfiﬂ %is%%&%qog?%%gte g %nﬁg%c %B%n% Q94 may
decrease, whereas if the ratio of support and (c)

25 palladium is, in terms of the mass of support, larger
than support : (c) palladium = 1,000:1, the mass of
support becomes too large and this is not practical.

The ratio among (a) compound containing alkali metal
and/or alkaline earth metal, (b) element belonging to
30 Group 11 of the Periodic Table or compound containing at
least one of these elements and (c¢) palladium is, as the
mass ratio, preferably (a) compound containing alkali
metal and/or alkaline earth metal : (b) element belonging
to Group 11 of the Periodic Table or compound containing
35 at least one of these elements : (c) palladium = 0.1 to
100 : 0.001 to 10 : 1, more preferably (a) compound
containing alkali metal and/or alkaline earth metal : (b)
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preferably (a) conmpound contalnlng al kali et al
and/or al kaline earth netal - (@)‘WD 2004/ 078698

PCT/ JP2004/ 002216 - elenent bel onging to Goup 11

of gmngﬁE'BQi %g@%eter iQEPQF”QfCQWéaPQ£DSd§é +£88L or
one 0 ese e adi um =

0. 08omposnd gonfpgniagaprysicepst @8R Ph ERRSPresements : (¢)

I NVeRGhQRiGh) = P Qansbe obt gsned Hy:lpading (a) a
compound contalnln%t kali netal and/or

earth meThp, Cebfluntefehelte bBIBR%lB@eT%HEIbEEeEEl%? (1)
t hecRar bedobtaahke by aoceahpgupd) somdapoung avntedsing

h t
one ke R TR B R RPN gociomens
conpemengsngay¢ Gbhpupndl( of thenBeripditci Eabiel 9r a compound
nkgﬁqalnwh é?”?%géttBﬁEGBE £?%§Hd§lémeﬂgéh99d°(c
orm n ol Fow ng st eps
ord@ﬁllsﬂépm(Q? 315U§P§F§p oﬁnlﬁb#égﬁ%@?ngthesEEEBP@ for

mnt@oaelﬁgueaéscoﬁgbﬂbh@@ @antal B) Ngna @@b 18f not
pal I adi um an el epen eIo

ngi n

theppéﬁﬂeaﬂér#abﬁéméFeé EaﬁpsﬁﬁﬁpégﬁtgPﬁFﬁ@f %RFiaé? a
onem@&hbaeae pberBRhS nothebEalDokahal ysepbr ecyrsor (A) in

g& h a step of bringing Catal yst Precursor A
obt neéd°Fi® the step (1) into contact with an aqueous
sol gtiepn (@f :tan al kali netal salt w thout drying the
precursor, b t P r 25,S
(3 o sfestel BE moPRe Rt el ace B ehar Cor B b ar dagoe
in spﬁ@tgpépceayanﬁﬂQGCénﬁaét fEt RAALRPEHUBI AGYaglt a0

suclk1asmenhydeadhgen rtﬁoc&ﬂhpn1&00@b£§énP63&@HiatTable or a
Precursor C  Step iﬁ Eg geﬁ ga%gr masg g to
CatSPV?PuP@eEBP§8Fn N9y a#ﬁ@ﬁ nERR FSE3f 1 CEFRES
(5) obtain Catalyst Precursor A;

Step (2):

a step of bringing Catalyst Precursor A obtained in
the step (1) into contact with an aqueous solution of an
alkali metal salt without drying the precursor A to
obtain Catalyst Precursor B;

Step (3):

a step of bringing Catalyst Precursor B obtained in
the step (2) into contact with a reducing agent such as
hydrazine or formalin to obtain Catalyst Precursor C;
Step (4):

a step of water-washing Catalyst Precursor C
obtained in the step (3);

Step (5):

a step of bringing Catalyst Precursor C obtained in
the step (4) into contact with (a) a compound containing
alkali metal and/or alkaline earth metal to obtain a
catalyst; and
Step (6):



a step of bringing Catal yst Precursor C obtained in
the step (4) into contact with (a) a conpound
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netal to obtain a catalyst; and Step (6): WO
2004/ 078698 PCT/ JP2004/ 002216 L1 11 a step of drying
the catalyst obtained in the step (5). The catalyst

for use ing kgg BEeaFgEnb”¥ﬁthgg ggét'ébt9£§é§r§@lyhe step

for exanpl e, cat al yst “produce his 5 met hod and
havi(Rg -a specific surface area of 10 to 250 nR/g and

a pore vehdmea@hi1Qsi E@r1u5eﬁhh9th$h§ré§éﬁt ohebhoibar (1) is
use in the presen |nvenﬁ|on glﬁ rt| % %
| PEBACTBR s LT e PARBBLS R CBHELYAFaPEACROEF oklr BBAS
ha\émbaghbﬁomrla hav4ngaabepeamﬁre shi@faoeeapeaf efablyto 250
et ne_or pro Ien The yl ene pyl ene are
not X‘pg?t?%%lg ‘?l‘fﬁ & an (Fi Césgnéjhy(f%car bons,
| ower saEheaﬂeWehydﬂeéanb@prsusb as tbehan@seﬁbthaﬂ@ntlon
and n 0 S d de gc

R Gt %g?tégﬂﬁg 49 SaLHE RLAC ng £Q £Q98r§H§9 an

as kSuta rocar on I S
preﬂ@ﬁ@@Myaaeﬁ|@ﬁdyeparpoanéaveﬂatéaomh?dFecérséﬁbomhétomSr

|Om@br@|b&%@%&%b@?rQthhbﬁeaBkdpEBbyméﬁeln TH@ ethylene and
present |nvent|on (1) s not Iarlﬁ g]ted but
i 818c

i s PEPBNELAS I8 PS%ePaéFFEH&?F Yc LBd%§ ig these
havihgariocerbdds] oléwear banuatasd, hydrecprbber abty as

formc acid etic cid o rogi.oni d
nnr&t Pgﬁérgﬁﬁ%aggeglg pro 8HBLO%erga o@%k unégkhkated
carh&@ﬁqdanhmnd§uu®uaﬁlpuaadubabbemawnbﬁh@lﬁﬁﬁketTban

be %@%905§E%m9%2%e IEQEr%?QyIQ hh%ha5g§§@9 uﬂggehfaeed

par |cu ar im{éd
sup@YdQQQQ¥h9We form of belng diluted with an inert

gas suchmas ﬂhM%Qgﬁﬂl@hatQ@rE@&b@k?&h@eagaa fberuse in the
exanple, in the forn1of ai,r,

R e O G an a1 e PO BRY HeBd=  THe fndegd, but is
anopy dfewaib 13l isphatier cdrbbeyliicc cacbdxy3cl emed bhefing from

and 0)969 n cfa%rbo%s%toﬂlst hﬁlOE'r e%.%%tfelr%%q_&t If%?'m.l(;‘l LCI.'LE acetic

as the ol & T8t i 0, preéefe
acid or proplonlc a01d, still more preferably acetic

acid. Lower aliphatic carboxylic acids usually available
on the market can be used.

The oxygen for use in the present invention (I) is
not particularly limited, and may be supplied in the form
of being diluted with an inert gas such as nitrogen or
carbon dioxide gas, for example, in the form of air, but
oxygen having a purity of 99% or more is preferably used.

