PROCESS FOR %UCI NG ACETI C ACI D BACKGROUND OF THE | NVENTI oN 5 R7HVIF 1 cofy
Field ©f the Invention The present invention.relates to a process for

produ0| ng acetic acid from ethyl ene and _oxygen by one %age catal ytic -
reaction. 2.+ Description of the Relatjed Art 10 7!(cfet|c aci d

has her et of gre” been practically produced by a proce__s corrpAm i0:oxi di zi ng
acet al dehyde, a process conprising reacting nmethanalyfwi RECiﬁggo -ronoxi de.

and a process conprising oxLdiziog.bower naraff A'&gi'

The process conpri si ng oxi UrZrng dcetdruenyde Q
oxi dation, nanely, oxidation of ethylene to for m aCet alt o N c} 2
thereof to formacetic acid. Since the Pd ion cont r@)autl ng t Q6
ethylene in this process cannot oxidize acetal dehyde t Bip-mgT

catal ysts used in BREKGROUIPaGEs THEf FRYENFEMN each ot her. -8 ¥aCt synthesis

of acetic smcid by tjhi s pFQQRS Dfi &hbhgﬁeéﬁf_foﬂl fficult. The process i
conpri sing carbonyl ati on_of nethanol, has vant age that the cost of

Rhodi um the catal yst ustif BFSSFRE bPXEEE%%E FEPRNED VP BFOGRSH. Eo®n the
ot her hand, tlpa-qmmﬁ.e@samemu achd fxomi et dmevemd kv byn onwiishegeres
acetic acid by é;ctl%g%&alé@i%}ger the reaction condifions are

. an

conparatively s fesult nmany by-products are forned.
Accordi ngly, the prz)ces@mlm’co-lﬁnemé ghei Rﬁl@VEﬂgArhe reaction 30

selectivif and the yielghor RULAY BREChelBEoPELECEEES mﬁﬁﬁ?ﬁfﬁbove are

all carried out %EF gui d phase honobgeneous reactions, and therefore
require conpl iRF qupé?yatai HFOCLSS EEBNELS1ng HXdizing aneted dadat & and

perform ot her grcwesiir®inprising reacting methanol with carbon monoxide
and a process comprising oxidizing lower paraffin and the
like.
15 _ : The process comprising oxidizing -acetaldehyde 1s
a process of two-stage oxidation, namely, oxidation of

ethylene to form acetaldehyde and oxidation thereof to form
acetic acid. Since the Pd ion contributing to oxidation of
ethylene in this process cannot oxidize acetaldehyde thus
20 produced, the ca_talysts_ used in the two stages differ from
each other. Direct synthesis of acetic acid by this
process is therefore difficult. The process comprising
carbonylation of methanol has a disadvantage that the cost
' of Rhodium, the catalyst used in this process, is extremely
25 nigh. On the other hand, the process comprising oxidizing
' lower hydrocarbon synthesizes acetic acid by one stage.
: However, the reaction conditions are comparatively strict,
’ . and as a result many by-products' are formed. Accordingly,
' . the process has problems of improving_ the reaction
30 selectivity and the yield. Furthermore, the processes !
mentioned above are all carried out by liquid phase
homogeneous reactions, and therefore ;require complicated
operations to recover catalysts, separate products, and
perform other procedures. |
35 Many catalysts have been proposed for processes
of producing acetic acid from ethylene by one- stage
oxidation. For example, there is a disclosure of a process
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35 . ~Many catal ysts have been proposed for processes of producing
acetig£ acid fromethyl ene by one-stage oxidation. For exanple, there is a
di scl osure of a process wherein Pd netal - phosphoric acid or a

~sul fur-containing catal yst nodifying agent is used (Japanese Unexam ned

Pat ent Publication (Kokai) Nos. 47-1322) and 51- 29425). Moreover, there is
a disclosure of a process in which the 5 use of a catalyst, a Pd salt of a
certain type of heteropoly-acid, is effective (Japanese Unexam ned Pat ent

Publ i cati on (Kﬁ@fénl\'cbd%‘ét%i‘% bsp hbribSappa!of U Al

I nportant in carrylng out_reac using these cata ysts to en%ar%ée t he

activitly ther@Rfaly lﬂﬂgkﬁﬂénﬂbag&é?e%ﬁo?ﬁfﬁohJ%@a%@ﬁ#tqﬂﬁ%ﬁﬂ1Q§§rnu:h as
possi bl e, and w@eﬁmtmm tmbkaﬂ) oRes. set ec3221 tandfs popidps)aci d.

However, it is. difficult .to canclude at thos catal sts whi av
her et of ore be 5?%‘5%&%&% Bit & gﬁ Egﬂlﬁ?y gr%p%’?? ckffs‘g'ﬂ t?%het he
producti onSof asetof actatadyst,l1® Pdndaltrofil ascar*ealfmmeroft here is

proposed a gashé’t?ﬁfé%&é? SHC 13X IF2hl0qar ?S’Sééﬂége.%%ﬁl é‘&aﬁa}’éént

consi sting of onponent _oxygen comp usi ng
het er opol y- aC|HubleEﬁ%pqJ@%ﬁﬁ@éeﬁtka§#n§a45§ientIQOISFQﬁ#¢¥QH1Q#ﬂ¥kbkoku)

No. 46-6763). 135@s€@&éil¥“&ﬁbd¥ﬁdﬁd inU&ﬁQr?iné §ﬁﬂrﬁ8aééioﬂéowéfh g

el enent s necessaré for fornlnqgghe t hr ee- %gnggnent ox€ﬁ Enpoun and,

thus, is convetFReget FRIZIGES Sof EAVREY dHREFSPY heFeducar B on

process off 0 hedepepiysdtidh of age tHddARYaSFmibh &AVEDESIDLAN bl easeof

the present |nveggi Qtése§ﬁiﬁ{é§ﬂdﬁ%d%d selectivity of acetic acid.
However, it is difficult to conclude that those catalysts
which have heretofo;e been proposed exhibit satisfactory
properties when used in the production of acetic acid on a

15 industrial scale.

Further, there is proposed a gas phase one stage

oxidation process in which a catalyst consisting of a
three-component oxygen compound prepared by using a
heteropoly-acid is used (Japanese'Examined Patent

20 Ppublication (Kokokd) No. 46-6763). The heteropoly-acid is
used as a source for providing elements necessary for
forming the three-component oxygen compound and, thus, is
converted thereto as a result of sintering during the
preparation process of the‘catalyst.

25 SUMMARY OF THE INVENTION

An object of the present invention is to provide a

process for industrially advantageously producing acetic
acid by reaction of ethylene and oxygen.

{ For the purpose of achieving the object as described

30 above, the present inventors have carried out intensive l
research on enhancing the performénce of catalysts used
during the.production of acetic acid: from ethylene and
oxygen. As a result, the present inventors have discovered
a catalyst as.described below which exhibits an extremely

35 high space time yield and a low selectivity of carbon

dioxide and has an extended life, and have thus completed
the present invention.



process for industrially advantageously producing acetic acid by reaction
of ethyl ene and oxygen. For the purpose of achieving the object as

descri bed 30 above, the present inventors have carried out intensive
résearch on enhanci ng the performance of catal ysts used during -the
production of acetic acid from ethyl ene3and oxygen. As a result, the
present inventors have discovered a catal yst as described bel ow which
exhibits an extrenely 35 high space tinme yield and a | ow selectivity of

carbon di oxi de and hagosaifglgndete | pidserdnd @t ibhupreoiaest 8dptBeess
present invent

A di
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their salts. present 'invention also provides a
acefic aci @ coﬁ§¢P§|ﬁ@nﬁééﬁ%Pﬁg°%f¢@@%ﬁﬂ?°¥¥ﬂ9q$@§géﬁd+ﬁhﬁhﬁ §$b§§nce of as

catal yst conpri si ngrha) pﬂ‘&%éhhl EnPéntiéﬁ @lsd Prdvides EEpRetessl eoked from
the 10 group consisting of heterppo -aC|d§ and the and
| east one neanF°§BFé69eﬁ°FF6ﬁ1?ﬁ% B& ﬁgkgiﬁpﬁ'eéEhents of
G oups II(IB),oiygéﬁ)1nlﬁhéBbrasdndé(dﬁﬂa(ﬂaﬁdhystomgmﬁmisnﬁgrKadlc Tabl e.
Cmventi on,. ¢ he™REERRS60Y: adllis arteFTie 7% APSF o Re i SahFERE bhs, o 4
conbi nat i drD of gmpoconﬁnstnngreﬁfhetmmm ;‘melcmemayaécﬁt aind one
het er o- (c) at least one member selected from the group consisting
of metallic elements of Groups 11(1B), 14(4B), 15(SB) and
16 (6B) of the Long-Form Periodic Table.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 In the preseht invention, the heteropoly-acids and
their salts may be used alone or as a combination of two or
more thereof. The heteropoly-acids may contain one hetero-
atom and one or more poly-atoms. The hetero-atom may
preferably be selected from the group consisting of
20 phosphorus, silicon, boron, aluminum, germanium, titanium,
zirconium, cerium, cobalt, chromium and sulfur, and the
poly-atoms may preferably be selected from the group
consisting of molybdenum, tungsten, vanadium, niobium and
tantalum.

25 Examples of the heteropoly-acids may include
| silicotungstic acid, phosphotungstic acid, phosphomolybdic
acid, silicomolybdic acid, tungstomolybdophosphoric acid,
tungstomolybdosilisic acid, tungstovanadophosphoric acid
¢ tungstovanédosilisic acid, molybdovanadophosphoric acid,
-30 molybdovanadosilisic acid, borotungstic acid, boromolybdic
acid, tungstdmolybddboric acid, ﬁolybdoaluminic acid,
tungstoaluminic acid, molybdotungstoélﬁminic acid,
molybdogermanic acid, tungstogermanic acid,
molybdotungstogermanic acid, molybdotitanic écid,
35 tugnstotitanic acid, molybdotungstotitanic acid,
cericmolybdic acid, éerictungstic acid,
cericmolybdotungstic acid, molybdocobalt acid,



atom and one or nore poly-atons. The hetero-atom nmay preferably be sel ected
fromthe group consisting of 20 phosphorus, silicon, boron, alum num
germanium titanium zirconium cerium cobalt, chrom um and sul fur, and
tshe poly-atonms nay preferably be sel ected fron1the group consi sting of

nmol ybdenum tungsten, vanadi um ni obi umgand tantal um 25 Exanpl es of
t he heteropoly-acids may include silicotungstic acid, phosphotungstic acid,
phosphonol ybdi ¢ acid, siliconolybdic acid, tungstonolybdophosphoric aci d,
tungstonniybd03|I|S|c acid, ‘tun stovanadophosphorlc aci d
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condensing two or more inorganic oxygen acid are partially
or entirely substituted by one or more metal or onium
cations. The metals by which the hydrogen atoms of the
heteropoly-acids are substituted are selected from the
15 group consisting of the metals of the Groups 1{1a), 2(23),
3 11(1B) and 13(3B) of the Long-Form Periodic Table such as
alkali metals, alkaline earth metals, copper, silver, gold,
aluminum, gallium, indium and thallium. Aas examples of the
onium salts, there méy'be mentioned ammonium salts derived
20 from ammonia or an amine. 2mong the heteropoly-acid salts,
~lithium, sodium, potassium, cesium, magnesium, barium,
copper, gold and galliume salts are especially preferred,
with the most preferred examples being lithium, sodium and
copper salts of phosphotungstic acid and lithium, sodium
25 and copper salts of silicotungstic acid.
In the catalyst used in the first aspect of the
present invention, the proportion of the components (a): (b)
may preferably be 1 g atom : 0.025 to 500 g molecules,
i . especially 1 g atom : 0.1 to 400 g molecules. Where the
30 amount of the component {b) is less than 0.025 g molecule
per g atom or Pd, the combustion reaction of ethylene may
be markedly increased. On the other hand, where the amount
of the component (b) is more than 500 g molecules, the
acetic acid-formation activity may be reduced.
35 The catalyst is useful as a substance comprising oﬁly
the components (a) and (b), but is advantageously used in
the state of being supported on a carrier.



