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EP 0 490 507 Bl Descri ptien The present invention relates to a catal yst
useful for the oxidation of ethyhE b qtlc acid, as well as to the
process for such oxidation using EE’ %8?&] yst. 5 It is an object of
the present invention to provide a novel and superior supported palladi um
met al cab@gcwﬁﬁonfor the production of acetic acid by the oxidation of

ethyl ene with nol ecul ar oxygen. Another object of the inventionis to
provi de a RRY BreseRf iNVeRifoh rdistés tb B Ratarydt dskul @ the foxiadtiby bfeglekedto acdtit bdd, as iwell assi ng
such cat @lieSiroce$d iaichdxidedh ssingesach@talystas aspects, features and advant ages,
of .t he pr estatan iobjec ndf it@npradeht! imlastoo e piblide apest emd superinmsepportadspaliaiuat metal Of

t he—g pectdtdlystibi theproduation wtiacetls deiddy Ypasiddtion ofethalend wth eofedulerioryged.ai ns. These
and ot her dbptesr bejec otthe mkantandsltolpyovidh @ npvebrreqess forfheeridatinn of eihikneithacticessiddi ng
t o one assi@gouchdatalystof there is provided a process for nmaking acetic acid
whi ch conprathee sbipais @8 iwell 38 rpseecisefatiied and advantaqenaf i Prasrt it Ml PeeRPg en
i n t hdo pprRP3EpidramFconsiderfionpf the spacifiegtion, @HP%\W%P%?’G?'WX%W d the gRSHy opor ti ons
i ndi cat ed OYeserqad P?’?%‘f"e fctHPYﬁﬁ' by thpcprasent jnventl cgorgi o 87%3 ?@

sel ect edt rledﬁpr@tjded proezﬂ akl trol ac hsconaﬁ' Te 3 ?rhon%e yl

a I s fr o %ﬁl Y $ Il'?t %pregen?ertgﬁ,'sglgr cg;ga% gi er?n an prgpcrtgms n lca

val ue su ¥ ¥ Slergﬁf'c fgmil i sfy the val ence requirements of the other eI errents
presen , pERRETMRET Ekfimay catal yst contains crystalline Ti P207. 25 In
the above ’?wrrfuf‘a TQ ?)2 usually from0.005 to 0.05 nore usually from

0.002 to,QP4, and c is usually not less than 0.8 nor nore than 2, nore

of ten not QRlseldetetBromiie Au, a8, akaibHstaldardikamb 8arinymetds, | east 0. 0001 a. We
hw fapund Jiffdm bbswsesostal [ ine [err], titanium pyrophosphate, is not only
an—ef f ect i was sl zéiepizani cal |y tough phyS| cal support for the palladium
conponent afis 0.be® xRuml yst, but also contributes to the 30 catalytic
activity. 'Misisyalw sofitiont jossttisfyetievalancetreqaiiomdnisrof he atberzlemepponetent. and in U, S,
pat ent 3wi@édn 88 cylysbepntains srystéilinn TiPaDA t he yiel d of acetic acid from

et hyl ene aritithe rijaye fermulayhads estally from 008% EIO?P§ mowruquﬂlef“m @8Q2r{e 0.P4i g B ystaliot e
exanpl es ngtjesathen €6 nesaoe hane?, PPNt @eBl8nd C. 7 herein. In another aspect
of the i nvaMiendhis usedy s usaly ey (PpY 8908 2a.pr ocess for OXI d| ZI n et hylene wi

nol ecul ar ¥ @i feynd: it é@’é‘ﬂl‘:’@ B?zoa Eté’l“&‘P §'Pp"g§:1h ctive a'ﬂ‘%h

reaction "thaﬂgg@ﬂg plysi ’l)zﬁt 0 8“%6% H;efg’ zjﬂe

I nt rOd&CP HIC l'ls ?ﬁT fr h2 o an ygen @hmsp[ He t iaeah 9f(ihe
§b§ @éi% th ene.

produces o n:1 ion. NoQS’exam
a practi 86? \; o

| § bsphtt of 1o je}{tloh r:ilrlerrep L{J(F&nd&? QSr dxmzﬂg tetﬁ?leﬁeeﬁiﬁt hélstuaP ne
along w tbﬂgg it the presence of a catalyst defined above.
35 The reaction of oxygen and ethylene to make acetic acid does not require the introduction of water into

the reaction zone, although the reaction produces some water by the unwanted combustion of some of the

ethylene. As a practical matter we usually introduce some water into the reaction zone along with the
_ ethylene and oxygen, since it appears to promote the conversion of ethylene to acetic acid. Many of the
b- specific examples include added water in the feed.