The ratio among lower aliphatic carboxylic acid,
lower olefin and oxygen for use in the present invention
(I) is, as the molar ratio, preferably lower aliphatic
carboxylic acid : lower olefin : oxygen =1 : 0.08 to 16

0.01 to 4. 1In the case where the lower olefin is an
ethylene, the ratio is preferably lower aliphatic
carboxylic acid : ethylene : oxygen =1 : 0.2 to 9 : 0.07
to 2, and in the case where the lower olefin is a

propylene, the ratio is preferably lower aliphatic



carboxylic acid : lower olefin : oxygen =1 : 0.08 to
16 : 0.01 to 4. In the case where the lower olefin is
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35 carboxylic acid : ethylene : oxygen =1 : 0.2 to 9
0.07 to 2, and in the case whrere the | ower ol efin
is a propylene the ratio is preferably | ower

al | phatd G %98%9%078?%% g%héPZOQﬁgg%Zlﬁl : 125 12 : 0.5
carboxyllg aci yl Bhe oxyge 1to 12 :
0.5t @-2. The reaction starting material gas for use

in the mh%?»%tacltri\éantslt@ﬁ&t&h); f@eRkaiias gakOWeE alsef iR, the
a | ower hat.i c CarbOXé|IC aci d_an

For DEeaRite LHREGSEn | TdarRbhoamey PadoHE Ty a1 8ETas fgover
bF ?ﬁmﬂbﬁﬂtﬂt dﬂﬂbﬂ&@ﬂ;clhcddsamadox%hen thd,| 6wer example,
ol efi ower i phat.i ¢ rboxyli |d d X

are’} & rasH éP ?e ¢ |%n %téﬁglnag ng ? M?EH as a
rat@almknﬂeacﬂiGWSl@edtarWhﬁ@ triee Abwk randediRueAPWES, |

as the &'dgfﬂgxylﬁ%e 2 € @bgﬁdr%§§%b9na§EaHEheged as the

mat er | nore preferably
reama@rtlsztrar&‘qaﬁrgtl@ﬁt @ﬁrcgrrlaém ﬂ}@ﬁt ratio. of yepgtaon

Thedﬁ%%%ld&%&ﬁﬁﬁﬁhﬁgaﬁ@taﬁu@bn&aisfoﬁsuiﬁelmouhe ri%io,
present i nvention is. pr ferabl pass ed hggou%h th?

cat ANRGeTAP LY L5E6 l@QIS& PEY18E, TR eFﬁ@ sta
st atoe,05 fym 1@notr@ Paeded abilyl remotdopr etarabhy foeorrial :

300 8, Q00 If the space velocity is less than
ﬁ&afé4%1 %eat ‘of regctlon may be difficult to

rennve Viher ez dtfloR0 stthae td pac mareirdeilt gasxéesdyse in the
Wg;%ggntl J«Jb%t%w rf%ntls 'b%lf'err%@'lys%%gséﬁ &hrough the

ressor, becomes rgé this'is not
pr a@atElysh mt He S@@&@t W@rlr0§tl§ryt |°r¥g it éPPaPtgagargr state,

use fidbnt e 4 esento ol lh‘iént i@ |ldreffeﬁ:(w§l@/ 5 riom 30 0mald%s, 000

of water cap 25 ‘be add Prefera f.rom
ol Bof - wat ertiS SRRV B i T U gfevgc% Ldndd o tPe
wat éredin dtheresactiem magl bleomigﬁﬂﬂwlrteatsuomsmave,nwhereas if

cl eqnly E,Lnggd@elr S N QU QY Qo of Br-1 N OO Mhent

cont al ni dl’kal ine ‘earth
fr ometqmut%d ,aIS}BIh @@c@e@@é@re@@%verbelcpn\ﬁﬁt &P0j dag@gednd

i n am AUt Sxgaedinig 40 ml %

In the reaction starting material gas for use in the
present invention (I), from 0.5 to 20 mol% of water can
be added. Preferably, from 1 to 18 mol% of water is
added. By virtue of the presence of water in the system,
although the reasons are not clearly understood, the
outflow of (a) the compound containing alkali metal
and/or alkaline earth metal from the catalyst decreases.
Even if water is added in an amount exceeding 20 mol%,
the effect is not enhanced, but rather hydrolysis of an
alkenyl acetate may proceed. Therefore, it is preferred
that a large amount of water not be present.

In the production process of the present invention
(I), the reaction of a lower olefin, a lower aliphatic
carboxylic acid and oxygen in the presence of a catalyst

may be performed in any conventionally known form as long



the effect is not enhanced, but rather hydrolysis of
an al kenyl acetate may proceed. Therefore, it is
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present. In the production proc% s of the present
invention 35 (1), the reaction>f a |l ower olefin, a
| ower aliphatic carboxylic acid and oxygen in the

presgnge of ? Cét§5¥5%ha§§¥ Bt PERhEOF BREL 1 Hn &Y preferably a
conventi onal ormas | ong WO 2004/ 078698

PCTﬁJPQQO@PéOQiQE reag8iofBs it is in a gas phase, but

t he reaCTh@”cbﬁsEE@&@i@ﬁ'Ma@erihlegfbﬁﬂeff@&bt@ﬁcm$@@ in
The constructloBPnaterla of the react

per PBFAPREPHe® oBHLEIER1BR oRESSCHF ?getg?egﬁﬁ%e%t
I nveavkearioh) (I metnparpacuhaulyrlyniimdte@utbat a reactor

react or onstl ut ed ter] hayi
el A T R LS
propee§emtedhe present invention (l), the reaction

te”peratg&cpb?FBEﬂﬁh%OQhEopréguggggh preteLabby £ﬁ@nbresent

120 to 2 eaction tenperature is, |ess 8
100&nVERitd opmy 1) dl§8§v§ﬁ?8§é@HSF?mEﬁﬁ§Eufﬁe1?egﬁ?moﬁ 0 to

to Qb@e@edﬁbf@@ab@¥0@§§mV¢by tewzrare,. wherens réatheon
reacti on tenper

rea&?@@ﬁrﬁﬁyrﬁoﬁsbieﬁﬁnﬁ igﬁgﬁ thg ggaao?f

desdﬁ@bb&ankagpenémynbBgsbhEhprndactﬁon poopesseefl ahean

present _i.nventi.on (I (| |

D ey Ria. D e, Dt 896L1 20 HECTRUEE b, LifiBbracure
reaekn@@dsp6@§§@neths hess Dﬁaﬁe@CNPaGimaM|§0haye removed
d|sgg@anﬁgeggsbﬁtzgeggggglgeduct|on in the reactlon

wher eas i reacti on pressure exceed
MPaG, t hé le@EFFRERE NPedliPr BECIUSGE RN BT PESEF 8% Fligepresent
becamRer®NRANYiTVE @ﬁ@ &Ba&thanngtessnaétneafromnothe 3 MPaG,

r t t h f '
B BB ST Ry £-dcHd e Saegy *l 8y thi reBdei8Her
corpﬁaﬂsumE|x$ ﬂessemhabeﬂmHQaGbhehcenmemtdasﬁdﬁaatageouSlY
the fﬁgﬁ? redudNaly GnCanRoxYh b%ﬁ ﬁ'ga@@d %H@EQHEUEE efe

(a) npound cont ai ni ng
al kmaamvetm ¥ e SPEE Sl eef@&@éust 8dMPAGy h&hei epRiPpeBt rREuired,

out Iselcrand 3% 48 on tube becomes expensive and this is not
practical.

In the present invention (I), the conversion of the
lower aliphatic carboxylic acid is 80% or less. A
correlation is present between the concentration of the
lower aliphatic carboxylic acid and the amount of (a) the
compound containing alkali metal and/or alkaline earth
metal deposited in the vicinity of the outlet and as the
concentration of the lower aliphatic carboxylic acid
decreases, the amount of (a) the compound containing
alkali metal and/or alkaline earth metal deposited
increases. If the conversion of the lower aliphatic
carboxylic acid exceeds 80%, the concentration of the
lower aliphatic carboxylic acid decreases in the vicinity
of the reactor outlet, causing deposition of (a) the

compound containing alkali metal and/or alkaline earth



30 concentration of the |ower aliphatic carboxylic
acid decreases, the anount of (a) the conpound
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deposited increases. If the conversion of the |ower
aliphatic carboxylic acid exceetls- 80% t he
concentration of the 35 |ower aliphatic carboxylic

aci d decreases th i, t

oSSBT, FaBhEh o Bhobiagecas: SEaBlybRtor o
al kaldduretian dmd/art adlykdlc peréanfmlan\ts@ 2004/ 078698
PCT/JPZO%&%%%%Z%SNelyé41n”%%@|SQQQuEQH%n oE%%glhfi@he

bl ockage of reac ction
per fooersemde i nAlendrieat i (Jal,y thien cpﬁ@e@rté@&éﬂno RipitbEessver