The salts of heteropoly-acids nmay be netal or onium 10 salts in which the
hydr ogen atons or an acid formed by condensing two or nore inorgani c oxygen
acid are partially or entirely substituted by one or nore netal or onium '
cations. The netal-s. by which the hydrogen atons of the heteropoly-acids are
substituted are selected fromthe 15 ggoup consisting of the netals of the
G oups 1(1A), 2(2A), 11(1B) and 13(3B) of the 'Long Form Periodic Tabl e such
as alkali netals, alkaline earth netals, copper, silver, gold, alum num

gal l ium indium an thaél um _As exar%lfes .of the oniumsalts, there may_be
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t he conponents - ut 1s advantageously use c
bei ng support eBodhagivmr epREaining oxygen compound (Japanese Examined

Patent Publication (Kokoku) No. 46-6763).
Pd metal may be supported by a conventional method.
For example, a catalyst carrier is immersed in a solution
15 of a soluble salt such as palladium chloride, sodium
- tetrachloropalladate (II), palladium nitrate, palladium
sulfate and palladium acetate and dried, and the palladium
compound is reduced to metal with a suitable reducing agent
such as hydrogen and hydrazine. A palladium salt may also
20 Dbe reacted with an alkali to form a corresponding palladium
. oxide or palladium hydroxide, which is then reduced to Pd
metal. The alkali salt is removed by washing with water
after reduction. Usually the amount of Pd to be supported
'is preferably 0.01 to 6% by weight, more preferably 0.1 to
25 2% by weight based on the weight of the carrier. The use
of Pd in an amount of more than 6% by weight is
economically inadvantageous. There is no specific
limitation on the method for supporting Pd and the
. heteropoly-acid or its salt on the carrier. However,
30 wusually it is advantageous to support Pd at first. Pd |
metal and the heteropoly-acid may be precipitated or
deposited on the carrier by any freei'y determined method.
Any of porous substances or substances capable of
being made porous by granulation which are generally used
as carriers may be used as a carrier substance in the
Present invention. Example of the carrier substance are

35



In the catalyst, Pd exists onthe carrier not as a Pd salt of a

het eropol y-acid but as Pd netal, and the heteropoly-acid or its salt is
considered to exist in the vicinity thereof. As a result, the nutual action
of ' Pd 5 netal and-the heteropoly-aci.d. or .its salt nakes the catal yst
extrenely active and sel ective and the %afalysf exhi bits excellent acetic
acid-formation activity and selectivity at a |low tenperature conpared with
a palladiumsalt of a heteropoly-acid (Japanese Unexam ned Patent 10
Publ i cation (Kokai) No. 54-57488) or with a three conponent

) : '
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(Kokoku) 'No. 48cti63tedPdafbbén) amumiiey SHPFiwEDRIamgaaventi onal met hod.
For exanple, a catalyst arr'*__ﬁrdi S Wrsed in a solution 15  of a soluble
salt such as pal | adft¥ Bhl BPFEBYS sTHF AT AT AR FRhicR Rethedy) a

pal | adi um ni t r methogabf adiaporaticn ccardirysddsdia neadiatemobdiflgi dthaad

t he pal | adigum Nng a1 . ] ‘syitable r i agent ;
such as hy roggﬁagﬁg %%régélﬁgle&ﬁ S%%%Iq%%em\gsﬁz}{htﬂr?;y °a|%§8 §8§g§§ ?gﬁct ed
with an al kali SPE_PPFF'—M!E ther hepevepoly weid dinurmhex msgntpénv_adtmqn.

hydr oxi de, whi gbwbekhener e4UAEE breftdBidico e lchlp BAbl chfalggRvat by
washing with water after reduction, Usually the amount o d to

supported is pPeFEFREFFLYTBISKECEIIRT FRPEPKimabely 329°6r 86FGX0. 1 to 25 2%
b%/ wei ght basgsuppotrh;éng/et_gét héf.ei'diponlﬁ-lfa’.é:‘_s‘tl .%eaﬁé%m@he$dih§ @auaerunt

of nore t | m ca i nadvant ageqQus. ere is no '
specific hla(?:’l té'{e?)éﬁjagﬁgp heoﬁegﬁ§$?%?r%‘?f%]ﬂ6ﬁ? D A%, 88eRop6FR i d
or its salt ondeterdarates. thewegetic Hridisimtiatidn iaxctdaddant ageous to

support Pd at LiehgletividyBEaLLAN teropol y-acid may be precipitated
or deposited on the éarr?er by angal%%%é%‘;' det er m ned net hod.
In the catalyst used in the second aspect of the

present invention, the component (c) may preferably
15 selected from copper, silver, tin, lead, antimony, bismuth,
- selenium and tellurium. The metallic element of the
component (c) may be contained as a metal or a compound of
the element.
The proportion of the components (a):(b):(c) may
20 preferably be 1 g atom : 0.025 to 500 g molecules : 0.005
to 10 g atoms, more preferably 1 g atom : 0.1 to 400 g
molecules; 0.01 to 5 g atoms. Where the amount of the
component (b) is less than 0.025 g molecule per-g atom of
Pd, the combustion reaction of ethyléne may be markedly
25 increased. On the other hand, where the amount of the
component (b) is more than 500 g molecules, the acetic
acid-formation activity may be reduced.
Most preferably, the catalyst comprises of three
-components of (a’) metallic Pd, (b’) at least one member
30 selected from the group consisting of lithium, sodium and
copper salts of phosphotungstic acid and lithiumn, sodium
and coppef salts of silicotungstic acid'and (c’) at least
one member selected from the group consisting of bismuth,
selenium and tellurium.
35 The catélyst is useful as a substance 'cofaprising only
the components (a), (b) and (c), but is advantageously used
in the state of being supported on a carrier.



Any of porous substances or substances capabl e of. bei ng made porous by
granul-ation which are generally used 35 as carriers may be used as a
carrier substance in the present invention. Exanple of the carrier
substance are _ 6 silica, diatomaceous earth, nontnorillonite; titania,
activated carbon, alumna and silica alum.na. Any of methods such as an

i npregnati on nethod, a nethod of evapordtion to dryness, a kneadi ng- nol di ng
method 5 and an adherlng nmet hod may be applied to the nethod for
supporting the heteropoly-acid in the present invention. However, it is not

preferabl e to heal, Uncahel bataayaty spasix IO T Holbe RURASE OF chg
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det eri or at es t hesasailkcoactHef compdnent at:t)l \digt wwﬁmleacitbvlekistf ihhehe
catalyst. | (beceaiplEhoses | Malle ARG A9RCGltlsl HERLESSH pocan
silver, tid | Bédanénf-hﬁoh?tegpﬁ tacid élm&urﬁaehtd axether icompofieatndicdl | i c
el ement of the ogpat cheh1 f%aé,mea I nd of
the el ement. Tﬁ%kgrgogortlco% o?gfzhgé%o onent s (E%ﬁ 5)&1v§t§r0%%1
preferably be Pe}estdnitye. 829 EBesert Xﬁﬂeﬁﬁh ibits Gmﬁﬁﬁlﬁ@tlécgtéﬁbns
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Pd, the conbus engng
10 acid in the prior art (Japanese Unexamined Patent

Publication (Kokai) No. 54-57488) and with a three
component palladium-containing oxygen compound (Japanese
Examined Patent Publication (Kokoku) No. 46-6763).
There is no specific limitation on the method for

15 preparing the catalyst, and a known method for supporting a
metal catalyst on a carrier may suitably be utilized. It
may be appropriate to prepare' the catalyst by supporting on
a suitable carrier a suitable palladium compound and at
least one compound of a metal or metals selected from the

20 metals of the component (¢), reducing the compound or

' compounds by a known suitable method, and supporting at

least one compound selected from heteropoly-acids and their
salts.

-
-

For example, the catalyst may be prepared as follows:
25 a pd compound and a compound or compounds of at least one
metal selected from the metals of the component (c) are
dissolved in a suitable solvent a carrier is placed in the
. resultant solution; the above- mentloned components are
allowed to adhere thereto by drying the solution, or
30 precipitated thereon by adding a precipitating medium such
as an alkali in the solution; the adhering or precipitated
components are reduced by a suitable’ reducing agent such as
hydrogen or hydrazine; and at least one compound selected
from heteropoly-acids and their acid salts is supported,
There is no specific limitation on the order of
supportlng Oon a carrier the components (a), (b), and (c).

35



25 increased. On the other hand, where the anpbunt of the conmponent (b) is
nore t-han 500 g nol ecul es, the acetic acid-formation activity may be
reduced. Most preferably, the catalyst conprises of three conponents of
(a') metallic Pd;-(b') at |east one nember 30 _selected fromthe-group
consi sting of I|th|un1 sodi um and copper salts of phosphotungstic acid and
l'ithium, sodium and copper salts of sgiicotungstic acid and (c') at |east
one nenber selected fromthe group consisting-of bismuth, seleniumand
tellurium 35 The catalyst is useful as a substance conprising only
t he conponents (a), (b) and (c), but is advantageously used in the _state of
bei ng support@be@ﬁ subgtanees may7be suprorted|thareqn) simudtaneousiy.a pd

salt of the h%&egmsgqbq ut as Pd netal, and the heteropolyacid, its

salt or the component ( S considered to exjist in the vicini t her eof
As a result, the mHifalc ‘%@Hn&?tof(c 5| SYPPALS é 7% FRAGY %ﬁl]éelad:l ts

salt or the C@mmanuou(tc):h@karet bappattéd sseprdteky eftonertde/ hi gh ‘

activit Iectl hi bits excel l ent acetic

aci d- fo?/ &&ﬁ@@@y?ﬁgﬁg %ggt ?@%’?Ly%lgér ow tenperature conpared with
a pal | adi um sal t ofA andthiast epuily asien ampuegnatﬁenme@no@r ta (et f
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conponent pal I a |um cont ai_ni ng-oxygen conp Japanese Exam ned Pat ent

Publ i cation (RAIRNELEA N2 e oEE: ?Pd frEr §uP9°ﬁ51§%eE1F$|1%etF??ﬁ’Q%1]t¥°(ﬂF’rﬂl t he
method for 15 prepmidsg id e PAvidulazndimikaenonnehhtle f Pd SompRitdng a

10 wused for the preparation of the catalyst. Typical examples
of the Pd compound are halides such as palladium chloride,
organic acid salts such as palladium acetate, palladium
nitrate, palladium oxide, palladium sulfate, sodium
tetrachloropalladate (II) and the like.