40 The oxygen in the feed to the reaction zone can be pure oxygen gas or, alternatively, an oxygen-
containing gas mixture such as air or air enriched with oxygen. In addition to these materials the gaseous
feed mixture reacted in the process can contain other diluents such as carbon dioxide, nitrogen or acetic
acid, as well as reactive diluents such as acetaldehyde.

The ethylene feed to the reaction zone can be substantially pure or, alternatively can be impure in the

45 sense that it may contain even large amounts such as 90 mol % or more C; to Cy saturated hydrocarbon
gases or vapors as diluents.

The following specific examples are illustrative only and are not to be taken as limiting. The empirical
formula of each catalyst is shown at the beginning of each example. The catalyst examples of the invention
contain crystalline TiP207, titanium pyrophosphate.

50 In making the catalysts of the invention, it is necessary to heat or calcine the composition sufficiently to
result in the formation of the necessary TiP207 crystalline phase. This is not accomplished at calcination
temperatures up to 200°C. It is accomplished in those specific examples of the invention which are
calcined at temperatures of 400 to 850°C. What is not known is the lowest temperature at which TiP20;
can be formed below 400°C and above 200 *C, but this can easily be checked by routine trial and error by

55 calcining at various temperatures at various times and then subjecting the resulting calcined composition to
X-ray powder diffraction testing to detect the presence of the crystalline compound sought.



et hyl ene and oxygen, since it appears to pronote the conversion of ethylene
to acetic acid. Many of the specifjic gWﬁ I ncl ude added water in the
feed. 40 The oxygen in the fe ? action zone can be pure oxygen
gas or, alternatively, an oxygen- containing gas m xture such as air or air
enriched \dohBarfiy BRMple D2 AEHalb ¥ iPolAB5€ materials the gaseous feed

m xture reacted 1n the process can contain other diluents such as carbon

di oxi de, ni t4©geMPdiNO;RCRE dissoled (/. 108 I drRilstilled WatoS 8.2 igio¥ 85%] phodghdlicackiind 1258 g
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hydr ocar b@fo gt howrs.vapors as diluents. The foll ow ng specific exanples
are illustrative only and are not to be taken as Iimting. The enpirical

f or nul a ofComarritive BxapiplpPt wiPd4#ebiaPOeBiOe he begi nni ng of each exanple. The
catal ys® exanpl es of the invention contain crystalline [err], titanium

pyr ophosphat He pegedure was thegsamp gs psed incompargtive exagipletlexcent iatA7i0g-of phqsphagc acid
necessary #HHEAP! sfa PLYX? 189t he conposition sufficiently to result in the
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conpound sioerghior 20zours. EP 0 490 507 Bl Conparative Exanple 1: 2 wt %Pd/ 15
[err] 2.6 g of [err] was dissolved in 100 m of distilled water. 9.2 g of
85% phosplompa@atze Eximpled: TP&%POg of Nal co 1034A silica sol (34 wt%([err])
was added. The mi xture was refluxed for one hour then evaporated 5 to a
t hi ck past e. Paltriumseshlaty (ev ol whedurded i BROrmi obdistiller witar andyhagian theglvtly for Blmingl.
The porti 680 fhiPhesrhese seid @5k Hulth. DA4S49)es Gadadi tade Y faliewed by, 190 gygktitanium
retai ned ¢ipxighdhe midure ey avgpariadHy adieipasig dhopddec iy the ?Yé‘?j(”blo'[:e‘f'%%‘gf'ﬂﬂm-fbe
hours. Corfpsrvae i%n@agrfgqe@wz 1o pasy fhyougin2.6 Hﬁfdﬂﬂ poshy and by dotaingden ASCip8R d
in comp¥r JFTRAS-%LRT PpPNeT (35 mpdhd o BfFiaTton YasPeo 8P phosphori ¢ acid and 82.3 g
of silica &g&ple\/\grﬁ,dus%i. Exanple 1: [err] 15

0.03!