Of %IQﬁgﬁﬁﬁie%%fﬁg&%ﬁhboﬁcﬁh)attQ%eCQ@%%Qb&athmle1s 0.5
5 al 1 phatic carboxylic acid at 't reactg%e

out metl § ©T0 M| %PoCHFdiee 2 tACB0 e PEESER g’eﬂiW&?é‘n

bet \&ﬁib &:letrlt&atq@iﬁem rtaiﬁ Qwefr l‘alle.plh@wﬁrc @lairploayildc acid and
car IC a nd . the amoun

cont q':kﬁfla r?e)t &lhe é’r?H}P& o Qﬂ%%tﬁétﬁg‘a%?g&%éﬁq metal
deptm*id/e:d: |arlktafiane caamtﬂy meft a0 defposadeideti natdieay ichaity of
congentrat,i UL i:C...C | d
ConSHE i Und 1% e %niﬂenﬁ*}%%l%nogagfg%nggy%ﬂ%

al kamlgtawc areddhnxyaihmamsi d@ﬂrﬁﬁwralth@e@m% (a)

| NCHEAS GmdduddI G AANEAHALING 11 ndihe lugTor alkaline
allpatlc d;/lcamdlslessthano. 15 nol %

(a) qaq@:l’bérrﬁj'{ﬂjn eRraftidiad AgcA9eRss et /c&ncentratlon of
al kaljde gt hh il i catwed ltie depesiils drdst kihanmdy 5

result in bloc of rea t|o ar_.a re t

et LR Al SE LR B SRy s or
for T‘@l.ﬂl}eal(ilme ddath InsataJZOLst Iwusaid G oofdedns idl leald th.‘.LS may
met al _ and/ or st

use 35 the Bt oS Oafltﬁlqew | onaflﬁﬁn)%r} ldx.“ 4 he satalopstidf or

e prese owi hg out fromthe
cat atatsalytiisc m@ffeqlamf?ﬁefrom .0x10-5 to 0.01% h. If

the outf gy rald o dy +85% tg@blfllmgy ¥du1d he), that is,

pores of the catalyst may. be cl ed
COantﬁ]drq;macp ?{geaq;(kaqlt RE LA olgg 5]@ ine earth metal

elartih r@@lcmﬁ@@omﬁ Lm“et:he m«aetqm@entcaummgtlon (I)

Cl 0g he_react.i on t.u and S t
prod%@?&ﬁh ﬁﬁw’#ﬁﬁmkﬁp%téﬁﬁ%3nfﬁ e 6%% %%%%%nggh

the puif1®W £atH001%/h. If the outflow ratio is less than

1.0x107° °/h the pores of the catalyst may be clogged or

the compound containing alkali metal and/or alkaline
earth metal may deposit on the catalyst, causing clogging
of the reaction tube, and as a result, the production may
not be stable. On the other hand, if the outflow ratio
exceeds 0.01%/h, the catalytic performance may
disadvantageously decrease at a high rate due to the
large outflow of the compound containing alkali metal
and/or alkaline earth metal. 1In this case, the activity
may be maintained by feeding from the reaction inlet a
compound containing alkali metal and/or alkaline earth
metal in an amount large enough to compensate for the
outflow of the compound containing alkali metal and/or
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and/or alkaline earth nmetal. In this case, the
activity may be maintained by ¥®eeding fromthe
reaction inlet a conpound contai ning al kali netal

and/ Ikallne arth . n

enofgir ot BoRpentare srr ene osils EBIRor habBsE e

cont ai ni Ag éblranluﬂamétZal, ahe/ masmzoaak@megstal or alkaline
PCT/1R2! Oﬁﬁqggz%gtflo%?ngahgakheemgégtBf”ﬁ&ﬁhlltﬂetal and/or

aIthou is is unprofitable. I'n formula (2),
nas@lécfalam@aﬁuarﬁét auet@rl srRipiAEY éBrthengpgl at the reactor

out f.@WeRa | ghkhg1mass @ﬂ‘et@llkélllemarﬁt;abraadkaulne earth
al kal.i ne earth net.al contalngd in th

t .t.he
 ealUSMenE G PEEY TRE CHPKAPARBLAP EPEnaRfagt metal element
al kaJd e kearine elaemnmea&luseémbeltecnnltadnedt es theatalyst
al kali_netal ele r_.al kaline earth netal el enent
cont&mﬁgﬁegg &ncgﬁ a%alibﬁponent in the catal yst.
CUtflOM/r@mtfﬂQW©$@t30{0ﬁ3éh(*g/h) of alkali netal or

al kal i ne eg{LgTaQEtggg?ﬁseSEe?iE§f§ ﬁ§QAloéraékﬁ£11ne earth

metal or I ne metal in the entire catal yst
packed} x 100m¢bplréeteghnplBassnlihe @f odbkeisnmetal or

process of al bykalifcaggtahenepol assi Uheasetate ¢stalyst
generally used as a co- catalyst and the potassium

acetate i s appropefat &l y0fdded to the reactor even (2)
during 635! I0nARCAUSE dHfll 9600 EabR! $Rbckli@Rr0dl 1y1

fromthe réaction tube dur % reaction
contaiated-eas mamqmnaﬂet@tﬁotlésgﬁﬂﬁ\ré‘éﬁfﬁo@ﬁ@dl @818 CO-

the gas 3lstt hed e Yorlddi®in atR@ateatial w %br@%ﬁﬁ%@ely added

as used herein indicates, a6 cataly ac %
reaéFbﬂQﬂu¥Qi9§ﬂ§|QYQWM9%H¥%kleB€F&Pg SSENG8a this co-
reaC‘daﬂHILy&‘sttarﬂlldil@ aterin g rleracﬁ:hen cade wheried weaction

ggrgg{ kagﬁ} 5%%§ resg%% ggeggrlgs Qt F%%ﬁd% coq?ound in

of cdtalgest apactlt@d ngectldr roeadtedr.s i s |nd| cated. The

al kali nmehal .l qnanf s@ Hepl k3l hRe et iftlidldicates a

el enent i'n the gas at e reactor outlet may be

det etatedlyst packed in the reactor and beind in the state
before passing a reaction starting material gas. In the
case where two or more reactors are present in series or
in parallel in one apparatus (process), the total amount
of catalyst packed in all reactors is indicated.

The alkali metal element and/or alkaline earth metal
element in the gas at the reactor outlet may be detected
by any method. Examples thereof include a method of
detecting the element as a condensate at the time of
separating and purifying the reactor outlet gas and a
method of adsorbing the element by contacting the
reaction mixture with an ion exchange resin or the like.
Specific examples thereof include a method of cooling the
reactor outlet gas to an extent of causing condensation,
and determining the potassium concentration in the

obtained condensate by an analysis method such as
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nmet hod of adsorbing the el enent by contacting the
reaction mxture with an ion exkhange resin or the
like. Specific exanples thereof include a nethod of

cool;ing £he 32k g%%td%l%%g' %g@@algﬁ egesmeeog&c analysis

causi ng condensa i ni ng"t he pot a
cond@@ﬂﬁamﬁéﬁemnrﬁﬁ@rr@@tﬁpnéé ééﬁﬁeﬁ@ﬁ?érﬁﬁcaﬁlc analYSlS")

analqsizg %h%@s%%%ﬁl%% W@E%%Q4/Ofﬁégaetermlnatlon method
PCT/JP2004/002216 |nduc§|on coupl e

eni d$iig9 §§€ctsp@§éaﬁiss°§ﬁ&| FEp Yse-ﬁeﬁéu A] tEPriéFB;LPEaY

to asmikCd HREGt resCepiampdey! ¥ai ablolateatalibration curve
absor %§9n nmet hod. T e determ nation nethod wusing ICP
spegl o B ﬁaPﬁ?’S is not particularly 5 limted

but , forIaxampl@ut&dowbswkubeusauubnathenpcaseet invention

met Nad MPhPGaUSCYs 1A GUkBIOWT 3hka14ndchl chRetal in
pr esent |nve ion (F) the ass of neta
al kalhenenddmeh crstedly sitn packedeAnidisasasaltyist Mpasked alkali

'ndﬁ&?@é¥5éﬂ%?d?a%ﬁk%ﬁl%kk%%&t%Om@%%@'1ﬁn@h@reﬁEK@b|E§talyst
earth nmetal, in the entire catal)y &Eacke

reaﬁa&kedsﬁé]cltfhlecéﬁaftotrheSﬁ’§§§f6f:a Kal i nﬁ‘f’“&ls of alkali
andint Al kald/ke eantsh inkt alarith mkeapatckedheapakked catalyst

bef re the taI used far the acti The S

. HEE EEaE ST Do die e “BAr ERenEP AT LR e ThE: mass
c at a:ifysatlhaﬁa,n g&tadu reinagy’ are adtkiadn ngueatr ¢ homeftledwiing tbe
dep of .+t 0 f t e f
ol RS oy RISy LBGe Ul dps DR aging oF
her lepasstical off &hed aeapodes £Re caval F8¢ Bepsr @f alkall
reagidiQn. aHie QUKW it i k¥ Mktean ake ugedt heldeed by

th t dit Ll

L o R FERE G (HBsSare Laad BEAPLEng SRAPPal
conponenmheammtﬂﬂmw'meaokiq&/mondbhibescamerséﬂeﬁoby the
gi ve a%t%utf'ot\@{nc{lg s 1l %sd%se'arcgqﬁaat&% gecurg

contro i's not ~ particu
for nﬁ@ﬂﬁﬂqa pixiees souef |agd ﬁéﬁﬁ@lﬂg maﬁeﬁeaﬂn@p@@§@@nﬁy and

el evald NG 48 JreRTrAR {RPeRal Wee @b JiRer 8ASIRNG fIbe ratio
rati o of | ower, allphatlc carboxyllc aciid in

he
Staﬂg}ﬁﬁl djrgd ééﬁﬁﬁﬁent controlling met od is not

particularly limited and, for example, the outflow ratio
can be increased by elevating the reaction temperature or
increasing the ratio of lower aliphatic carboxylic acid
in the starting material component.