- 15 . Usually Pd may be supported on the carrier in an
amount of preferably 0.0l to 6% by weight, more preferably
0.1 to 2% by weight based on the weight of the carrier.

The use of P4 in an amount of more than 6% by weight is
economically inadvantageous.

20 There is no particular limitation on each of compounds
of the metals of the component (c¢) to be used in preparing
the catalyst of the invention. Typical examples of these
compounds are halides such as tellurium chloride, selenium
chioride, antimony chloride, bismuth chloride and copper

25 chloride, oxides such as tellurium oxide, selenium oxide,
antimony oxide, bismuth oxide and copper oxide, nitrates
such as bismith nitrate, copper nit:"ate, silver nitrate and
lead nitrate, acetates such as copper acetate, tin acetate
and lead acetate, telluric acid, _tellurous' acid, selenic 1

30 acid, selenious acid, antimony sulfide, bismuth sulfide and
copper sulfate. Each of the metals may also be used if
desired. .'

Any of substances which are generally used as carriers
and which are porous or can be made porous by granulation

35 may be used as carrier substances in the present invention.
Examples of the carrier substance are silica, diatomaceous



metal catalyst on a carrier may suitably be utilized. It nmay be appropriate
to prepare the catal yst by supporting on a suitable carrier a suitable

pal I adi um conpound and at | east one conpound of a netal or netals sel ected
fromthe 20 netals of the conmponent (c),--redugi-ng-t-he conpound- er -
conmpounds . by a known suitable nethod, &hd supporting at |east one conpound
sel ected from heteropol y-acids and their salts. For exanple, the catalyst.
may be prepared as follows: 25 a Pd conmpound and a conpound or conpounds

of at |east on t I Sa
di ssol ved in aealtﬁ aﬁmélﬁggﬁlg@ca?rg}:gﬁifgé {’%El n tEe resul tant

sol ution! the amshalkign |4§ﬁ@§'~%rrponent S are aI I ovved to adhere thereto by
drying the sol ut i ongp Ofhe préeesd W a;tr@.dptr@géaenlayeﬁdﬂbﬁgfarppﬁép@rmgl ng
medi um such as an al kal.j .i.n the€%£ ggﬁ t he adgerl ‘ﬁrgg

conponent s ar ATRAR ALY & K73 Y IEPRgAAGMYIER BES ?/’g?l&%é mr
hydr azi ne; Sandclag d:@@:sismmeommmauérseh.ECusdpt'acmbalkyomﬂmmdsuando

their acid sal%%té é;é.on teﬁlgexg?:{&e' i’fl E?épf&?%é ofimtati on.on

t he order of por gyon a carrier onen and (c).
These subst ancerefiayak sb@@ot@e%ﬁ@ﬁ?eré@ﬁesmﬁfﬁsﬁbéyé%o 5p 39@&5& vel y.

The conponent g&)ed §e§UpP@ri§d% tida1le aEvRekgashs. Eé' aéteiamnéheu are
supported separate from the heteropol y S ang gel r salts. A pethod
such as an |Wp¥€@ﬁﬁ%?%rpﬁ%?ﬂ‘bﬂe £rome t4hsd W@P&ﬁﬁap okt ?o%&%@&tﬁniﬂnan
adher i ng ngy hoghar afiget 6P| yoapl imrbdsurdheorsiohid /cakcsppotéi ng t he
het er opol y-aci dreferably in the range of 1 to 15 kg/cm3G.

The gases to be fed to the reaction system in the

process of the present invention comprises ethylene, oxygen
and steam, and if necessary nitrogen, carbon dioxide or a
15 . rare gas may be used as a diluent. _
- The following amounts of gases are .féd' to the reaction
' system, based on the total amount of the fed gases:
ethylene: preferably 5 to 80% by volume, more preferably 10
to 50% by volunie; oxygen: preferably 1 to 15% by volume,
20 more preferably 3 to 10% by volume; and steam: preferably 1
to 50% by volume, more preferably 5 to 30% by volume.

In carrying out the process of the présent invention,
it is advantageous to use ethylene of high purity as a
starting material. However, ethylene may be mixed with a

25 small amount of lower saturated hydrocarbon such as
methane, ethane and propane. Moreover, oxygen diluted with
an inert gas such as nitrogen and carbon dioxide, for
example, in the form of air, may be .fed.‘. However, in the
case of recycling the reaction gas, it is generally

30 _ advantageous to use oxygen at high concentration, most !
suitably at least at 99%. - _

Furthermore, the presence of steam is indispensable to
the reaction of the invention, and is ektremely
advantageous to enhance the acetic acid-formation activity

35 and acetic acid-selectivity.

The reaction mixture gas is preferably passed through

the catalyst at a space velocity (SV) of 100 to .10',000



There is no particular limtation on the Pd conmpound 10 wused for the
preparation of the catalyst. Typical exanples of the Pd conpound are
hal i des such as pall adium chloride, organic acid salts such as pall adi um
aCetate, palladiumnitrate,_palladium oxide, palladiumsulfate, - sodium
tetrachl aropal l'adate (11) and the like. 15 Usually Pd may be
supported on the carrier in an anount b0 preferably 0:01 to 6% by weight
nore preferably 0.1 to 2% by wei ght based on the weight of the carrier. The
use of Pd’'in an anount of nore than 6% by weight is econonically

i nadvant ageousy,.29 2 ISt Ak | nphat kenloin egrd of
conpounds of. tﬁg nét%?gtaé?,}%ﬁggfp%ent ! c)g%!tog‘:t?e Used in preparing the
cat al yst of thét?-ﬁ%ﬁ@i%ﬁ:ﬁt?ypi cal exanpl es of these conpounds are halides

such as tellurium ciekamplies S£!€he Urezddiun dirstand a¥eny £hiked Bed bi snuth

oxi de, _ant 1 ongVBEPHe, 21 SHEHERY HE aifpril i e Ul HetEuetr! 48 T
bi smut h ni t at é5 sdppetageovat fromithepraatiaad standpadnhi tpaREoDhCaL at es
sueh as CopPer rakghabea hibiRG Cofoditth ) RAl AGkiARact SbhutiBedtediled

tellurous acid, ;selenic 30 acid, selenious a nmony sulfide, bisnuth
sul fide and coppbh SHFRaReCatRLYSHIaS (Hiesrried @BPVA-so be used if desired.

Any of substances wexplpaES general |y used as carriers and which are porous
o ean be ade Per OUhe ke dedBl Shialeith SRS, gt o iShepuRE ces
di at omacedu@ bedamt withowefierehtente esxamplas.a, acti vated carbon, al unina
Example 1
In an agueous solution'containing 10 g of sodium
tetrachloropalladéte (II) was placed 250 ml of a silica
carrier having'a particle size of 5 mm to absorb the entire
15 solution. The resultant carrier was added to 200 ml of an
aqueous solution containing 18 g of sodium metasilicate,
.and allowed to stand still for 20 hours. Thereafter, 10 ml
of 85% aqueous hydrazine was added to the mixture to reduce -
sodium tetrachloropalladate (IX) to metal Pd, and the
20 resultant carrier was washed with water and dried at 110°C
for 4 hours. The carrier containing metal Pd was placed in
90 ml of an aquecdus solution containing silicotungstic acid
in an amount of 20% by weight based on the weight of the
carrier to absorb the entire solution, and dried at 110°C
25 for 4 hours. '
The resultant catalyst in an amount of 15 ml was
filled into a reaction tube, and a mixed of gas of
. ethylene, oxygeﬁ, steam and nitrogen iq a volume ratio of
50:7:30:13 was introduced thereinto at a temperature of
30 150°C and a pressure of 5 kg/cm?2 G at a flow rate of 45
Nl/hr to effect reaction. The resultant gas was cooled,
and the condensed liquid thus collected was analyzed by gas
chromatography.
As a result, the following data were obtained: acetic
35 acid space time vield of 93.1 g/l+hr, acetic acid-

selectivity of 78.5%, and CO; selectivity of 14.2%.
Example 2

e e e e



and silica alumna. In the process of the present .invention for preparing
acetic’acid by reacting ethylene and oxygen, preferably in 5 the

coexi stence of water, it is practically advantageous to determ ne the
reaction tenperature in the range -of fLeterany 100to [err], nore _
preferably [err] :to [err]. Mreover, ¥ is practically advantageous to
determ ne the reaction pressure fromthe standpoint of the equipnents in 10
the range of normal pressure to 30 [err], nore preferably in the range of 1
to 15 [err]. The gps&Spiccdduie b Exdmpleeacwasnrepebadi except pthakss of

[y

the present invention conprises £{hy 1Y PeRcaNEE S LPdoRtys € i
.necessar'y ni t&b@%?ﬁ°%%r’g:1%ia0%cge or%%%?g rgre gas may be used a]éca
di l uent. The daeddowi ng amounts of gases are fed to the reaction system

based on the tOtalE?QBHE%_Qf the fed gases: ethylene: preferably 5 to 80%

by volune,_ nore prerera 10 to % by vol.ung; . spr.eferab to 15%

by vol umep 20 mr'@’ﬁr@?‘gﬁﬁ?ﬁe?{’%%%]ﬁ/ ]\/g%fng‘)&’gﬁgegt %ngrﬁéfl-am y il

to 50% by vol paRgstonelybddel kidic Rdid 3@% wpedolinnplate ofirrying out the

process of the.g£§§§$% Loventipp, it is advantageous-to use ethylene of
i LS

high purity a%" erial. However, ethylenefmay be mixed with a
25 smal | anount Bxam@herdsat urated hydrocarbon such as nethane, ethane

and propane. Mreo¥gp, pPE¥eairdi it Behnhid m:dsq&_retpgaé&dsasc&ege ghhkogen
and carbig%d|OX|de f or ea%ggle- in the form of alr,"na¥ be fgd. However,
in the c oEURGELePP kYR PERRIT Y lvas usede By BERG38E advant ageous
to use oxygensailibogngsviendeddi on, nost suitably at | east at 99%

Furthernore, the p f steamis indispensable to the reaction of the
i nvention, and is g%?@@%%rg