Palladium acetate (11.13 g) was slurried in 500 mi of distilled water and heated the slurry for 30 min at

35 ~80°C. Phosphoric acid (85% HsPOs, 173.4 g) was added to the slurry followed by 120 g of titanium
dioxide. The mixture was evaporated to a thick paste then dried in the oven (*110°C, air) overnight. The
solid was broken into pieces, and calcined for 16 hrs at 400 C. The final solid was ground and screened to
pass through 0.84 mm openings (20 mesh) and be retained on a screen having 0.5 mm openings (35

W mesh.)

40
Example 3: TiPdy0sPOx

A portion of Example 2 was calcined for an additional 16 hrs at 600°C.
45 Example 4: TiPdp ¢3POyx
A portion of Example 2 was calcined for an additional 16 hrs at 800° C.
Comparative Example 4: TiPdg g3POx
” A portion of Example 2 was calcfned for an additional 16 hrs at 1000° C.

Example 5: TiPdg.04P1.330«

55 The reagents: 3.71 g of palladium acetate, 57.8 g of 85% phosphoric acid, and 30.0 g titanium dioxide
were combined as described in Example 1. However this sample was calcined in air for 16 hrs at 400° C.



Pal | adi um acetate [err] (3.71 g) was added to 200 m of distilled water.
This slurry was heated with S“”'bfl% tsoglgqut [err] for 30 mnutes. By the
end of this tine the slurry was Er rown and a portion of the palladium
acetate had dissolved. To this slurry was added 57.8 g of 85% phosphoric
aci d, foElmpr@: ivdLdre,addition of 40.0 g of titaniumdioxide. This slurry
was then boiled and dried down to a thick 20 paste. This paste was pl aced
i n a dryi ngheprecedars wahibe sanjecss with Examglie Grekesgt 400ey ol tigiiim didtidecwerelusgd.ng t he
solid was ground and screened. The through 0.84 - 0.50 nm (20 on 35 nesh)
porti on et TiPdedPds®x ai r at [err] for 20 hours. Conparative Exanple 3:
[erf 25 Pal |l adium acetate (9.276 g) was slurried in 500 m of distilled
wat er and [Teepreepdur aassihe pamp a8 with Bxample § exeept ¥y0rg of tiipnjys dindds wereesed ( 85%
[err], 144.5 % was added to the slurry followed by 100 g of titanium

di oxi de. Bpwledt XiPYpoFosBs evaporated to a thick paste then dried in the oven

rY, ai ' : ' .
b 6%l oportPhuSSie A panes i Ve ket . eSS i RE 5 6T

openi ngs (.35 resh) . cal cination was perfornmed. Exanple 2: [err]
Pal | adi u'rEn’(ag'&?frsgf'EA“C”ﬁQIS g) was slurried in 500 m of distilled water and

heat eqgt he \5hay f¥or loRfined Watdl, 11.88 g 8Pp u{g‘i;ﬁr{ ditratd, BP5 BIWP Bb% pRbsbibrit 80dahLid d ol 73 4
9) was aggh Eﬁxiéjwer§Ldefn¥d.fTﬂ Lic apbrated  Dthick bisf Vit HigH 1h6at! B8 pastdifas

M Xture Yag tdAgHR bRi169C, lgRumd 4ndiserkonBd Shethb 08M 1o 508 bdtticie ke @208 nlesH) Bbrtidn.
air) ovewsd @lined 3260 - linddr a3& 1BMEEN I nto pieces, and calcined for 16 hrs
at [err]. The final solid was ground and screened to pass through 0.84 nm
openi ngs Exaapleeshitd,aRshedle ret ai ned on a screen having 0.5 nm openi ngs (35
mesh.) 40 Exanple 3: [err] A portion of Exanple 2 was cal cined for an

addi ti onal Thé ptoceduet wisghe pamedds iEExamplee? £xcepied.19 g Af palladiunp acetpte, BR-Brgpdf 852 was
cal ci ned pifagphorgacisclahidt40 i titargunhdioxidetwe®0@ed: C. Conpar ati ve Exanple 4: [err]
50 A portion of Exanple 2 was calcined for an additional 16 hrs at [err] .
Exanpl2e Exanpleri]TiBgsePOx  The reagents: 3.71 g of palladiumacetate, 57.8 g
of 85% phosTphori c acid, and 30.0 titani um di oxi de were conbi ngd as. __
descri bed i ES?&?ﬁHTeewaf th‘?—@%‘?\(%‘r'."t Xaraple, 4 except §PR.0 of, pallpqiumy agefate, 5¢.2 g,0f 8pge |\ o

at [err] p_hogphoric acid, and 40.0 g of titanium dioxide were usad.
30 Example 12: TiPdy o3P0y '

The procedure was the same as in Example 9 except 3.71 g of palladium acetate, 57.8 g of 85%
phosphoric acid, and 40.0 g of titanium dioxide were used.