During the reaction, (a) a compound containing
alkali metal and/or alkaline earth metal must be fed from
the reactor inlet in an amount large enough to compensate
for the mass of the alkali metal and/or alkaline earth
metal outflowing. Preferably, alkali metal and/or
alkaline earth metal is added as (a) a compound
containing alkali metal and/or alkaline earth metal in an
amount of 0.0l to 200 mass%, based on the mass of the
alkali metal and/or alkaline earth metal outflowing.

More preferably, (a) a compound containing alkali metal
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conpensate for the mass of the alkali netal and/or
al kaline earth metal outflowndg’ Preferably, alkali
nmetal and/or alkaline earth netal is added as (a) a

CoONPoYFl - CONE R Md% Al et &l and{y @l kil ifunt

t
earth netal 1n an 35 anmount of 0.01 to 200 nmass% ,
baseHH A HRN e F IHRATEN Kdlan ddtalmait/r ik likfe 1

ear tifie vl adn@Ld# | DMt dltine Ml £ Wiy, Although
conp

und contai ni ng al kal i t al 2004/ 078698
PCT/ S20607 DRSS 10 CLRRHBF HIGGHS TRe artiF e 2
i s ackegoumd arorttaiming egliiadal erdtdlo aord grreatléra ltihen earth
t he of .t [ I or [ th
met a‘f@%‘%]f f%%vmgcﬁ%gé gﬁ Hou E;]%}L%t\f}azi%r etasagﬁés@ e&ﬁgfﬁr €, the
cl ea¥¢§cuheersiobll, dediergey kL conpound cont ai ni ng
al kal i mef@gd %lﬁ%ﬁnc?lé@{ﬂ&ﬂﬁl tdy kBt et S ‘%ﬁlgﬁi | d/cé)f 'b1kaline

an equi val ent anpunt or nore e reactiony

t e
decr@®sER Mekal (b RanRRurRAdeshtRy Mg Batad, hsttalis
and/ore b Kathl Neaddad thy Mel:alnd alt may Deraddaibdys it ing
method, but.is 10 preferably added by mxing it in a
react? o 53hrf3%hy material gas. The present invention
(11) is deserpbeseibelowenftieon prisents idesntibed Hdl)ow. The
is ' i G C oxyl i.c ' [ . pr :
by %}e@%‘?%%ﬁ% ‘ip%?lé ip%) cgfslg) ;S%’A a1 %féor\?vearall %18103 icga%coqg’llc
car baxidl | el kenyl ahkediytedfbyt Hhereseshctjqvandaasy 19£ a

pr esEhteRhvmt i bh (193798 F3leadq ok MAth@ddey gfo the
hal ogedcesos ospaEad, Wid Bovamer] idHhad icaddxylic acid

carbodie ad Ll eolopr adieed by, e | phose.

pr obhemgl Sng hohishTlrgersiam aimppdadmenth ledovwr sdifatic

oy T e 1 carbo T e Bt A ke 1L habh S aheee

st ar'f3 e D oneled iand vHipIsaft R sl N O Matdddgen

can Peob BEWA N @Ge Qs | Jo kh sPiss ek Wddi.pment less arise due to
no mingling of halogen. Furthermore, when this lower
aliphatic carboxylic acid alkenyl is used as a starting
material, steps such as removal of halogen can be
advantageously dispensed with.

The present invention (III) i1s described below. The
present invention (III) is a process for producing an
alkenyl alcohol, comprising hydrolyzing the lower
aliphatic carboxylic acid alkenyl of the present
invention (II) in the presence of an acid catalyst to
obtain an alkenyl alcohol, and also includes an alkenyl
alcohol produced by this production process.

The lower aliphatic carboxylic acid alkenyl for use
in the present invention (III) is not particularly
limited as long as it is a lower aliphatic carboxylic
acid alkenyl obtained by the production process of the
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al i phatic carboxylic acid alkenﬁl of the present
invention (I1) in the presence $ an acid catal yst to
obtai n an al kenyl al cohol, and al so i ncludes an

al k r d | tl f . i
T T el Dl oA e e o § o pRrdtdss.  rhis
35 ikpuate priadwmiid MmARa¥eR-1Q 13014 §1ﬂﬁ@tn§’éarltsi oredempbly
limied assdongas it is a lower aliphatic carboxylic

aci d al’kenyl obtai ned by the productLonIpro§gss of th%
WO 2004/ OHAES 98 SRSHLRPAG0 4750 300 O LY sie 1s no

i NVesdtorty 1 1yand e d,onhiid ’hHamwadties. cHu de lpewesformed,
aliphatic car °Xy|iQ)Q§HP ﬁ]%ﬁg%j js preferably allyl
acet’st’e. S HHEP preture i S ne (0l'ysis reaction is

not 5 parThe ufeadtidn ridmghraintre He redec thyckr odais ilse reaction
perf:pgnl:%‘jt gﬁi&fl%f’lj]?&it%é) t]:fbé‘:i% r%@e_rgﬂﬁy_ from 20 to
reaction ft erat ure i"n the hydrolysi's reaction "is

not 304 16 cureire ywrefataRly From S et 541G from 20 to
300C, norenprigfersl) i d BN diP Z0GselAnThe present
hydrol ysi s, reaction for use in the present invention

(11 137 YSRE 18 ptHior R 136 Ry SRiad o St EReCaian gy sten
gas glheisead eged ighysd ixpaat Pmse rqaiet iphsandeaction and
soIid-%}&u'd reaction.. The hydrolysis reaction is

pr ef € abs Vikﬁﬁ¥ rret By 15 adding water to the | ower

al i phat i cTlvartoodkyd Iys scinkacdenyls qorefenaplyl @eatf@rmed by

t he v i f i s j ; ﬁg%%lr i
aIkéﬁ?ﬂuﬁ%a7ﬁgaﬁy%%gﬁviﬁ%ﬁﬁ?éggf&gﬁﬁh%hg%gnvu tl%§2a8£E

vat ez lkericl $@ 37 dferalfRate e LOYer B heds fhendrarer

pr effi%é_lt_{é Oéﬁffio&%fﬂ& waala%rmﬁl}]ls%n tdhe hydr rQJtl%;%'i%
reaction js prefera erfor e, renmovi

r oG S Reny T T it VR A RF gy from
The et hosl 6 ©rmaesroyingrd here fddedriyt fatawwoltoltow0 afasss.

the react] syst em.l : | cud arly. [iag ' t,

for exarrpzlg‘g%]o’a i‘r’srllie‘? hrﬂo%éro({h%}%%?déan%ﬁaﬁgu Sstﬁglr?c%%%éopl bl e

of feerfegmes wrebe ropiqving the produced alkenyl alcohol out

of the reaction system. The method for removing the
alkenyl alcohol out of the reaction system is not
particularly limited, but, for example, a method of
adding a substance capable of forming an azeotropic
mixture with the alkenyl alcohol and removing the alkenyl
alcohol while performing distillation during the
reaction, may be used.