The procgdure of Example 1 was repeated except that
molybdovanadosilisic acid was used in place of
15 silicotungstic acid.
Example 6 _ |
The procedure of Example 1 was repeated except that
molybdophosphoric acid was used in place of silicotungstic
acid.
20 Examole 7
The procedure of Example 1 was repeated except that Ga
salt of silicotungstic acid was used in place of
silicotungstic acid.
Ga salt of silicotungstic acid was prepared by adding
‘25 dropwise an agqueous solution containing 0.045 g of gallium
nitrate to an agqueous solution containing 9.6 g of
silicotungstic acid with stirring.
Example 8 ‘
¢ The procedure of Example 7 was repeéated except that Mg
30 salt of siliéotungstic acid was used in place of Ga salt of
silicotungstic acid. ' :
Example 9 _
The procedure of Example 7 was repeated except that Ga
salt of phosphotungstic acid was used in place of Ga salt
35 of silicotungstic acid.
Example 10



advant ageous to enhance the acetic acid-formation activity 35 and acetic
aci d-sel ectivity. The teaction m xture gas is preferably passed through the

cat al yst an,§s§m§3mﬁ y (SV) of 100 to 10, 000 10 [err],

particdl ar jﬂﬂﬂmll to 5,000 [err] in the standard state. Exanples
of the reactl a fixed bed syst : AR system and
the like. s advant agequs fr ﬁﬂs %R@EP%EEE 1 l}qudpoi nt to
adopt a fixed bed having corrosion-r st ant il ed with

such a catal yst as described above. EXAMPLES The present invention is nore
concretely illustrated 10 below with reference to exanples. Exanple 1 In an

aqueous sol uti on @t ?r@b@gu}ﬁ ofoExampliem twds a:&ﬂezmamlé:mte thalt) nsas

e ont Fre. 1oLk, piyiBobbbELe/ &A% MM Wit elgts, U, cardee 30

agueous sol usiitdcotnngsticgat8dg of sodi um netasilicate, and allowed to

stand still for Zggaﬁ’#]}_%hereafter 10 mM of 85% aqueous hydrazi ne was
added to the m xt 0 reduce sodiumtetrachl oropalladate (I1) to netal

Pd, and the 20 r&hd mxecesyne Of FMSTRASHE WaF t ¥R HFFRG ddhahk Querr]
for 4 hours. JIRg €@ @.aq&ce%hgsawgaefaabaé’we& il gaekd ROGaNsak ¥E

aqueous sol ution containing silicotungstic acid in an amunt of 20% by
wei ght based saﬁmuns% 8Cifhe carrier to absorb ,the entire solution,

and dried at [err|gxample 12
The procedure of Example 1 was repeated. except that
10 titania was used in place of the silica carrier.
Example 13
In 75 cc of deionized water was dissolved 150 g of
phosphotungstic acid. To the solution, a solution of 25 g
of cesium nitrate in 160 cc of deionized water was added
- 15 dropwise. Water in the resulting precipitate was evaporated
on a water bath to obtain a c:lay-like material. The clay-
like material was added with a solution of 11.7 g of
palladium acetate in acetone, the solveqt was evaporated,
and then the residue was dried in air at 150°C for 3 hours.
20 The dried residue was ground to particles of a diameter of
1 to 2 mm, heat treated in air at 200°C for 3 hours, and
then subjected to reduction treatment in hydrogen
atmosphefe at 250°C for 5 hours. The catalyst thus
obtained was used in the reaction. Procedures other than
25 those described above were carried out in the same manner
as described in Example 1.
Comparative Example 1
In an aqueous solution containing- 10 g of sodium
tetrachloropalladate (II) was immersed 250 ml of a silica
30 carrier having a particle size of 5 mm to absorb the entire
solution. The resultant carrier was placed in 200 ml of an
aqueous solution containing 18 g of sodium metasilicate,
and allowed to stand still for 20 hours. Thereafter, 10 ml
of 85% aqueous hydrazine was added to the mixture to reduce
35 sodium tetrachloropalladate (II) to metal Pd. The carrier
was then thoroughly washed with water, and dried at 110°C

VW pu—




25 for 4 hours. The resultant catalyst in an anpunt of 15 m was filled
into a reaction tube, and a ni xed of gas of ethylene, oxygen, steam and
nitrogen in a volune ratio of 50:7:30:13 was introduced thereinto at a
ténperature of 30 [err] and a pressure of 5 [err] at a flow'rate of 45

Nl /hr to effect reaction. The resultant gas was cool ed, and the condensed
liquid thus collected was anal yzed by gas chronatography As a result, the
foll owi ng data were obtained: acetic 35 acid space time yield of 93. 1
[err], agetic acid- selectivity of 78.5% and [err] selectivity of 14.2%
The proceédure of Exanple 1 was repeatef except t hat phosphot ungstic acid
was used+in place of silicotungstic ac é The procedure of Exanple
1 was repeated except that tungstonDbed03|I|cic acid-was used in place of
silicotungstic acid. The procedure of Exanple 1 was repeated except that 10
t ungst ongl ybdopkasphoni c szde&ﬁﬁbsmﬁﬁhéntumbmcehoéesaESCﬁihegsabovecwdre

ol bdovanados REETAM Bubl o eﬂg'e%at% s ER 38 BERBLS: gt ¢ acia.

Exanpl e The pr oce&SHRAZE : =YY repeated except t hat

"D|ydeDhOSDhOF'C a&hﬁswaﬁauafdah”a&ﬁéﬁﬁbC&ofﬂﬂldﬁﬁdaﬂkihhﬁngc'd

: 5 silicotungstic acid in an amount of 20%'hy weight based on

the weight of a carrier to be used was immersed 250 ml of a
silica carrier having a particle size of 5 mm to absorb the
entire solution and dried at 110°C for 4 hours. The
catalyst thus obtained was used in the reaction.

10 Procedures other than those described above were carried
out in the same manner as in Example 1.

Comparative Example 3

- i An acetone solution containing 1.2 g of palladium
acetate was added to an aqueous solution containing

15 ' molybdovanadophosphoric acid in an amount of 20% by weight
based on the weight of a carrier to be used. In the
resultant solution was immersed 250 ml of a silica carrier
having a particle size of 5 mm to absorb the entire
solution, and dried at 110°C for 4 hours. The resultant

20 carrier was further heat treated in air at 320°C for 5

'~ hours. The catalyst thus obtained was used in the

reaction. Procedures other than those described above were
carried out in the same manner as in Example 1.

§ The results thus obtained in Examples 1 to 13 and in

g 25 Comparative Examples 1 to 3 are shown in Table 1.

g
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20~ .- .. Exarrpl e 7 The procedure of Exarrpl e 1 Was repe’at ed except that Ga
salt of Sili cotungstic acid was used in place of silicotungstic acid. G -~
sal.t of sild.cotungstic acid was prepared by adding 25 dropw se an aqueous
sol ution containing 0.045 g of galliumnitrate to an aqueous solution
contal ntng- 9.6 g of silicotungstic Qld with stlrrlng The procedure of
Exanpl e 7 was repeated except that f/g salt of silicotungstic aci d was
used in place of Ga salt of sili cotungstl_c acid. The procedure of Exanple 7
was tepeated except that Ga salt of phosphotungstic acid was used in’ place
of Ga-salt 35 of si I [ cotungstlc aci d@@d‘hﬁle 10 12 The procedure of
Exanpl e 7 . & S used
in pliace of Ga salt of i o%‘fmgstlc actd. “Ex ]

procedure of Exanple 7 was repeated except thatacmcs.add of silicotungstic
acid ywas used in place of Ga salt of silicotung@fiserlacid._Exanple 12 The
procedure of Exanple 1 was repeated except that 10 1]t armeertepertls e$P2i

pl ace. of thE S Ilg anmpl e 13 5 cc ofg,dei-apized vat er, was
di SSOI_ ved i 8; ﬁo f‘JaciEX . : Ji. 9. . % } '14V?of

* ACOH = acetic acid

g ' Ex. 2 phosphotungstic acid ‘@ _ .siliﬁca. 3.3} 78.0 5.0 16.0
Ex. 3 tungstomolybdosilicic acid _eilica 91.2. _77.6 4.4 17.5
Ex. 4 _ tungstomolybdophoephoric acid _ silica 74,1  76.5 4.1 19.2
| Ex. 5 molybdovanadosilisic acid eilica 94.0 61.4 19.4 17.5
i Ex. 6 molybdophosphoric acid - silica - €8.5 77,5 4.6  17.8
' Ex. 7 Ga salt of s:_lliéotungstic “acid 'eilice. 0.4 80.1 4.1 15.6
Ex. 8 Mg salt of silicotungstic acid silica 90.8 79.7 5.5 14.6
EX. 9 Ga salt of phosphotungstic acid silica 75.6 . 74.8 3.2 . 21.8
Ex. 10 Li salt of silicotungstic acid sgilica . 91.0 79.9 3.9 16.1
’ Ex. 11 Cu salt of silicotungstic acid silice 90.9 - 78.6 4.9 16.4
Ex. 12 silicotungstic acid titania 91.5 79.1._ 4.8 14.2
Ex. 13 Cs salt of phosphotungstic acid none .. 41.0 77.0 5.3 17.6
Comp. metal Pd only . silica 0 o o 100
Ex. 1 a
Comp. eilicotungstic acid only silica 0 L 0 0 0
Ex. 2
__. Comp. Pd ealt of molybdovanado- eilica 1. 32.0 s0.1  15.4
% Ex. 3 phés_nimoric acid - -

_** Dol = acetaldehyde

Example 14 :

_ In an aqueous solution conta:.n:.ng 10 g of sodlum

i tetrachloropalladate (II) was placed 250 ml of a silica
carrier having a particle size of 5 mm to absorb the entire
solution. The resultant carrier was added to 200 ml of an
aqueous solution containing 18 g of sodium metasilicate,
' and allowed to stand still for 20 hours. Thereafter, 20 ml
__ ; ' of 85% aqueous hydraiine was added to the mixture to redice




of cesiumnitrate in 160 cc of deionized water was added 15 dropw se.
Water “in the resulting precipitate was evaporated on a water bath to obtain
a clay-like material. The clay- like material was added with a sol ution of
11.7 g of *pall adi'um acetate in acetone, -the sol vent was-evaporated, and
then the residue was dried in air at fjggr] for 3 hours. 20 The dried
residue was ground to particles of a dianeter of 1 to 2 mm heat treated in
air at [err] for 3 hours, and then subjected to reduction treat ment |n

hydrogen & Tospete BupkstblofohaPiIBS o Tie ohalis' phlisanlhol ged Ve
Eir ri Fd (ih'lt ni mmﬁel?sa&zaannargﬁerd? rwelsined mﬂnmherlm@oﬁpaedt ate
caam or opal 106 28%\ SROHELON F0'A 000 HondathiAaChiEd)L Pd was

was | _mrerse a siTica 30 carrlier haV|ng
a particle si plased lﬂn%méb%r BNt AQPUEORS rSoliHiien Gnt3hBipgsQrfdng of

carrier wag ﬁt%éi%@%l%ﬁteaaow métén@rreceamtmbﬁg af8iag of ‘
sodi um netasi Il cat e, an gwed to stand %}I [ ], g hours. .Thereafter,
10 M of 85% ShSth Eu ex\AShAWFRY ¢ SFruiBe §AFEREEe 35

sodi um t et r ac hbesritepial el &teta(]] IPd andmaza@obla@m m:anbuou ml wéisabnhen
thus obta) ned 8L %“g%Escr i Whpdihifa it RESpiicas %%%Shefhfhéﬁt fhose
descri bed abovEHa®iW¥2Q40)i ¢ @R am‘utlﬁeoﬁa%%% nevirgitdy: basedapp &£he :
Conpar at i y @y Exaaphe of il drler2RoqHEGHS éﬂé%ﬂﬁ&é%ﬁ"c&b?ﬂ and
dried at 110°C for 4 hours. :
The resultant catalyst in an amount of 15 ml was
filled into a reaction tube, and a mixture gas of ethylene,
oxygen, steam and nitrogen in a volume ratio of 50:6:30:14
15 was introduced thereinto at a temperature of 150°C and a
pressure of 8 kg/cm? G at a flow rate of 45 Nl/hr to effect
reaction.
The resultant gas was cooled, and the condensed liquid
thus collected was analyzed by gas chromatography.
20 As a result, the following data were obtained: acetic
: acid space time yield of 200 g/l*hr, acetic acid-
selectivity of 85.5%, and CO2 selectivity of 5.2%.
: The procedure of Example 14 was repeatéd except that
PS potassium tellurite was used in an amount of 0.86 g.
Example 16
The procedure of Example 15 was repeated except that
phosphotungstic acid (H3PW12040) was used in place of
_ silicotungstic acid. ' _
30 -  Example 17 - | *
The procedure of Examplé 15 was repeated except that
tungstovanadophosphoric acid (HaPW11ViO40) was used in
place of silicotungstic acid.
Example 18
35 The procedure of Example 15 was repeated except that
molybdovanadosilicic acid (HsSiMoO10gV2040) was used in place
of silicotungstic acid, and that the reaction was carried