35 Example 13: TiPdg.02P1.010x

The procedure was the same as in Example @ except 247 g of palladium acetate, 58.4 g of 85%
phosphoric acid, and 40.0 g of titanium dioxide were used.

40 Example 14: TiPdo_o1P1_ozox

The procedure was the same as in Example 9 except 1.24 g of palladium acetate, 59.0 g of 85%
phosphoric acid, and 40.0 g of titanium dioxide were used.

45 Example 15: TiPdp o3P0y

Palladium acetate (3.71 g) was added to 200 ml of distilled water. This slurry was heated with stirring at
about 60-80°C for 30 minutes. By the end of this time the slurry was dark brown and a portion of the
palladium acetate had dissolved. To this slurry was added 57.8 g of 85% H3POs, followed by the addition

so of 40.0 g of titanium dioxide. This slurry was then boiled and dried down to a thick paste. This paste was
placed in a drying oven set at “110°*C, and dried overnight. The solid was then broken into small pieces
and calcined in air at 800° C for 16 hours. After calcination the solid was ground to 0.84 to 0.50 mm (20/35
mesh) particle size range.

55 Example 16: TiPdp go3POx

The following reagents: 0.3345 g of palladium acetate, 52.0 g of 85% phosphoric acid, and 36.0 g of
titanium dioxide were added to 200 ml of distilled water. The mixture was heated at 70° C for 30 minutes.



EP 0 490 507 Bl Exanple 6: [err] The procedure was the same as with Exanple
S except 40.0 g of titanium di oXi g W‘E . 5 Exanple 7: [err] The
procedure was the sane as with Exanple except 50.0 g of titanium dioxide
were used. Exanple 8: [err] 10 The procedure was the sane as with Exanple 5
except 60.10e Boabvas thénandraaBddcin® ¥e GRirry\RésSovhisortbd 16X BitR bested The w261 Iwad Gried overiighl 50
m of di stat bdoed, girin@fand scleehddl, ghdcthe 20¢85|nssdh piattianiof thatsalid was cdcigpd @f 7®580in air for
phosphori asaairsl and 40 g of titanium di oxi de were conbined. The slurry was
evaporated to a thick paste with high heat. The paste was dried overni ght
at ;[err}, EproRnty: diRdod®eened, and the 0.84 to 0.50 mm particl e si ze (20/35
me§ha portion was calcined at [err under air for 16 hours. n‘gl e
10: [err] Theslipium asaislecdfifsa) waw disslys laszo? ik | geetiy ae%d@ﬁt' wgs '169“’ t<b18

pal | adi umf%rc@t'a't‘ Ph°5R§1°@ idh{85% B @} pes agdpd,to e, golytign dp °8fbyt

o A A R R e

Exanpl €"9 BxH8pY 'mag
acid, and " 3@ ?fpi’fd&'c'?edq‘ i Ide Were used 30 Exanple 12: [err] The

pr ocedure i n Exarrpl e 9 except 3.71 g of palladiumacetate,
57.8 g of ég%ﬁ}ﬂé% ﬁ%%ég"m d, and 40.0 g of titanium dioxide were used. 35
Exanpl e,13: ﬁaﬁiﬁd’u]m agaﬁte éQ\FQQ\HE Sdd0@R 12D Fu SrRHGRIe alsf) TR SR vias RediBeGRtR tirdng’el J

of pal | adiMp 8686 @1 16n 5 MiRutés. Inen2.099%r PRRASIHN Alirkts waddded BRHS sthily EnddhdHeatirighvasi um
di oxi de Wepbhtinkiszast 304RIndRsABPIG ordiof titinid thd BBy GaH WFodn \4RBa hdiion HEINE palSditng
Exanpl e 9 a6 pid dissdideddTdothis Biafry el dddedesaatgndf 85% POPE), Blldwed Bypfie pduiidh BI4I0Q of

aci d, and tifddiuf dipxidb. Thist shufry Was ehed Koilde aniedrizd d6vartlto adbickpaawpThis dSte wWae bladed in a