Examples of the acid catalyst for use in the
hydrolysis reaction of the lower aliphatic carboxylic
acid alkenyl include organic acids, inorganic acids,
solid acids and salts thereof. Specific examples thereof
include formic acid, acetic acid, propionic acid,
tartaric acid, oxalic acid, butyric acid, terephthalic
acid, fumaric acid, heteropolyacid, hydrochloric acid,
sulfuric acid, nitric acid, phosphoric acid, hydrobromic

acid, hydrofluoric acid, silica alumina, silica titania,
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catalyst for use in the 30 hydrolysis reaction of the
| oner al i phatic carboxylic aci¥ afkenyl include
organic aci ds, inorganic acids, solid acids and salts

therg SR%%hesg examnkes thess gfexkﬂﬁhggelggﬁﬂlﬁnd sodium

acni? ace I C "acCl propionic aci ric acid
oxalsiad tacipd;t atstiyam @aécti,dmagéieépﬁmhaiail@ 8gdagi-gminum salt

fumgh GG d, AHEE%rQﬁﬁlﬁacbgilﬁygﬁggﬁboﬁb€1@ﬁl@xchange resin

sul furi c acid, nitric acid, phosphoric acid
hy digbrsite Pradierresy dfolVigsr O 8@y, SePPFesigPufiRY, the

S':'é%kédﬁﬁ“ﬁﬁhoﬂﬂ@ %QQ%&OZ&@%&1BGTﬁ&P%QQéh69221@gls t@sin is
silica nmagne aci di ¢ cation exchan

sodiMhe 5?3: fserﬁt?(la’s’s%i?ﬁn §§Iaplpqi$ﬂgr?é15| i%;hgnﬁg resin where
al unimuisald adﬂmzreea?ﬁmcmmm@lt lyeromp $@ICihd agchkdildonic acid
cati i i r&f vieaw ot

easf seg%a hstai on ror%%t i%l%SgQi kee%?l dgﬁlggﬁl?ogalfter sin
reackedret@m.acidity. This resin is nore preferably,

for exanplipy fhd At BX ARG ARSI 1 gMidee hy@@o@{s}lsdlsC reaction
active functjonal group such as sulfonic acid %

i s HoHdewre o ﬁé‘estw-ie@@é]dﬁ AR Pedd Tldsitg 1O
skelgtan.cullhriine Jappaedt, upuef pearifxeranbed tthew-type reactor

hydr ol f th t

Yo S S S ] Ochl Ral  ERGH U vcea 50
f 1 owdngiel eleact aronstsarnr efenmed .ofWeen athmno’rl mdcehol can be
g?a%oqjgilk \fsly i#saeiqi 4 be%f ?ﬂe“?ﬁ]eﬁo‘} £ %.tsarits %@é‘f@rred

onti nuous obtaine
and t her eifIDr‘Q—:l'lEt mzegentpriavantd®n (T he tﬁ@e%ﬁlho

i nventdan {dd lan dihe st hed aOfflﬁdJ@éH &Wt@p@o&@actor by

in a fjxed bed fl ovv-type reactor usin an aC| dic
cat | Wi Tk cHarRfe 65157 9 Ciiiﬁdi%ﬁy fydfolysis
not qeardiwdd ard ynd rpaxeﬁ,cmiarlay r‘iIeiInimﬁedJ,f %03 caaux@iti’mg)d of

an ascendi ng flow to,.cony, JE ctio ol ti

cont &t i TP tg?‘ié RN aci"i c}r ;’isac r%m Ak SO]iutlon
and cmttealrf:rrognitlt‘e lmotdwmlofphtataa eamhmmlmco atiel alkenyl
reactof St efpds ﬂ@ﬁ:ﬁfﬁt‘?ﬂn 4 S £RSQr MR o the reactor

coagu ation of "~ 1on exchange resin and the driftin q:
r(%uﬁyﬁﬁﬁ@t%ﬁt@ygﬁelled In this case, the coagulation of

ion exchange resin and the drifting of reaction starting
material, which may occur in the case of passing the
reaction solution from the top to the bottom, can be
suppressed.

The alkenyl alcohol of the present invention (III)
is described below. This alcohol is advantageously free
from mingling of halogen, because the lower aliphatic
carboxylic acid alkenyl as the starting material does not
contain halogen. Therefore, when this alcohol is used as
a starting material, steps such as removal of halogen,
giving rise to corrosion of equipment, can be dispensed
with and the process can be advantageously simplified.

The present invention is described in greater detail

below by referring to Examples. However, the present
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advant ageously free 30 frommi4fyling of hal ogen,
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The&r'ore; hhén PﬁFS&éﬁg§%8|%%§r§§§d as a starting

mat eri al Thet gpscsechoaslesnonal wek habdyead byi vhagfollowing
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Wi t ang the process can be advantageously sinplified.

The lpr 85wy liegM¢ent i on is described in greater detai

e by e asbcamaaon, ibogomerti sassanpiores

- nvention_is
not *Pfni YFH@WeW@?r?hgérg cP%rtBﬁtPEnggg dag was~sampled
analaywdied hay et rfeolalvowinngofnmehkodas floWedpyhenea5lAmnl gas
absql_ut al_i,hration curv 0 r
S0 S M 0 SUL G LR B SUBL LR ek oy
and unide rerithier € cdrbowingofondatgasst.| owed into a 1-n

gag: .S qk&%%% d to a gas chromatograph and was
angﬁﬁzggﬁkﬁ%ﬁér t e?follomﬁn conditions. Gas ,

chr omat 0gBaphgRr GARt R AL APk NI TAT tHERA ¥ uiklnadzu
by Shi nad@yfpgﬁaegéﬁ lv@?ﬁh Ms L@h@dgﬁﬁp&wmcdlqms—(méashuring
measuri ng ube; or | z r onat ogr,ap

Col urm: | DEEREH ol U SERRITS Ca e gpirnay Gy aBH
Cacwilemrgas: hel i packbHowoiame: UBSbabAri B, length: 3 m

Te ture _conditions: et. or ;te re was
TRt B > spiaan [pEefeFSFet 2palErhhac ® 1 uoe
and efipe rediusen cangiipéeasure was constantly 140C

Det ect or : pfCDy6EHE-PELSSM Se r or KRG Lo TE@NIEhd 2P ization
10 2. Oxygen An absolute calibration curve_gg%hngxas
T oW Yas

enpl oyed CRBRLaRaF§EPREaiMeS 739 M0 of 31
was sanpl e@mperature was constantly 140°C.
Detector: TCD (He pressure: 125 kPaG, current: 125 ma)
2. Oxygen
An absolute calibration curve method was employed
for analysis, where 50 ml of the outflow gas was sampled
and the entire amount of the gas flowed into a 1-ml gas
sampler attached to a gas chromatograph and was analyzed
under the following conditions.
Gas chromatography:
gas chromatograph (GC-14B manufactured by Shimadzu
Corporation) with a gas sampler (MGS-4, measuring
tube: 1 ml) for Shimadzu Gas Chromatograph
Column: MS-5A IS, 60/80 mesh (3 mmd x 3 m)

Carrier gas: helium (flow rate: 20 ml/min)

Temperature conditions:
The temperature of detector and vaporization chamber
was 110°C and the column temperature was constantly

70°C.
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gas sanpler attached to a gas chromatograph and was
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chr omat ogr aphy: gas chromat ograph (GC- 14B manuf act ur ed
by Shi madzu Corporation) wth lg’as sanmpl er (MGS-4,
neasuring tube: 1 m) for Shimadzu Gas Chr omat ogr aph

ﬁe\@ PA IS, e/ g%eng&e %%rmvz;eﬁpm; Cakkb8E: 100 ma)

gas ium (flow rat mper at ur e
condi ¢ Pt icTHE k% nper at ure of det ector and

vapori zatapn (harher ste@tiaki0acatdd R sC el ged for

t enper at ure was consta t 7OC WO 2004/ 078

PCTS IR0 | I Wededrorionres (h8 pressus: the
70 kiPegrrcalr rﬁﬂatnda]rQD HA)10 dl Adettihe AeiadtAoni moémm:aJon and
standard nethod was enpl.oyed far anakﬁals wher e

f P2 dloindMadesdddd s 33 Y Silt SOHAIELOPa WS (‘}ntj(?Cted
10 AnPfart zré?f"c&do@?: SHHAAN AN P i ik 1@ st.he

resultlng aIyS|s solution was injected and analyzed
und&S (Her QAR YGondi ti ons. Gas chronat ogr aphy:

GC- 14B manuf act@@em@maﬁmfwzwé@rwrﬁtimmeration
packed col unn Therm) Or&rglleh h: 3 (ﬂa iﬁ;er . 3 .