5 silicotungstic acid in an amobunt of 20% by wei.ght based on the wei ght of
a carrier to be used was imersed 250 ml of a silica carrier having a
particle size of 5 nmto absorb the entire solution and dried at [err] for
4 hours. The catal yst thus obtained was used .Ln_the reaction. 10 :
Procedures other than those described ZR@Ve were carried out in the same
manner as in Exanple 1. Conparative Ex |l e 3-An acetone sol ution
containing 1.2 g of palladium acetate was added to an aqueous solution
contai ning 15 nol ybdovanadophosphoric acid in an amount of 20% by wei ght
based on the wﬂ?BH%Yo4n§r@@m¢i@g a gas mistirel oft ethydenet aokygehyt steamas

i mersed 250 nénafnﬂtfbgéﬁaiﬁaéw&imﬁ@\é;?&o?arP

i.el.gaShze.pf .5 ﬁ_rg]rt
absorb the entiEe sol and dried at 8'94§ﬁ6%§s?£Tﬁefresu ?‘gr?t -
r

t]on err
20 carrier waS fﬁ?t]ﬂg(h’ﬁe@? R rRERIPNS, off 5 éﬁg/FE‘% B.for 5 hours. The
catal yst thus obt ai Bgdmpde lSed in the reaction. Procedures other than

t hose descrd bed abo r ried t.in the sane ner as in . .Exanple 1.
The result$ thus ob#gi ﬁ@dgﬁﬁgéﬁrﬁ?g‘it on oc@%nign%g e%m?&%&ﬂ’\/e

Exanpl es 1 to BetracBhowppahladate (TI) wak $laxiade 250Hmleofipal giddice _
Carrier !spacgali8 toiNiLvs AP R : : e ytion
containing 10 Sa%?%ﬁdﬁﬁqiﬁgt?a%%%’f%éaﬁ%ﬁf (5 I ﬁh \kﬁfg’sggﬁgggdg%o%ﬁkl&? a
silica 5 ' carr FRLURAORNg ThpaFeseltans qaxyiar vas addedotd 2RO wit ofean

Sol ution. The agaebhBNkolatiol! comafiiiry 1 L HoMmRetasilicate,

10 .and allowed to stand still for 20 hours. Thereafter, 20 ml
of 85% aqueous hydrazine was added to the mixture to reduce
sodium tetrachloropalladate' (IX) to metal P4, and the
resultant carrier was washed with water aQ_nd dried at 110°cC
for 4 hours. -The carrier containing metal Pd was placed in

15 90 ml of an aqueous solution containing 0.45 g of potassium
antimonate to absorb the entire solution, and dried at
110°C for 4 hours. Thereafter, the carrier containi:ig
metal P4 and Sb was placed in 90 ml of an 'aqueous solution
containing silicotungstic acid (H4SiW)2040) in an amount of

20 30% by weight based on the weight of the carrier to absorb
the entire solution, and dried at 110°C for 4 hours.

The reaction was carried out with the catalyst thus
obtained under the same conditions as in Example 14.
Example 20 .
?5 The procedure of Example 14 was repeated except that
an aqueous acetic acid solution containing 0.34 g of
bismuth nitrate was used in place of the aqueous solution
containing potassium tellurite.
Example 21

30 In an agueous solution containing 10 g of sodium (
tetrachloropalladate (II) was placed 250 ml of a silica.
carrier ha%ring a particle size of 5 mm to absorb the entire
solution. Thé resultant carrier was added to 200 ml of an
aqueous solution containing 18 g of sodium metasilicate,

35 -and allowed to stand still for 20 hours. Thereafter, 20 ml
of 85% aqueous hydrazine was added to the mixture to reduce
sodium tetrachloropalladate (II) to metal palladium, and




aqueous solution containing 18 g of sodiumnetasilicate, and allowed to
stand still for 20 hours. Thereafter, 20 m of 85% aqueous hydrazi ne was
added to the m xture to reduce 15 sodiumtetrachl oropal |l adate (11) to
netal palladium and the resultant carrier was washed with water.and_dried

at [err] for 4 hours. The carrier containing netal Pd was placed in 90 n
of an aqueous solution containing 0.43 g of 5 -potassiumtellurite to
absorb the entire solution, and dried dt7[err] for 4:hours. Thereafter,
the carrier containing netal Pd and Te was placed in"'90 m of an aqueous
solution containing silicotungstic acid [err] in an anount of 30% by wei ght

based on the 1Gheveduraht! BArebt! Ghs [Washe@ WLt Sraftitly BacS ArdldPRe and
dried at [err] for, 4 _hours The resul tant catal éSt Jn an ano nt of 15 m

was filled int P FelOFi 6nDPUPE: aTRE £3IXTAGK LY iping mﬂ
steam and ni t r aglcad i w0l uﬂ:eofahnoaqﬁedi@s Gsamﬁ:ébnlfconm“ﬁg Qnumee_l; of

th i nt t «af U f t f
ate of 45 N | O UL eR RnisE b Bior LhF el frd sty andiard oq 2"
condensed I5qU|att11LQchﬁblreét1;Qunas a'memeny. @@mmnn@
As a result, tacetlc a_magﬁ @ﬁ%@bﬁa@@&aiﬁeﬁ Oﬁfeéf G e'iR?scesé W5 o €l d

of 200[err] ectivity of err select|V|t of

5.2% The proce?Rﬁt'ea’tﬁ:'-@( Jé’of-hmﬂég' e%@%ﬁie é§{:%3p'% QQ?atUQE'?n;%'E
tellurite was useE By ol Bised od BRelweEfBEPLE e carrier to absorb

the entire solution, and dried at 110°C for 4 hours.

10 The resultant catalyst in an amount of 15 ml was
filled into a reaction tube, and a mixture gas of ethylene,
oxygen, steam and nitrogen in a volume_ ratio of 50:5:30:15
was introduced thereinto at a temperature of 160°C and a
pressure of 8 kg/cm? G at a flow rate of 45 N1/hr to effect

T 15 reaction. ' .

' The resultant gas was cooled, and the condensed liquid

thus collected was analyzed by gas chromatography.
Example 22
In an aqueous solution containing 10 g of sodium
20 tetrachloropalladate (II) was placed 250 ml of a silica
carrier having a particle size of 5 mm to absorb the entire
solution. The resultant carrier was added to 200 ml of an
aqueous solution containing 18 g of sodium metasilicate,
and allowed to stand still for 20 hours. Thereafter, 20 ml
25 of 85% aqueous hydrazine was added to the mixture to reduce
sodium tetrachloropalladate (II) to metal palladium, and -

, the resultant carrier was washed with water and dried at
110°C for 4 hours. The carrier containing metal Pd was
placed in 90 ml of an aqueous 'solution:containing 0.86 g of!

30 potassium tellurite to absorb the entire solution, and
dried at 110°C for 4 hours. 'I’hereafter, the carrier
containing metal pd and Te was placed in 90 ml of an
aqueous solution containing Mg salt of s:.l:.cotungst:.c acid
in an amount of 30% by weight based on the weight of the

35 carrier to absorb the entire solution, and dried at 110°C
for 4 hours.




The procedure of Exanple 15 was repeated except that phosphotungstic acid
[err] was used in place of silicotungstic acid. 30 The procedure of Exanple
15 was repeated except that tungstovanadophosphoric acid [err] was used in

place of silicotungstic acid. Exanple 18 35 The procedure of Exanple
15 was repeated except that nol ybdovanadosilictic acid [€rr] was usSed in
pl ace of silicotungstic acid, and that the reaction was carried 16 out.

by introducing a gas m xture of ethyleng, oxygen, steamand nitrogen in a
volume ratio of 50:7:30:13 at a.flowrate of 45 Nl/hr at a pressure of 5

kg/cn2 G Exanple 19 5 : In an aqueous sol utlon containing 10 g of
sodiumtetrachl oropal |l a ate l). vvasyglacgd 250 m. of a sili carrler-
having a particle Si&e FeaEhe| Y2 oFeRRERL

resul tant car rd:esso/h&ngidnd.z g E0manesiam aijtravtes :Bmlwatéu‘l, Gﬂ:m&ddim 18

f di |
301 200107 LAl gt WU LANGH11A 5108 Shibd Shofl I8
reduce sodi umaantadgHing A&l9 maaﬁesqtnu):omngat&c &id anich mtxmngant !
car 1 or "wa mshed U Bt Ll et i bbb SoBOYS S T 1 €

cont ai ni ng rret al Pd was ‘gl aced 1n an aquebus sol uti on
cont ai ni ng 0. & & RO SHREe BBAaBSBIRCERR 3380k QErGiena,

and dried at [cﬁfyéeri,orstﬂeémlﬂ:ﬁi niiteogeh! 86, at VOLEAE! +LE16 0OE B0I B0 14
was introduced thereinto at a temperature of 160°C and a
pressure of 8 kg/cm2 G at a flow rate of 45 N1/hr to effect

10 reaction.
The resultant gas. was cooled, and the condensed liquid
thus collected was analyzed by gas chromatography.
Example 23
“"The procedure of Example 22 was repeated except that
15 @Ga salt of silicotungstic acid was used in place of Mg salt
of silicotungstic acid.
Example 24
The procedure of Example 22 was repeated except that
Li salt of silicotungstic acid was used in place of Mg salt
20 of silicotungstic acid.
Example 25
The procedure of Example 22 was repeated except that

Na salt of silicotungstic acid was used in place of Mg salt
; of silicotungstic acid.
25 Example 26
The procedure of Example 22 was repeated except that
‘ Cs salt of silicotungstic acid was used in place of Mg salt
of éilicotungstic acid. .
Example 27 '- ‘
30 The procedure of Example 16 was repeated except that
- 0.68 g of copper acetate was used in place of potassium
tellurite. '
Example 28
The procedure of Example 14 was repeated except that
35 an aqueous acetic acid solution containing 0.81 g of tin
acetate was used in place of potassium tellurite.