Pal | adi 2sm daytret axbresef &.~ 71D * Q) andvelided adkataight.t The 24lI0 wad that brekers infol pieeek and taeined Trhairsat
siTrry wassodeafoe® hairs.hAfst calginatiny the salith mas gjoendrt 200t 030 ram LSS mesBypattinle sized
of this tirmgethe slurry was dark brown and a portion of the palladium
acetate had dissolved. To this slurry was added 57.8 g of 85% ([err],

fol | oned Hyerme!%d@roiken"So of 40.0 g of titanium dioxide. Th| s sl urry was

t hen bof® ed and dr ed dovvntoath ck at Thi s te was '
dry| ng oven (E (T 1149 % tocﬁ?gfrﬁ |Iled P?@FS r t§w I IKI a9
into smal 1% '?°§r§%°38° c?afP'B T&ﬂ é‘i} Ip njtratp was gqde rﬂf?‘pogzznhgf :"g
cal cinatio alla[ctl:ﬁlm acgate sso is surry ‘W #{g F@ﬁ@ 43 f°ﬁm’§‘p y ﬂg &d't%ﬁ ©
of 36.0 g of titanium dioxide. Thls slurry was then boiled and dried down to a thick pasie. This paste was

placed in a drying oven set at 200°C, and dried overnight. The solid was then ground and screened; the
0.84 to 0.50 mm (20/35 mesh) portion of the solid was calcined in air at 700° C for 16 hours.

si ze rapg

Example 20: TiPdg.q3Kp.07Cd0.03POx
35
The procedure was the same as in Example 18 except that immediately after the addition of potassium
nitrate, 1.80 g of cadmium acetate was added to the slurry.

b. Example 21: TiPdg3Cag.07POx
40
Palladium acetate (3.71 g) and calcium nitrate XH20 (6.58 g) were added to 200 ml of distilled water.
This slurry was heated with stirring at about 60-80°C for 30 minutes. To this slurry was added §7.8 g of
85% HsPOs, followed by the addition of 40.0 g of titanium dioxide. This slurry was then boiled and dried
down to a thick paste. This paste was placed in a drying oven set at 200 °C, and dried overnight. The solid
45 was then ground and screened to produce a 2.0 to 0.50 mm particle (10/35 mesh) portion. This 2.0 to 0.50
mm particle (10/35 mesh) portion was calcined in air at 800 °C for 16 hours.

Example 22: TiPdo,osNauJ 2P Ox

50 The procedure was the same as in example 21 except 5.05 g of sodium nitrate was used instead of the
calcium nitrate.

Example 23: TiPdu_oacao,o(nPOx
§5 The procedure was the same as example 21, except that 2.23 g of palladium acetate, 120 ml of distilled
water, 0.396 g of calcium nitrate hydrate, 34.7 g of 85% phosphoric acid and 24.0 g of titanium dioxide

were used. Calcination was carried out in air for 16 hours at 700 C.



55 Exanple 16: [err] The follow ng reagents: 0.3345 g of palladi um acetate,
52.0 g of 85% phosphoric acid, arﬁ; é’,& (}‘Bgﬂf titani um di oxi de were added to
200 mM of distilled water. The mxtur S heated at [err] for 30 m nutes.
4 EP 0 490 507 Bl The heat was then increased and the slurry was
evapor at eghmipR 22: i, LEaR@Pog.- The paste was dried overnight at 200 C, ground
and screened, and the 20/ 35 nesh portion of the solid was cal ci ned at
[err], in &ahe plocadurdtval telsame & exbrEeTPl €xcdpt thaf €038]g dPadidivsl hitiie RRRlaVes (s3d.7 14
g) was dCdgutioreebsicari@Dat inlair & 1ghraeti 780 Gcetic aci d which was heated to [err]
for 306 m n. Phosphoric acid (85%[err], 57.81 g) was added to the solution
f ol\FOwed Congraratie Exampler5:iRQH oxi de (40.0 g). Using high heat (hot plate) the
slurry was evaporated to a thick paste. This paste was dried 10 at [err]
| n a| r OVEI‘TﬁI l of pistilled weteriwhighawas fhegtedde B0BRI Gries sdded SR8 @ of 8% pi@sphericcacki nm
‘é\f‘?? g I%@a%d'@%ecﬁ'?eﬂ"’ﬂ dfas gvapgratechen highy hept (hatplgiehioe thigk paptar r |
15 "’P “ E; Hgg? iR dround ductiecre "99292Prf°%'-?°'mé@{3ﬁm@ﬂ')ﬁéﬂder