di &TEERE 0. r?% g ¢ £y e St b3 Jy inner
m / m n) Tmmmé&m&@mﬂM$mm)Whetmmmauneof

detegt fof Hadth>h lzt%'g%% ?'%%’%e%&& foz%?’%/ﬂl d,the

colurmn r 6 mnutes from
th@%ﬁ%ﬁawr%@q@t@o%en el evated to 150C at a

t enper at Ugger ki Grééﬁﬁeoéf &Qgéalaraﬁﬁdk@&ﬁo?&zé@@@h chamber
for 10 n1nutes tector: ressure:

air presstps: 18906 rRPAGha. C%PW %P%’E%t%el‘ﬁ?%%ﬁ%ﬁ’t at
standard setrhodovwas giphoyedrion thpatysis, ofhgnglisys, then

of pentyleﬁggg%gg %@Slggggdagsat@gmperature rising rate of
10°C/min and kept at 150°C for 10 minutes.
Detector: FID (H, pressure: 40 kPaG, air pressure:
100 kPaG)

4. Allyl Acetate

An internal standard method was employed for
analysis, where 1 g of pentyl acetate was added as the
internal standard to 25 g of the reaction solution and

0.3 ul of the resulting analysis solution was injected

and analyzed under the following conditions.

Gas chromatography:
GC-9A manufactured by Shimadzu Corporation
Column: capillary column TC-WAX (length: 30 m, inner

diameter: 0.25 mm, film thickness: 0.5 um)

Carrier gas: nitrogen (flow rate: 30 ml/min)



10 internal standard to 25 g of the reaction solution
and 0.3 | of the resulting analysis solution was

wonpamreds and anal yzed under the foll owi ng cordTiPINE002216

10

Gas chromat ography: GC-9A nanufgctured by Shi madzu
Corporation Colum: capillary ol Tnm  TC- WAX (1 ength:

30 m inner dianeter: 0.25 mm filmthickness: 0.5 n

Carfdnfe 1385 r NiddRgen dofd.ow rate: 30 ml/mn) WO

2004/ 078698 PCT/ JP2004/ 002216 22 Tenperature, _

condi t i on8heTheMPeRPEREE LPE SFTREREL dRd apgporization chamber

vapori zaty,88 ghanrbetndwese 200 umndt &S €QLLA® was kept at
tenperature vvagpke t at  45C for m nutes fromthe

start of Anaby&PE, 2t RERUERT eTEQRATRY S8BES ot g2nalysis, then
t enper at uetetvhsedgtoal B0 O a¥dG ntamp&eptunt ABOTh§arate of

15 m nutes, ain . elevate 0. 200C 1e ra e
rising ra eczﬁln25%?ﬁ$naéng3i€%tp% g%d%}%%?g§0 §¥£1n
m nut es. Bkeested: tfl DOQH2 @re3stempesBtkPaG iaing rate of

prSSUfeizsng KRaQhqoke At I ¥t A §OA0L AN hNEehRBLs
standard net og was enp?oyed for analysis, where 200
| Dstantafiine aBEP at WASSEYHEd &9 *PRE /i Riér RaESSure:

standard to 10 nbookpddp reaction solution 5 and 0.1

| of the resulti anal ysis solution was injected and
anal%/zﬁjl}’ﬁdenflcﬂr}gﬂf ol lowi ng conditions. Gas

chr omat ogtrapimt e r@a 11 48 amsiaurfda otedrhed! ya sSkempdadzed for

Cor porati on | um:_ packed col um Ther non 3000

(0 eRginy S n g 20 aoté: P9 g Ny e e Agagtided as

ni t ragen {fd.om 1 af@indad Hd Mokl TEMRAWRtion solution
conditions: The tenperature of detector and

vapamid dtilomlclehiidre ngselidoo ama lyisd scsladmtion was

t enperat ure S t for I [yt f :

St ar Tt B8 SRt Rea SRacon?, PR PBiditions.

t erffper athramatiogdurphyate of 7C/ min and kept at 130C

for 13 minutes. et et REnufAL (L LSS Rad P8 kiaBration

alir_pressure: :
Column: packed column Thermon 3000 (length: 3 m, inner

diameter: 0.3 mm)
Carrier gas: nitrogen (flow rate: 2.0 ml/min)
Temperature conditions:
The temperature of detector and vaporization chamber
was 180°C and the column temperature was kept at
45°C for 5 minutes from the start of analysis, then
elevated to 130°C at a temperature rising rate of
7°C/min and kept at 130°C for 13 minutes.
Detector: FID (H, pressure: 98 kPaG, air pressure:
98 kPaG)
6. Vinyl Acetate
An internal standard method was employed for
analysis, where 1 g of n-propyl acetate was added as the

internal standard to 6 g of the reaction solution and 0.3
ul of the resulting analysis solution was injected and

analyzed under the following conditions.
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of the reaction solution and O.g | of the resulting

anal ysis solution was injected Ad™ anal yzed under the
follow ng conditions. WO 2004/ 078698 PCT/ JP2004/ 002216

- 785 G@s- St hy: GC 9A manufactured by

Shi masdzu Cor por at%}ﬁpml um: capillary, colum_ TC WAX |
(length: 30 m FRnehk mapafetevred by Phjmadem Corporation

thickngss; 0.5 AhpCaL&LEr cBsnn NPELWALN((Eh¥hfat® m30inner
m/mn) Tenperature conditions: The tenperature of

det ect or and vapépneherond chaner fiks POOCKR@RSt he. > um)
colny‘[?_ t ture pt f.or. ' s from

the s éfﬁpgfiihaJ$§¥§$“Fﬁbéfﬂéﬁééggﬁa E%;fgkﬂﬂgﬁ a

t erffrnpauAatIre gdondybiansof  4C/ nin, kept at 130C for

15 mi nut egneagahBerakyat 68 H0+8006raknd {8BBLIALYESN chamber
rising rate of 5C/ mn agdﬁligzgt at 200C for 10

mnutes. B8FeéP8rC BPB £ WD ESMBATREYES WRF kept at
pressur e: 452Q0 fkPa®) mExampkeftokr epar athon of Eatdyyss, then

A: Sodi um_chl oropal | a e.Crysta 56. 4. mml ). 8.50

ol of CBRAVEERH 6P daParngtr B boRRAr T5URS kap af rate of
zinc 5 chForimde,wieetdassdB0ed Farplbemiatieesandgehbe
resul ting.salutkanyasgeasyred £8m§é¥%%réh§i£@£§ffate of
absorption_anount “of “the support. e aqueous neta

sal t sol uBbGR/Bbnairnddkgbbvetwa80  tnfpsr Afyminutes.

| Myeanated. i nterp $i1l 6@ SHRRON o of RAalB0 LG RIredieed
by Sud-chem A&% whi ch was previously dried at 110C
for 4 hours. Sub8BqlBAF)y, sodium netasilicate
nonahydr at:eamge i ssolved in pure water and the
amount of_the sol ution %\%sala},détu%:ed to 2 tinmes the

wat er abé%?%ﬁ?%ﬁF%ﬁﬁnﬁﬁ

Sodium chloropalladate crystal (56.4 mmol), 8.50
mmol of cupric chloride dihydrate and 18.4 mmol of zinc
chloride were dissolved in pure water and the resulting
solution was measured to 97% of the water absorption
amount of the support.

The aqueous metal salt solution obtained above was
uniformly impregnated into a silica support (RKA-160
produced by Sud-chemi AG) which was previously dried at
110°C for 4 hours.

Subsequently, sodium metasilicate nonahydrate was
dissolved in pure water and the amount of the solution
was adjusted to 2 times the water absorption amount of
the support. The resulting solution was added to the
impregnated support and left standing at room temperature
for 20 hours to obtain a catalyst.

To this solution, 720 mmol of hydrazine monohydrate
was further added and after stirring at room temperature
for 4 hours, the catalyst was washed with pure water and
dried by a hot air dryer at 110°C for 4 hours.