metal Pd and Sb was placed in 90 ml of an aqueous. sol ution containing
silicdtungstic acid [err] in an anmount of 20 30% by wei ght based on the
wej ght of the carrier to absorb the entire solution, and dried at [err] for
4 hours. ‘The reaction was carried out with the catalyst thus obtained under
the sane conditions as in Exanple 14. Exanple 20 25 The procedure of
Exanpl e 14 was repeated except that an_aqueous acetic acid.solution
containing 0.34 g of bismuth nitrate m&g used in place of the agueous

sol ution containing potassiumtellurite. Exanple 21 30 I n an aqueous
solution containing 10 g of sodiumtetrachl oropalladate (L1) was, placed 250
M of a 8ilica carrThe procedurepat tBampls 26 YRSSIABRRBEALSTEPERE RNtire

solution. The lr.§‘§t@f‘?l&@&ri@ét#\?ezg%%d%%gwiaoglﬁe%f apottaseburs sol ution

containing 18 g of” sodi um net asi and allowed to stand still for
20 hours. There®%lwFiteg m of 85% aqueous hydrazine was added to the
m xture to reduce spdamplé&esoachl oropalladate (I11) to-metal palladium and

17 the resyltant caryier was_ washed wth water d_dri t kebpt ERALA
hours. The’carrier CofitBFAFRGURELS gﬁ?’%&l%é’%‘% F%'bgggﬁg g% afn) agqueous
sol uti on cont & r%81gg Oofl 4s L vér pot tretiel wese lused dnt plafieoph PAE2ERALIRe
sol ution, and rg%iﬁgﬂ?t%at [err] for 4 hours. Thereafter, the carrier

a n

cont ai ni ng et “Se was placed in 90 ml of an aqueous sol ution
cont ai ni ng silicot UR§8ER3Ladld [err] in an anount of '30% by wei ght based on

the wveight of the ceppi prob@ddPeosP Example 14 was repeated except that
10 titanium oxide was used as a carrier.
Example 32
Into 1 N aqueous HCl were dissolved 10 g of sodium
tetrachloropalladate (II) and 0.43 g of potassium
tellurite, and 250 ml of a silica carrier having a particle
- 15 size of 5 mm was placed in the resultant solution to absorb
' the entire solution. The resultant carrier was added to
200 ml of an aqueous solution containing 28 g of sodium
metasilicate, and allowed to stand still for 20 hours.
Thereafter, 20 ml of 85% aqueous hydrazine was added to the
20 mixture to effect reduction, and the resultant carrier was
washed with water and dried at 110°C for 4 hours. The
carrier containing metal Pd and Te was placed in 90 ml of
an aqueous solution containing silicotungstic acid in an
amount of 30% by weight based on the weight of the carrier
25 to absorb the entire solution, and dried at 110°C for 4
hours. -
The resultant catalyst in an amount of 15 ml was
filled into a reaction tube, and a mixture gas of ethylene,
oxygen, steam and nitrogen in a volumé ratio of 50:6:30:14
30 was introduced thereinto at a temperature of 150°C and a
pressure of 8 kg/cm? G at a flow rate of 45 Nl/hr to effect
reaction. The resultant gas was cdoled, and the condensed
liquid thus collected was analyzed by gas chromatography.
The results thus obtained in Examples 14 to 32 are
35 shown in Table 2.



the entire solution, and dried at [err] for 4 hours. 10 The resul tant
catalyst in an anmount of 15 m was filled into a reaction tube, and a

m xture ‘gas of ethylene, oxygen, steam and nitrogen in a volunme ratio of
50:5:30: 15 was introduced therei nh@ at a tenperature of [err] and a
pressure of 8 kg/cn2 Gat a flowrate of 45 [err] to effect 15 reaction.
The resultant gas was cool ed; and the condensed liquid thus collected was
anal yzed by gas chromat ography Exanpl e 22 In an aqueous sol ution
containing 10 g of sodium 20 tetrachl oropalladate (I11) was placed 250 m of
a silicd carrier having a particle si %f 5 mMmto absorb the entire
solution. The resultant carrier was adde tzo 200 mM of an aqueous sol ution
containing 18 g of sodiumnetasilicate, and allowed to stand still for 20
hours. Thereafter, 20 W?ﬂ‘er@?lméq’u%ﬁ%“%m%%?féa% added to the

m xture t ahd

the resultant c&eg,&og&]_yvm washed wichhivat@f cand dpakedinat [ &diedeitay &) hours.
The carrier containing nmetal Pd was pl acesménn 90 mleldbf an_agueous sallition
containing 0.86 g of 30 potassiumtell urfareieo ARFEF-BeidhdTit PR *sSPat i on,
and dried at [err] for 4 hours. Thereaftemtid he defiric®r containing netal Pd
and Te was placed in 90 ml of an aqueous "é’o?‘ﬂtlon containing My salt of
silicotungstic acid in an ampunt of 30% by wei ght baséd on the wei ght of

th he 35 caf:gwrsmcaa&fgeab dce ent i le€1130] Udel(28s) andaz6a | €d @é.s| Cklg T @lz 4
ours. 1

Ex.15 silicotungstic acid silica Te(0.1) 160 79.5 16.1 4.2
' Ex.16. phosphotungstic acid eilica Te(0.1) 110 §3.8 10.7 5.2
T Ex.17 tungstovanadophosphoric silica Te(0.1l) 113 78.7 16.9 4.2
acid :
Ex.18 molybdo\m.nadosiliaic silica Te{0.1) 129 51.6 37.7 9.9
acid :

i Ex.19 silicotungstic acid silica Sb(0.05) 150 80.0 9.8 10.1
Ex.20 silicotungstic acid silica Bi(0.02) 1ss8 80.2 8.8 10.6
Ex.2l silicotungstic acid eilica Se{0.02) 240 86.4 8.1 5.1
Ex.22 Mg salt of silica Te(0.1) 151 79.4 17.0 3.4

silicotungstic acid
Ex.23 Ga salt of  eilica ‘Te{0.l) 159 78.9 16.5 3.6
silicotungstic acid : : .
Ex.24 Li salt of silica Te(0.1) 159 79.7 16.6 3.6
silicotungstic acid
Ex.25 Na salt of ) silica Te(0.1) 158 79.1 16.3 4.5
silicotungstic acid
Ex.26 Cs salt of ) silica Te(0.1) 158 78.6 16.9 4.4
ailicotungstic a.cid N .
Ex.27 phosphotungstic a.c:.d silica Cu{0.l)} 114 78.9 5.4 15.3
{
Ex.28 silicotungstic acid silica Sn{0.l1) 140 79.6 5.8 14.4
Ex.29 phosphotungstic acid silica Pb(0.1) - 118 77.4 5.5 16.8
Ex.30 silicotungstic acid silica 2Ag(0.1l) 132 78.4 5.9 15.0
Ex.31 silicotungstic acid titania Te(0.05) 191 86.0 8.1 5.5
Ex.32 silicotungstic acid silica Te(0.0S) 189 86.4 8.5 4.9

* AcOH = acetic acid
*+ AcH = acetaldehyde



My salt of silicotungstic acid was prepared by diesolving 0.12 g of
magnesiumnnitrate in water, and adding dropw se the resultant solution to
an aqueous sol ution contalnlng 28.8 g of silicotungstic acid with stirring.
5°

e resultant catalyst in an anount o jnto a
reaCU(Nh$§@@nH&ﬂ§WMWﬁWWMre ‘gas of ethyl-ene— k?ﬁ%ﬁHESFdﬁﬁ@E&Nr trogen in

a vol uner . 14 was intredluced.t hefl ei nt RERACERnper dt ure of -
[err] and 8 kg/cn2 G at-a flowrate of 45 [err] to effect 10
reaction. an gas was cool ed, and the condensed |iquid thus

col | ected mas analyzed by gas chromat ography. Exanple 23 The procedure of

Exanpl e 22 was repeated except that 1 5 @uagMd of silicotungstic acid was
used in place of My salt of silicotungstic acrd. Exanple 24 The procedure
of Exanple 22 was repeated except that Li salt of silicotungstic acid was

used in place ol.M Baprozessoffoxi producigygt iaceddicd acibe comporcimey of

Fﬁag}o L§e2(2)¥¥'\?gt Pe%tt?‘ ﬁ@ﬁnﬁ%ﬁaéﬂd%ﬁ p?éée%@eEx%&sH c%&jﬁ%%s used
procedur e SPRPX&FHRE 2(?)\/\/&?"? &4 anckepibh etk I@%an%ﬂﬂ%nb¢§ot ungstic

aci d was ugeﬂec&eal FeordftHd g&aid Hon¥ idt9Hd IS Het AP 1 B PE 3130
The proced Eﬁ le 16 was repeated except that 0.68°g of copper
hEiBashity-

acetate ma ‘ace’ of potassiumtellurite. Exanple 28
2. A process for producing acetic acid comprising

reacting ethylene and oxygen in the.presence of a Catalyst
comprising (a) metallic Pd, (b) at least one member selected
from the group consisting of heteropoly-acids and their salts
and (c) at least one member selected from the group
consisting of metallic elements of Groups, 11, 14, 15 and 16
of the Long~Form Periodic Table.

g 3. A process according to claim 2, wherein the

" component (c) is selected from copper, silver, tin, lead,
antimony, bismuth'selenium and tellurium.

4, A process according to claim 2 or 3, wherein the
metallic element of the component (c) is contained as a metal
or a compound of the element. _ )

S. A process according to any of the preceding claims,

- wherein the heteropoly-acids comprise one hetero-atom

- selected from the group consisting of phosphorus, silicon,

 boron, aluminium, germanium, titanium, zirconium, cerium,
cobalt and chromium, and at least one poly-atom selected from
the group consisting of molybdenum, tUngsten, vanadium,

: niobium and tantalum.

i 6. A process according to any Bf the preceding claims,
wherein the heteropoly-acids are silicotungstic acid, phos-
photungstic acid, phosphomolybdic acid, silicomolybdic acid,
tungstomolybdophosphoric acid, tungstomolybdosilicic acid,
tungstovanadaphosphoric acid, tungstovanadosilicic acid,
molybdovanadosilicic acid, borofungstic acid, boromolybdic
acid and tungstomolybdoboric acid. _

7. A process according to any one of the preceding
claims, wherein the heteropoly—ac1d salts are metal or onium

y IIIIIII AL ER AR



The procedure of Exanple 14 was-repeated-except that 35 an aqueous acetic
acid solution containing 0.81 g of tin acetate was used in place of

pof assi umlesﬂnddWHakBeenRe Id®d The procedure of Exanple 16 was repeated except
that 1.3 ¢ e was used in place of potaSS|un1teIIur|te
Exanple 30 rocedure of Exanple_l4 was-—+epea eg=gxcept that
0. 58 of si ver ra e was used-in pIateiofHﬁggqgngwm38eENu ite. Exani e

'}

31 The procedure of Exanpl e 14 was rQ@eate‘ excepePLAGED10 tj|t ani um oxi de
was used as a carrier. Examle 32 Into 1 N &guegas—He—were drssolved 10 g

of sodiumtetrachloropalladate (11) and 0.43 g of potassiumtellurite, and
250 mMl of a sili.ca carrier having a particle 15 size of 5 mmwas placed in

was aoddd e oa el eAg Biokddh b aRS SRidh e SRR BG um
net asi | i cmdmrag | twedot onerantharganic mx?@emmma’terparteallmdﬁ of
85% aqueo s, fudraz| élﬂoé@:?t&égﬁ%dﬁ {eov\ﬁ?%?i?é et Lo %ﬁf&ﬁ. ?ggggy on, and

the resultant carrier was was hours

The carrier coft-ai nithPrREFS RERAING k2 B e i9fF JhepPrecedingueous

sol ution eQaias)l rtmérémoweg:sétﬁ@%ﬁ wHidh ene déég@&‘)/a’easm\éeb@httﬂéased

on the we Q} of the carrier 25 sorb the en |re tIOE and dried

at [err] H%,‘fopo -acids are substl uted are se ecte rom the group
consisting of the metals of the Groups 1, “2, 11 and 13 of the
Long-Form Periodic Table. ' _

-9, A process according to any one of the preceding
claims, wherein the metals by which the hydrogen atoms of the
heteropoly-acids are substituted are selected from lithium,
sodium, potassium, cesium, magnesium, barium, copper, gold
and gallium.