Thi's sl UPZIXGHf action was scr o q@f ‘6% ﬁeracia Icgﬂt%? Ogﬂ)toéb'so,\mr@(qngﬁ "!93*Prf’?ﬂﬁ'ee§ze Then
2.07 g Of g |$§1§1for;' th{; synihigsis r
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di oxi de. rel&ibrSwas! fittbd Yato\@S elbdiR By HRbtb& Sumiash-1ile BfacdOBhseb® Bodsth e ﬁ*ﬁr%rs
paste Wagonfbiies Byl eleBironic Ahbssl idw BEhtrONSRN liuRit fostls v[eﬂi’ bumped. i the rbR@r GIRYT £ Wald}s: The
sol i d wamtoden6g0 kjuiakehidmaiogrephPiuepE Shof WdreCAbdiizetEsHot 1 cdhthctind the Rbtallstibed. MBedsOUr S.
A{ t er 2¢ alverb passbd thrduble R Orbactbr Wathe GGG corligiation.t Rbafloroflessiie (Wh catfroldd Sith a

parti cl eTesconeback pgesuretrsguigpr.e 19: [err] 25 Pall adium acetate (1.114 g) was
added to 208tayst wa$ tegted inithd forh afpérticles gidundstosizel013§-1.88 mrtie dimeleniihe fracsion whichng  at
about [ epaspedf through 1 mathebut nFh4nmdashR Jhe) restton effluests wasnpassed riarough vaadistélett watert o

t he sl ur pojublgivhich avas ehillep wish sa dn erdantd dissele albliquig Prodiata. Teesremalging grseaus diraaf t hi s
time he%a Walyzpd\hy Jag| shramatnaiarhy ih athgengosthane rmefiane. [psygea | nitearny parkos avaaexideh ad

di ssol veEPd ?%b‘l"h?"%x"?l affnfegf wWie ligeid etgrubber osagplgt wapsanafveed: for acefplfehigad adpnelhe
addi ti on®t °6‘Fte B" i #oalii AR yriRg, A wossinkpds mehyk silsonn, capiliprk FolyBN | ie @ and

dried do zé % fﬁ ng;ﬁ’aphTﬁ?eé'c ﬁ%i% fes gless aysntipiedyvia H"%P'U'I’%gr?gBrﬁ\'f'@?P €% at
[err] g ed. the 0.84
{0 0,3 b o ;:fea" ipayhekide e kAl i Uik et Yun 40
for 16 h%@egexa ne skilled in the art. For instance, as the temperature, and especially

as the pressure, is raised, |t becomes increasingly difficult to control the exotherm, to the point that a

runaway reaction can occur. In that event, the addition of a moderator element M, or the lowering the

35 concentration of Pd in the catalyst composition or both, generally tends to allow the use of higher reaction
zone operating pressures while avoiding an uncontrollable reaction zone temperature increass.

As will be evident to those skilled in the art, various modifications of this invention can be made or

followed in the light of the foregoing disclosure and discussion without departing from the the scope of the

Loy claims.

50
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35 The procedure was the sane as in Exanple 18 except that inmediately
after the addition of potassium niéﬁe § &FEP g of cadm um acetate was
added to the slurry. Exanple 21: [err]td% al | adi um acetate (3.71 g) and
calciumnitrate [err] (6.58 g) were added to 200 ml of distilled water.
This slurry was heated with stirring at about [err] for 30 mnutes. To this
slurry was added 57.8 g of 85% [err], followed by the addition of 40.0 g of
titani um di oxi&’e:ﬂ This slurry was then boiled and dried down to a thick
paste. This paSts blaced,iQ g dgylng gven set at 200,G, and dried

over ni ght . Theés‘gl;,\%sﬂ&xvas & han :?ruauﬁd.:a-adés&-r eeneditd grgduce a 2.0 to