Thereafter, 509 mmol of potassium acetate was
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the inpregnated support and left standing at room

woenparedsire for 20 hours to obtain a catal ysPCT/IP2004/002216
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this solution, 720 mmol of hydr Zine nonohydrate was
further added and after stirrrng al room tenperature
20 for 4 hours, the catal yst was washed with pure

“ﬂtQ§1§§5hvéHifﬁiﬁﬁkéiﬁgﬁe 'dhé“ﬂﬁg fgsdﬁ¥¥54(§bfﬁtlon was

hours. Thereafter, pot assi um acet at e was

WO Jo0u Wwrrsb o0 F@wqoz%mmz:m watex) akfioiqyiigay aneunt of

pur eyt t angs ¢ he Treﬁsﬂgdlngaﬁﬁ{ u&a&mmrwal&a@%d @n the
about 97% of th v&}er absor _ 1glram)unt of
0

cat &13/ALY Sthi ¥ 1} oI Wess i yfcflba‘}d&PUo’%? {ife Obtain
cat alatstlyasid A hisr dréatkiain . 110C for 4 hours to obtain
5 Cat al ysl{ez%go nt eaction. Reaction: The obtained

cat al yst Was packed in a stainless steel
react i on Thmeottzad mryl arptiaingat diZdhetler vofs pREkedminard

by SRR il Wk %ﬂ@é(fdr%tf&miﬁiﬂﬁ %v?i% n0inHy 031 ameter of

opyl ene, 7.0_nol % of oxygen, 5.5 nol % of acetic
aC| 1% T Al ol SRR i a43ms<%|%%fccmttarléﬁéw 30 mols

t ][181031‘!5 eReSPreMas Par frwlr@]?daofatg@g%ﬁ,c?hoaﬂ ﬂcﬁl@ef@tau:re&lc
(0] r ESS e 0 re ar e
Showt gy T S Sirr b o RO GT k3o

i n theadts oreagds cpe:sﬁdmﬁecbrat/\&s meeasiread ttempdﬁ:langnr@ of 135°C
gas _ chronmat ogr Yy I Th conver sj on Qf eticC .

aci d nc?Nas caSgs ‘%1 ofggc% |ng tgr eorrnreu are %twn in

out fladwke raat i TH{@FdYnaRst e icul axfedaaaﬂcomnmglem in the

formdfdi2n fdome idie Wl dflaLfrRPtAsidimg i ¢
condensat e obtai ned by 20 cooling the gas at t

out |Cé}r<a¢a*%cr%f%@‘asetanﬁwlxaﬁde arfd® ARV GRe GrE cetic acid
pot asd waldulm@aé@ﬂm&m@eft@ eﬁdi&tﬁ;la Ana)l yw§is tife outflow

o e f (S 8L el ot Bl e Te e

nor ttdre a«m:hgm:emﬂrpcetuhs&tlmﬁm fudre Tdmilarsdte gitepace by

a pquég%r T 0 r 0
pure er vva aé)d';\# %’ (?Rﬁge?ﬁ %jﬁf %ﬁe&;%a%&r ocC Rcl)lﬂec and
aC| cthﬁaswewhmeqf defrfeat s Iy riga fither catiselyst before use.

Analysis of Potassium:

1. Analysis of Catalyst Before Use

The catalyst before use was finely ground in an
agate mortar and then dried at 110°C for 2 hours to
prepare a powder sample. To 1 g of the powder sample,
100 ml of pure water was added and 10 ml of 35%
hydrochloric acid was further added. Thereafter, the
sample was boiled in a sand bath for 2 hours and then
allowed to cool and thereto, pure water was added to a
quantity of 500 ml. After filtering, the filtrate was
subjected to ICP spectroscopic analysis under the
following conditions by using SPS1700HUR manufactured by
Seiko Instruments Inc. and the amount of potassium was
calculated.
Measuring method: absolute calibration curve

method
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filtrate was subjected to ICP sgectroscopi ¢ analysis .
under the follow ng conditions?dy-using SPS1700HUR
manuf actured by Seiko Instrunments Inc. and the anount

of t assi alculat d.. _Measuring met hod:
absdrit Ome%@lb\%ﬁ‘lel Curve et BBd VIO 2004/ 078698

PCT/HIR2G(A/eBORZZUR cutzBit :PhotloPetkwi ¢ hei ght: 15 nm
Hi grbaﬁrasrm%iyow AUt 1.3 ky, 2C2‘armﬂ er pressure: 0.22

rate: 16 L/mn Photonultlpller
vol tBdgemaH £1ykiqategsy flow ratbel/B48 L/nmin 2. Analysis

of Ro{Asuira et et %1&‘49@ Iﬁeactor Qutlet The
condensat.e obt |ned recov %gthe reaction 10 gas

at 1gry %nd at M pressure was

subj ect e tomaGBzaueojﬂ mmmmeyw@emmaxhamr
condi tions ‘%c'utle 'l. Analysis of Catalyst Before Use"

above and the annunt of potassiumwas cal cul ated. The

resul ts d&fte stowternsatRalidadned dbybxaasiverinphéhe reaction

rea %é”h%Mﬁbﬁﬁﬁf(¥%g§Ef dRE SRR R erd% igtessure was

exce reaction conditions were

charﬁg@w%t%chotm §GP mﬁcérp%m@c\/@wygd@t iYQdey ¢he same
CONVERYTRd 10k s 78901 Thel r esid ity i & shownliystTadfrd Use"

20 anpl e 3. The reaction erformadlnthes

nanEéFgg% 3 égﬁuﬁﬂ?ygﬁ\ﬂﬁﬁhgﬁ) sﬁﬁtﬂ%é%ed

acet at e iTheanr <swlird annnmaﬁpommwmphkﬁtm@ out f| ow

ratio (96£2%m§ the reaction tube inlet during

reaction results are 25 shown in Table 2.

Exanpl e 4rnagxgﬁqm4qn1wﬁs(gﬁqﬂqﬁﬁedaln the same manner as in

Example 1, except that the reaction conditions were
changed as shown in Table 1 to give an acetic acid
conversion of 78%. The results are shown in Table 2.

Example 3

The reaction was performed in the same manner as in
Example 1 while feeding potassium acetate in an amount
corresponding to the outflow ratio (%/h), from the
reaction tube inlet during reaction. The results are
shown in Table 2.

Example 4

Preparation of Catalyst B:

An aqueous solution containing 47.0 mmol of sodium
chloropalladate and 10.2 mol of chloroauric acid tetra-
hydrate was dissolved in pure water and the resulting
solution was measured to 90% of the water absorption
amount of the support.

The aqueous metal salt solution obtained above was
uniformly impregnated into a silica support (KA-160)
which was previously dried at 110°C for 4 hours.

Subsequently, 135 mmol of sodium metasilicate

nonahydrate was dissolved in pure water and the amount of
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chl oropal | adate and 10.2 nol of chloroauric acid
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resulting solution was neasured to 90% of the water
absorption anount of the suppo@@.'The aqueous net al
salt solution obtained above was wuniformy

el S0 Pl A SBPRY 2 (AR ettt hnsorption
Subsemuert lof, thB5 swaslorsf. sdlieumenatldsing satlaition was added

non 59 | P W r anddihe arowo

of "R SO, ARk e ooélzl\égff}C AT "

sol (REMRERARILR]j iRk & thewrs it SRR twadt &2 t83Y& pt i on

aggugt ofrd hehisipAndtio eHﬁsuinfdlngﬁfsliﬂy}diﬂ&ﬁn\&aalonohydrate
aade to the | eg ate S ort .an eft standin at

r oorfa% X ARG G AR £ B G FEOH) yepey ature
To tfvrs Sdaiidson, tEB&atally saf waysdmaezahesl mordhydirat evater and
was further adde d. af t er i rrq 0

t errpd;l}la Cpufbey aaf g]rod%aé\rwkgrur sr&etﬁwzattc&tlé)lrlj %s?ct O\/\I/ggl \I/B/é)s ed wi th

pure wat éthexreh it ed Dy ®@haotass igny @ceqtatpl 0B s ghispolved

hourss, SJhes eaftdsr amB 1hOfrRASHIBAGRLRHE MBS measured to
dissolved 10 in pure water and tHe resulting solution

was FRUEUrERE 1F o 0te tRIv6AHS AURE ARD Smomto Yt ithe catalyst.
amourii HDfsd Ne: it alaes tun i fBYNEL yS Aldddedn o henidaaliyst and

our S SHH] iAo Y (ol O Peac GRS TR e ® for
r eacteaanc va@s. performed in the same manner as in

changed a0 Showts i e B ST R () and e manner
per fast et Bxpnihe sahmexaaiferthes itheexapsitdon conditions were

Compatatdae fxamhéh Lin ZQphhe 1reaghi vwae Rerd10/d9md vas
at a reaction tenperature of 165C usin ags#eartl ng

nat %I OMHRA gt a1 oﬁﬂm%ﬁ‘@n%@éﬂtlﬁhtﬁgﬁﬁ“ 25 nol %
an aceti cagdrconeermtatglan of 2.5 nol % a water

concentraj,i on of 25 mol % and ni tyoge c tratj
of 39 5 ?r%lr%breﬁ]cetlroensmats NG Al ed QU %g%&&ﬁgrgatén%%rature

S _are S ovvn' I n .
Af t erf tTeb Tearsing, a the ki yett e drieminsuta pranrylene

as aJdasuUldyr s PO RaSSE WY aestat  as SHound diQ R&ncentration of
2.5 mol%, a water concentration of 25 mol% and a nitrogen
concentration of 39.5 mol%. The results are shown in
Table 2. After the reaction, the catalyst was drawn out,
and as a result, potassium acetate was found to be
present in the vicinity of the reaction tube outlet. The

reduction ratio of STY was large.
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in the vicinity of the reaction tube outlet.