10. A process according to any one of the preceding
claims, wherein the heteropoly-acid salts are selected from
lithium, sodium and copper salts of phosphotungstic acid and
lithium, sodium and copper salts of silicotungstic acid.

11. A process according to any one of the claims 1 or 5

- to 10: wherein the proportion of the components (a): (b) is
1 g atom : 0.025 to 500 g molecules. ' . '

12. A process according to any one of the preceding

. claims 2 to 10, wherein the proportion of the components
j(a):(b):(c) is 1 g atom : 0.025 to 500 g molecules : 0.005 to

%10 g atoms.

: 13. A process according to any one of the preceding
claims 2 to 12, wherein the catalyst comprises three
components of (a’) metallic Pd, (b”) at least one member

. selected from the group consisting of‘phosphotungstic acid,

| silicotungstic acid, lithium, sodium and copper salts of

;phosphotungstié acid and lithium, sodium and copper salts of
silicotungstic acid and (c’) at least one member selected
from the group consisting of bismuth, selenium and tellurium.

14. A process according to any one of the preceding
claims, wherein the catalyst comprises the components (a) and
2o TRETOTT TS caras
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hours. The resultant catalyst in an anount of 15 mM was filled into a
reaction tgleshedds BeehREJIdEL Jas of ethyl ene, oxygen, steam and nitrogen in
a yolune rat 14-30 was introduced thereinto at a tenperature
of [err]: anﬁl]ﬂugﬂmﬁmu 8 [err]. .G at attowrate—ot—=5=fFerr] to effect
reaction. T s was cool ed, “§noHiBIERIEOdEHBEENI || qui d t hus
col l ected was anal yzed by gas chronﬁ@ogr hy. WRBLAGERI| ts tlhus obtained in
Exanples 14 to 32 are 35 shown in Table 22 '
Pd- het er opol y- aci d- (c) conponent systen1cata|yst Het er opol y- aC|d

Carrier ace tine Sel Ity o p el d of
(atomic' ) SPokng, &ngePPf‘ts[ dpan W shdl fo) gggpér F]lvte(%')gPd) Ex. 14
si | i cot ungeepporteddon a carraehlca Te(O 05) 200 .5 9.9
5.2 Ex.15 siligotugg I (8¢l

So s a1 o 459 A %nge% gﬁg?ﬁ%g?. to sh§ ohe(Beltne ggecegﬁ'glgl)

110 clgimg, wherein $h2 CRITieT GREPrdsasadoPRESfoSIOStanse i ca

Te(0.1) 16113A proces§8a3co¥@19g to4a&ya©h6 Bft. t8e precedlng ‘
nol ybdoyanadosi 51 37.7

9.9 acid E%aigs'sf"hec"&lﬁhﬁé’ﬁ é’aicﬁlt?r TSubist angs jis, s eé‘lfﬁfeﬁjs) 150
80.0 9.8ilita, 1dE>at2ﬁtac:§dus:cﬂam:gjst moremiorillonite,s |1:|JJt@a11a,B| (0.02)

ég?o_ 02) act? viﬁds ‘carbo 66%'%1%‘131 aid ﬁ%}\g%% . silica

silica Te(0.11l7. A pro®ess accorgdng tp7amy on@ $f the preceding
claims, wherein metallic Pd of the component (a) is formed by

supporting a palladium salt on'a carrier and then subjecting
the palladium salt to reduction treatment.

18.A process according to any one of the preceding
claims, wherein ethylene and oxygen are reacted in the
presence of water. .

19. A process accordlng to any one of the preceding

" claims, wherein the reactlon is carried out at a temperature
of 100 to 250 °C and under a pressure of 0 to 30 kg/cm2G.

20. A process accordlng to any one of the precedlng
claims, wherein 5 to 80 % by volume of ethylene, 1 to 15 % by
volume of oxygen and 1 to 50 % by volume of steam are reacted
in a gas phase.

ab2/6.4.93
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silicotungstic acid Ex.23 Ga salt of silica Te(0.1)

159 . 78.9 16.5 3.6 silicotungstic acid Ex.24 Li salt of

silii*ca Te(0.1) 159 79.7 16.6 3.6 silicotungstic acid
Ex.25 Na salt of silica Te(0.1) 158 79.1
16. 3 4.5 silicotungstic acid Ex. 26 Cg salt of -siltca
Te(0.1) 158 78.6 16.9 4 silicotungstic acid Ex.27
.phosphotungstic acid silica -Cu(0.1) 114 78.9 5.4
15.3 Ex.28 silicotungstic acid silica Sn(0.1) 140

79.6 5.8 14. 4 Ex. 29 phosphotungatlc aC|d - silica Pb(Q. i)
115 . 77.4 5.5 . PROX 3 DA 3 E B silica
Ag(0.1) 132 78. 4 5.9 15.0 Ex. 31 silicotungstic acid
titania Te(0.05) 191 86.0 8.1 5.5 Ex.32 silicotungstic
acid silica Te(0.05) 189 86. 4 8.5 4.9 [err] =

acetic acid [err] = acetal dehyde REPLACEMENT SHEET CLAI M5 1. A process
for produgr ng acetic acid conprising reacting et hyl ene and oxygen in the:
presence a cata- |yst conpr|S|ng (a) netalllc Pd -and (b) at |east one
mem ber selected fromthe gr GRSTRE : BELARSUR®| Y- acids and their
salts. 2. A process according to cIa|n11 wher ei n the heteropol y-acids
conpri se one hetero-atom sel ected fromthe group conS|st|ng of phosphor-us,
silicon, boron, al &rprecesgefounpuoducingraceticiacighicompriedingm cobal t

and Chronlunlr@ﬂ@tﬁhglﬁﬂﬁ&lgﬂg BREYs-AIUR SBi the presence of a catalyst
10 comprising metallic Pd and at least one member selected
from the group consisting of heteropoly-acids and-their
salts, or in the presenée of a catalyst comprising metallic

Pd, at least one member selected from the group consisting

of heteropoly-acids and their salts and at least one member
15 selected from the group consisting of metallic elements of

Groups 11, 14, 15 and 16 of the Long-Form Periodic Table.



Leé?ed.fron1the group consisting of nol ybdenum tung-
ni obi ym and tant'alum 3. A process according to clam= e
het er opol y-acids are selected fromthe group consdéBEPmAGEMEﬁTSﬁEEUn

aci'd, phosphotungstic acid, phospho- m)lpd)di c acigl, sil Zc?ﬂg/mf
t ungst onol ybdo- phosphoric acid, tungstonol ybdosi lfli Bate :.&ct.d. =%y
st ovanadophosphori c acid, tungstovanadosili sic acitd—roFyoaovanac 'isic

acid, borotungstic acid; borono- |ybdic acid and tuhgstonnlybdoboric aci d.
4. A process accor di Fgetpreradure, ofinexamle e was arensstedcbatars tthaar &1

metal or oni um g ¢ Sof NsIMH S LS WA Q96D LR R 13 AGE L BRI e of

condensi ng two or_ pore inorgani C, oxygen acids are partirally or entirely
substituted by ShELeRtHRFEEHRt3F1Sr oni um cations. 5. A process according
to claim4, wherein ghempeéals by which the hydrogen atons of the

het er opol y-acids are_substituted are selected fromthe group consisting of
the metal s gf t he G%‘f)sp’i?c%‘,&uﬁ% %ﬁo@iaé‘%]fe ﬂoﬁ@-q:d?%q?%ﬁdo&x&%blt@?%.@A'

processfa0ﬁorﬁi§¢nﬁ(b%ﬂsﬂlnf?tuﬁgﬁﬁﬂi;ddﬂﬁIW%?ab$eﬂyithngbP@fhﬁdLgﬂiﬂ of
atoms of the hetero -acids are. substituted are selected fromthe group
v G um

consi sting of 151 ‘assi um cesium nmagnesi um bar -
copper, gold and galBxamele7l2 A process according to claim6, wherein the

het er opol y-aci d sal t r r e qgr on- _sisting of |ithium
o L oo 0 er L Tad S EH L "BMAIS & W FUeatledl 'HRDL kb
titania was used in place of the silica carrier.

Example 13
In 75 cc of deionized water was dissolved 150 g of
phosphotungstic acid. To the solution, a solution of 25 g
of cesium nitrate in 160 cc of deionized water was added
15 dropwise. Witer in the resulting precipitate Qas evaporated
on a water bath to obtain a clay-like material. The clay-
like material was added with a solution of 11.7 g of
palladium acetate in acetone, the solvent was evaporated,
and then the residue was dried in air at 150°C for 3 hours.
20 The dried residue was ground to particles of a diameter of
1 to 2 mm, heat treated in air at 200°C for 3 hours, and
then subjected to reduction treatment in hydrogen
atmosphere at 250°C for S hours. The catalyst thus
obtained was used in the reaction. Procedures other than
25 those described above were carried out in the same manner

whaereir—the

as described in Example 1.
Comparative Example 1
In an agqueous solution containing 10 g of sodium
tetrachloropalladate (II) was immersed 250 ml of a silica
30 carrier having a particle size of 5 mm to absorb the entire
solution. The resultant carrier was placed in 200 ml of an
aqueous solution containing 18 g of sodium metasilicate,
and allowed to stand still for 20 hours. Thereafter, 10 ml
of 85% aqueous hydrazine wés,added to the mixture to reduce
 35 sodium tetrachloropalladate (II) to metal Pd. The carrier
was then thoroughly washed with wéter,Wénd dried at 110°C
for 4 hours. The catalyst thus obtained was used in the




tungstic acid and lithium sodiumand copper salts of silicotungstic acid.
8. A process according to claim wherein the pro-_pg on_of the ,
conponents (a): WZS to 500 g nol e Eﬁh@zmﬁzﬁéﬂﬁﬁﬁs
according to claim1l m\g‘i\\ \““\cat a- |yst conpri Hes e corrp%nge?nts
and (b) supported W‘ ’dcess accor i _Wherein
the car- rier co r dus substance 11. A _&._=._-.=___=
claim 10, wherein the porous substance is sel ected fromthe group

consi-sting of silica, diatonmaceous eagiAzygontnorillonite, titania,
activated carbon, alumna and silica alumna 12. A process according to

I 1, wh t &l t
pal | adi i sal t o SaPrpeR R aﬁéatﬁgaégg éﬁﬁ?ﬁ%msﬁﬁﬂ’ od

;
reduction treat fEREHD thxlf)‘f‘% °§¥58 in the pro-

cess conprises ﬂmwmmmm(ahm@n&x@ﬁ@ @atd eﬁt&mg@e@— water. 14. A
process accor di bgrtselettedrfiomwtize grouph eonsisting of hetgropaly-r eacti ng t he
ethyl ene and oxygeds afiditHeiPsgRgnce of a cat aI yst at a tenperature of [err]

to [err] C and ugdey 5 C according to
claim1l, V\,herel n 2heApr - agé B%n%es re ’S\Y@é’%ﬁ@ E&ol unme of
et hyl - ene, COMPIIFge PLh qtef mbm of steamin

a gas phase. 16&mhmgmpcommm§oﬁpmmmpsxﬁcmﬂmmmg reacting
ethyl ene and oxyt@mihind, h%e?ﬁﬁ&ﬁﬁﬁ? tHtanida, 2 zitctHiuh® MBdrdhg (a) nmetallic

Pd, (b) at least yaft Yd°thromium, and at least one poly-atom se-
lected from the group consisting of molybdenum, tung-
sten, vanadium, niobium and tantalum.