0. 50/ nm parti cfees|( 107 35 Tesh) portion’ Thi's¥2.0 to 0750 fmiparticle (10/35
mesh) portion ®Way calcined in air at 800 C for 16 hours. Exanple 22: [err]
50 The procedure was the sanme as in exanple 21 except 5.05 g of sodium
nitrate was used instead of thg calciumnitrate. Example Zgz [err] 55

The protedureSyad the Saeray Axaimke<2t, segcedto thak . 23=g of palladi um
acetate, 120 P gf & stiTIRd®wat €7,*0?396™g of™ cal®iinftnPt¥fate hydrate,
34.7 g of 85% phdsphoric acid and 24.0 g of titanium dioxi de were used.

Cal cination was carried out in air for 16 hours at [err]. 5 EP 0 490 507

Bl Exanpl e 24:, [err]oThetpnogeture ¥al tthe Samt ase exa®preS21l except that
0.039 g of cakxjyim @t?a?\eﬁh%d?at% YegeSuSes. LT A rgtTo8 Ras carried out
inair for 16;g1r§| atél?EO,.;Cg éorma,r,a;;i MemEXanpl& 5;]_3:[.er.n] 10 200 m  of
distilled water ich wal HeRt8d IOS[RrEIS Rass & .§"‘of 85%.
phosphoric aci® %/gl I%V\édgb& gO‘.’%O 3 %fgztﬁt gn%ﬁrﬂ éf?;l%esg hgs slurry was
eyapor ased onr“%’u h hgak £hatSpRat®)StE & EhRclS fastes J0S Sanple was dried
in—air at rt§ !®lSanpl e was ground and screened to 2.0 to 0.50 nm (10/ 35

mesh) sized|particles, calcined in air for 16 hrs at [err]. Afterg
calcinationfa Q84 to 0.50 mm (20/35 nmesh) particle size range fridcti on was
screened fF_': m tdhe|l sanpl e. The conditions for the synthesis runs tg nake
acetic #ci ¢lar e sumMmarinzgdei & theof 8l bowi Byt ablese dhese exi datidn runs

- (%] [=2 [~ =] b= Qo O O O OO O O - (= -
were carri olf n & Bt &i Al &S s¥e®l St bl &r FeAchor SoNt & ning § fixed
bed of thefdesidgnated 15 particulate catalyst. The reactor was egui pped
with a central thernmowell w thin which a thernocouple could §
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be variably positioned in order to probe the tenperature of the catalyst
bed under reaction conditions. ‘&Ed’%@%@r was fitted into an electrically
heat ed, suitcase-type furnace. Gaseo s to the reactor were controlled
by el ectronic mass flow controllers; liquid feeds were punped to the
reactor using a Waters Mdel 590 liquid chronatograph pump. They were
vaporized prior to cepjacting the catal yst bed. Feeds 20 uvvere passed

t hrough the reactor £®jthe downfl ow configurati on. Reactorn pressure was
controlled with a Td3& mbackyressure regul %or Catequyst: was tested in
the formof particlesggro iz % TnYitaget er (the

frg’te*tl on whi ch passg hrﬁmughl'}‘i&snb?h put :l rﬁn <'The react or

ef fl uent was passed Rhough a distilled vvater scrubber whiech was chilled
with ice in order to dissolve all liquid products. The remal ni ng gaseous
stream 25 was analyzed by gas chromatography for ethyl eng et hane,

met haf®, oxygen, ni§trg eNye c.au.bcw Aoy de apd £ bgn dio®i de content. The
liquid scrubber sa@dF§l wag gnal welfog acet & deld/deg sethgnol ,

et hyl acetate, vinyfacetate, and acetl caci @ Usi ng a cross3I i nked met hyl
silicone capillary colum in a Hew ett- P&ckard gas chr omaigogr aph. Acetic
acid was al so quantl t at ed vka,‘tg,t[.,;iu (o]1] qskng g Brigkgeg 665 Dosimat and
686 Titroprocessor.s 30’. n Whid & t-he. parhl guPap tengeiat;ufes and pressures
are not the essences R t hé #nvem NoR, Wt ~sholl & Be 8oBed Ghat.zero to 27.6
barg (400 psig) anf U Ito"'aud.‘.'.abbv.e:[ enr]° < Gndoge gont gob ex&npl e) were
used. These exanpl & |erv§ asgasg@ ge 8o oheoskl N ed Bnatfe ait. For