The reduction ratio of STY was |arge. WO 2004/ 078698
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Industrial Applicability

According to the present invention,

in producing a

lower aliphatic carboxylic acid alkenyl from a lower

aliphatic carboxylic acid, a lower olefin and oxygen, the

compound containing alkali metal and/or alkaline earth

metal as a catalyst component is controlled in the

outflowing during reaction,

so that production can

proceed stably for a long time without impairing the

catalytic activity.
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proceed stably for a long time without inpairing the
catal ytic activity. WO 2004/ 078698 PCT/ JP2004/ 002216
- 29 CLAIMS 1. A process for producing a | owner

al i phatic carboxylic acid ajéfﬂaﬂ conpri si ng
reacting a lower olefin, a |'OWer aliphatic carboxylic
aci d and lexygénpirocess das phedecindt RelprWeseAdapPBRLAC

cat al Y9 GIRN L3 R0 53 keBYRPOLbnBRYERE S HRRBLERY a lower
thereon a“catal yst conponent containiing (a), a ,
comed@id neont dPHedy adiPaRt ifeCaFLaRdLeF aFRY PRE BZYPRN 1N 2
et }las Phhsanigl emenprieelane B bocetaupstlioabribeéng a
Periodi C Tagle,or a conp%ugq ontaining %t 10 I%a%t ent

one SOPPOREs & a8 Efe fEPPOLTE (5§eﬁﬁppa8i M- A ETe CRPPRE
convensiadniok t(ag lowempauinohabntadaibgxplkeldacimgtal and/or
represent. fornul.a-(1), ,8Q% : :S1,0

(5 SRR o o] il 41 PORIERS BEIpASRCto croup
aci d latofr shet Feriloidélc Sinpdet ofmel Fosboudfe £ON&RLPRALI &t
Farq t OnRCid %%e@%@%ﬁ%&@n%%ﬁ'%EP/Q@QU?%lQE@HLmewherein

ower aliphatic carboxylic acid_at reactor inlet} X

100 ) CRAVATSAOPeSS fdie prowdicPhdPhatdfe FagIaogNat Cc 2cid/
car hptdsent@ad B keymtu1aCqnmr,i Biorg oi-eaelsisng a | ower

15 oleflnC a | ower aIL?hgtic carboxylic acid and
oxygen i "“VgaeiPRae)in the presence of a catal yst
conprising a {gappant havipgosuppwetedlipeatdn @arboxylic

cat al yst conpgpent _.cC Lpi.n _ 0
cont ai ni ng alggﬁﬁ ﬁ%tgﬁggﬁgko?ng?ta?Tﬁgﬂga??ﬂl ?gl}ower
(b) an el enenelpehskgingarborydup apbdiatorepREcT

Periodi ¢ Tabl guefie®)papBadRd (feNt abni newat alepebtose
of these elenents, and (c) palladium wherein the

concentrat i oncatbphglioweridl pphaepetesr bBx§ED)cxat? @ (1)

at the react of, ol lsd $dk DG Thewel JlNPhatic

producti on process as clal I'n claim1 or ,

wherasd rhaxyd isutafd isly aldtany pe rcdmpad sen o e actid o fp GG
olefin, a lower aliphatic carboxylic acid and oxygen in a
gas phase in the presence of a catalyst comprising a
support having supported thereon a catalyst component
containing (a) a compound containing alkali metal and/or
alkaline earth metal, (b) an element belonging to Group
11 of the Periodic Table or a compound containing at
least one of these elements, and (c¢) palladium, wherein
the concentration of the lower aliphatic carboxylic acid
at the reactor outlet is 0.5 mol% or more.

3. The production process as claimed in claim 1 or

2, wherein the outflow ratio per hour of (a) the compound

containing alkali metal and/or alkaline earth metal,

represented by formula (2), is from 1.0x10™ to 0.01%/h:
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Qutflowratio (%9/h = {mass (kg/h) of alkali netal or

al kaline earth netal detected/Afss (kg) of alkali

nmetal or alkaline earth netal in the entire catal yst
packed} x ) h rrqducti on process as cl ai nmed

in any ongag?lg% rétlg ?%g/g wherein (a) the conpound

cont ai ni ng al k{maqss rféqga(lh Jand] el kallkiamenalegrt A lkatlane earth

i's a conpound n@%%tla'd@t%t%td /h%%%t ‘R@? 6%”’@§'ka§§| gek8d or

fromthe group consi sting Li'thium sodi.um
pot assi um ce$i ﬂﬁ‘ﬁ lnr?a&ﬁééﬁhuﬁﬂetéél éPuﬁ‘P&n&nﬁéFieuﬁ’lathYSt
The production prREASS a9ocl ai med in any one of (2)

clains 1 to 4, wherein (a) the conpound containing
al kali  nktal B/ produdkialdmepmarads et adldigned sial tangyf one of

a | oweri 0 aliphatie, Pr? a{ CAf mrﬁ%un-léf'ﬁ1 ntalnlrhg alkali

producti on process as in clal erein
sal thefak InAkr aatllp%m% ee:aarrn:kbmﬁael dei B iemRAuUdast

one FBMHeln Sy ot epbéé@radé tidnsBr SAdidiBed PAERS SItEMgroup
cesi um nesn%{n CI um and bariumsalts of 15

f or "t &kR i Bh PHARE LW ST W d
or m@fmeciyh) ol dum 7andﬂteamnmd.uct| on process as

cl ai med in any 6, r el
el ement b% ong?}ﬁggeﬁflo(g%ur%%%ﬂmplgoéesﬁe ﬁvi\’/(el’ﬁ odic @arb i one ot
or thkaumpbuiel tormereiny @) 204 axmponed (ﬁortﬂr@gelng alkali

el enpot $1 | sn@oL! £ 108 COPPEM&N a1 90 & Wa® of a lower
compound contai ning one or nore of copper and go

8. THEIRRVARITHPPFOEES2@I cl ai med in any one of

claims 140 7 Tw@egsmducatiwrdd@‘s s aclOMRfd in claim 5,
allp atlc, en are reaclt

N TR e ST Rt & LA LA SR acta s
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7. The production process as claimed in any one of
claims 1 to 6, wherein (b) the element belonging to Group
11 of the Periodic Table or the compound containing at
least one of these elements is an element of copper or
gold or a compound containing one or more of copper and
gold.

8. The production process as claimed in any one of
claims 1 to 7, wherein a lower olefin, a lower aliphatic
carboxylic acid and oxygen are reacted in the presence of
water.

9. A lower aliphatic carboxylic acid alkenyl
produced by the production process as set forth in any
one of claims 1 to 8.

10. The production process as claimed in any one of
claims 1 to 8, wherein the lower aliphatic carboxylic

acid is acetic acid, the lower olefin is ethylene and the
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an acid catalyst to obtain an alkenyl alcohol.

15. The production process as claimed in claim 14,
wherein the acid catalyst is an ion exchange resin.

16. The production process as claimed in claim 14
or 15, wherein the lower aliphatic carboxylic acid
alkenyl is allyl acetate and the obtained alkenyl alcohol
is allyl alcohol.

17. BAn alkenyl alcohol produced by the production
process as set forth in any one of claims 14 to 16.

18. Allyl alcohol produced by the production

process as set forth in claim 16.