3. A process according to claim 2, wherein the
heteropoly-acids are selected from the group consisting
of silicotungstic acid, phosphotungstic acid, phospho-
molybdic acid, silicomolybdic acid, tungstomolybdo-
phosphoric acid, tungstomolybdosilisic acid, tung-
stovanadophosphoric acid, tungstovanadosilisic acid,
molybdovanadosilisic acid, borotungstic acid, boromo-
lybdic acid and tungstomolybdoboric acid.

4. A process according to claim 1, wherein the .
heteropoly-acid salts are metal or onium salts in which
the hydrogen atoms of an acid formed by condensing
two or more inorganic oxygen acids are partially or
entirely substituted by one or more metal or onium
cations. . |

5. A process according to claim 4, wherein the metals
by which the hydrogen atoms of the heteropoly-acids
are substituted are selected from the group consisting of
the metals of the Groups 1, 2, 11 and 13 of Long-Form
Periodic Table.

6. A process according to claim 5, wherein the metals
by which the hydrogen atoms of the heteropoly-acids
are substituted are selected from the group consisting of
lithium, sodium, potassium, cesium, magnesium, bar-
ium, copper, gold and galliume.

7. A-process according to claim 6, wherein the
heteropoly-acid salts are selected from the group con-
sisting of lithium, sodium and copper salts of phospho-
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(c) at |east one member—selected fromthe group consi Iﬁgﬁ:.ﬁ?@dané Z%HEgT
el enents of 14, 15 and 16 of the Long-Form Pgétieoal&ﬂ' @ A
process acc m Ei! 6, wherein ghe conponent Cedt 7f
the group consistic er 5|Iver tin, lead, anti rmny blsrruth
seleniumand tellurium éﬁﬁ{oces CCOI’dI ng to claim 16 V\/nerel n

the netallic el emerflngSs lphéc’@oﬁﬂén BRb &Mt cappemsalis of a
conpound of the el esthwnmgnmaprd)cess according to claim 16, wherein the

heterOItooly a}gndﬁ comg,i AepfircesieAcicrdihgne l8ith o WheiFeid the' prp &
consisting of phos c ni | tani um
21t coni um m%ﬁ'& } ﬁ&mﬁwﬂgn@@“ﬁ%%@ﬁ%@m Se-

| ected fromthe gr @‘t" -of nol'ybdenum tung- sten, vanadi um

ni obi um and t ant al um9.28. proqess aseordingrtdi olpim Ic wahereia, théreatin t he

het er opol y- aci ds arlgsteof IﬁshsfthUThbﬁﬁp&ﬁ Qﬁide(b)\l ggoﬁédbgﬁtungsél C
stli | ybdi c aci

aci d, pholspggt ungﬁtd , phgspho nol ybdi ¢ aci d r
t ungst ono (0] oS C acl tun SI1 L1 SI acl un
st oganadopﬁospholrol c ﬁ‘:& $@6’99§§ Pﬁb@?@cbdwm%d@%ﬁ@%‘om lisic
aci d, boroungstic m:acommalmmus substance. bor onol ybdot ungstic aci d.
21. A process accor dillg Aopebetss h@comQ to tdlaimhe 1] owﬁeyeﬁpltﬁesal ts are
metal or oni um sal ighdghsiftistance is selected from the group consisting

of silica, diatomaceous earth, montmorillonite, titania,

activated carbon, alumina and silica alumina.

12. A process according to claim 1, wherein metallic
Pd of the component (a) is formed by supporting a
palladium salt on a carrier and then subjecting the palla-
dium salt to a reduction treatment.

13. A process according to claim 1, wherein the pro-
cess comprises reacting ethylene and oxygen in the
presence of water.

14. A process according to claim 1, wherein the pro-
cess comprises reacting the ethylene and oxygen in the
presence of a catalyst at a temperature of 100° to 250° C.
and under pressure of 0 to 30 kg/cm2G.

15. A process according to claim 1, wherein the pro-
cess comprises reacting 5 to 80% by volume of ethyl-
ene, 1 to 15% by volume of oxygen and 1 to 509 by
volume of steam in a gas phase.

16. A process for producmg acetic acid comprising
reacting cthylene and oxygen in the presence of a cata-
lyst comprising (a) metallic Pd, (b) at least one member
selected from the group consisting of heteropoly-acids
and their salts and () at least one member selected from
the group consisting of metallic elements of Groups 11,
14, 15 and 16 of the Long-Form Periodic Table.

17. A process according to claim 16, wherein the
component (c) is selected from the group consisting of
copper, silver, tin, lead, antimony, bismuth, selenium
and tellurium.
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the hydrogen atons of an aci‘d formed by condensing two or nore inorganic
X’mﬂl@ﬂ” tially or entirely substituted by pae—ar -

l mmm mk« process according to claim 21, wheReEPLACERENGISEETD)
whi ¢h tche'-hydrogerr atons of the heteropoly- acids are jsubstituted %_Q%
seI ected fromthe group con- sistingof £Re metals of theaﬁrauisAlG 11
and 13 of the Long-Form Periodic Table. 23. A process ‘secord ding—taelal o
22, wherein the netals by which the hydrogen atons of the heteropoly aci ds

are substituted are selected fromthe group con- sisting of lithium
sodi um potassi um cesi um magne- sium barium copper gol d and gal |'i une.

24. A process accord =r salts are
selected fromthe g{p ‘Pg%;%}f?:% ng(e#lgu&mﬂgmhg %?pgn cop t%f salts of
phospho- t ungst t (o] esent
silicotungstic aclmetﬁlsorﬁa pompsmdcaibthb element. ai m 16, Wnerel n the
proportion of the c foé& %é&ofcﬂhg'ciolcﬁlﬁi q(r? Qrﬂ%lﬂﬁoth@
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at | east one nenbefromith e@"@mm&lmg Oﬁl%ts Bf boren; um SOdI um
S ot oty gmmﬁ;’i;qm gfggﬂggm;sgffmgst et
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and (¢*) at |east lected from the group consmmipff)sf molybdenum, tung-
sten, vanadium, niobium and tantalum.

20. A process according to claim 19, wherein the
heteropoly-acids are selected from the group consisting
of silicotungstic acid, phosphotungstic acid, phospho-
molybdic acid, silicomolybdic acid, tungstomolybdo-
phosphoric acid, tungstomolybdosilisic acid, tung-
stovanadophosphoric acid, tungstovanadosilisic acid,
molybdovanadosilisic acid, boroungstic acid, boromoc-
lybdic acid and boromolybdotungstic acid.

21. A process according to claim 16, wherein the
heteropoly-acid salts are metal or onium salts in which
the hydrogen atoms of an acid formed by condensing
two or more inorganic oxygen acids are partially or
entirely substituted by one or more metal or onium
cations.

22. A process according to claim 21, wherein the
metals by which the hydrogen atoms of the heteropoly-
acids are substituted are selected from the group con-
sisting of the metals of the Groups 1, 2, 11 and 13 of the
Long-Form Periodic Table.

23. A process according to claim 22, wherein the
metals by which the hydrogen atoms of the heteropoly-
acids are substituted are selected from the group con-
sisting of lithium, sodium, potassium, cesium, magne-
sium, barium, copper, gold and galliume.

24. A process according to claim 23, wherein the
heteropoly-acid salts are selected from the group con-
sisting of lithium, sodium and copper salts of phospho-




group consi sting OfTbI snmuth, seleniumand tellurium 27. A process

accomg%merel n the catal yst conprises t-he—eenporeht: S5 -
¢ ng

(b) and- on a carrier. 28. A process acg
where| ““ \w F rises a porous substance. 29. A P
to cl a| e porous substar®de i s sel ected fif oget:Re.-gr-oLHp-----

consi sti" ng of silica, diatomaceous earth, nontnorill onite—=HF+ar
activated carbon, alum na and silica alumna. 30. A process accordl ng to
claim 16, wherein netallic Pd of the conponent (a) is formed by supporting
a pal | adi um sal t okungsticracid and lithinmuspdivimgndheopparasales wh salt to a

reduction treat menijligdtunysbicoaéitk according to claim16, wherein the

process conprises re | RJ Y/ t Rvhet vvater 32.
A process accordi n ﬁap?ggé&se%%ca%%&g ﬂ?rblhﬁ:u &Gﬁ nggg%qr eacting the
et hyl ene and oxyge s@ffc@%’ﬂpg nEn{s, I Pre of [err]

to [err] and under (h()ﬁ éo gomcdeculemqeﬂi]to E@gﬂt@ﬂ’é‘cess according to
cl'ai m 16, wherein th@erACppecesTRccording s idlgith 16, @tersin theme of et h-

{,LSQ? 1 to 15% by c%%%?c%hﬁﬂ&?fhﬁé%&dﬂbﬁ%‘&(ﬂ'ﬁﬁ’étﬂﬁ@i’a Ina gas
(b") at least one member selected from the group con-
sisting of lithium, sodium and copper salts of phospho-
tungstic acid and phosphotungstic acid, silicotungstic
acid lithium, sodium and copper salts of silicotungstic
acid and (¢') at least one member selected from the
group consisting of bismuth, selenium and tellurium.

27. A process according. to claim 16, wherein the
catalyst comprises the components (a), (b) and (c) sup-
ported on a carrier. |

28. A process according to claim 27, wherein the
carrier comprises a porous substance.

"~ 29. A process according to claim 28, wherein the
porous substance is selected from the group consisting
of silica, diatomaceous earth, montmorillonite, titania,
activated carbon, alumina and silica aiumina.

- 30. A process according to claim 16, wherein metallic
Pd of the component (a) is formed by supporting a
palladium salt on a carrier and then subjecting the palla-
dium salt to a reduction treatment.

3L A process according to claim 16, wherein the
process comprises reacting ethylene and oxygen in the
present of water.

32. A process according to claimmn 16, wherein the
process comprises reacting the ethylene and oxygen in
the presence of a catalyst at a temperature of 100° to
250° C. and under a pressure of 0 to 30 kg/cm?G.

33. A process according to claim 16, wherein the
process comprises reacting 5 to 80% by volume of eth-
ylene, 1 to 15% by volume of oxygen and 1 to 50%
volume of steam in a gas phase.