O~ O

iQstamce, as the tenpeyatarg, ,..aczd,.es:pe;:l al LyZas bh ,_,pLegsﬁre,g is raised, it
beComes i ncreasi ng|Sy| B f f&Rcdl & BoxcGntRol Bha &x & hAarm X6 the point that a

runaway reactrpn can occur. In that evens, the addition of; acrmder at or
element M or®he lowering the 35 concefitration of Pd i n°theé catal yst
conposition 0|" both,® generally tends to al | ow t he use of ‘Hl gher reaction
zone &perati ngﬁ pr esﬁur es whil e avoi ding @n uncontrol | abl e° reauctl on zone
tenperature i reas F§|°b Vhdeﬂtstg hgse sgnLI.edul n&he art,
various nodif|tati orgs" of ¥ hsei nvengl on eam Be n#deNor fobl owed in the
| i ght of the regokng di scl osure and di scussi on w t hout qéepartl ng fromthe
the sgope of ®he clains. 40 45 50 55 EP 0 490 507 B1 [errl C 55
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1. A process for making acetic acid which comprises reacting in a reaction zone ethylene and molecular
oxygen in the presence of a solid catalyst containing the elements and proportions indicated by the
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EP O 490 507 Bl [err]

reacting in a reaction zone et k%/+]§r1§?g§:£ﬁ I ecul ar oxygen |i

of a solid catal yst containing

the 8 EP 0 490 507

1. A proess for making acetic aci dr'm

i ot MM

Bl [err] oxygen in the presence of a solid cataly

containing the elements and proportions indicated by the 8 EP O 490 507

Bl enpirical fornmga;
Ccd, Au, zn, TI, al &8
t002b|sfromz§r&
suffdacient to sati

[err] (formula 1) 5 wher e Nbls sel ected from
nmetals and al kaline earth netal s, ha is from 0. 0005
to 3a cis 0.5to 2. 5 and 10 5 X is a val ue

Sl t e Yalielcs Geqfirefeli § & Ghg ther elenents

present, and Wnere.-m such Caratyst “coft ai ns""cr"yS‘t arl e [err]. 2. A process

of claim1 where i 8%

is fromO0.005 to 0.05. 15 3. A prgcess of claim1l or

claim2 wherein c is not over 2. 4. A process of claimlSor claim?2 wherein
c is not less than O. 8. 5. A process of claim1l or claing2 wherein c is in

t he ' ange from0.8_tJ
proportions indi

where Mis sel ect®ed from Cd, Au Zn,

net al s,
16

20

Feed Hol Ratios
C9/09/N9/H20

25

1 (Cont 'd.)

oc

Temperature

30

TABLE

'bafg

35

Pressure
si

cT
Secs

40

Catalyst
Example
No.

45

Example
No.

50

oxidation
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2.420 Q. oA-sel igd cabalyst <Co8tai g4 fig the el enents and

bys teciegpir hcag f gl r el 5( fror nul a 1) 25
§edogr | b1 n%a |kerret8ai°s aﬁd al kaline earth

exothecra

1/1.79714,173.9

1/1.88/6.1/4.0
1/1.83/14.4/4.0

1/1.87/713.673.}2
1/1.93/14.5/3.2
1/1.93714.473.2
1/1.91715.5/3.2
1/1.95/14.4/73.2
1/1.87/714.473.9
171.88/14.2/71.9
1/1.87/14.2/3.9
1/71.77714.2/73.9
1/1.76/14.0/3.8
171.90/712.8/5.8
When P of Run 52 was increased to 6.2 barg(90 psig) a run

tunavay
CT means Contact Time.

206
200
200
200
200
197
189
201
200
192
184
204
177
163

3.4
27.6.
0
5.5
. 27.6
27.6
6.2
3.4

0
0
0
0
0
30
30
30
400
o
80
400
400
90
S0

1.42
1.38
1.40
1.30
1.‘0
4.5
4.6
2.4
10
43
43
16
7.1

67
"C" means "Comparative".

9
10
11
12
13
14
15
15
16
17
18
20
21
2]
24
24

38
39
40
43
44
45
46
47
48
49
50
51
52
33

4}
42
CE means ethylene.

1. A process for making acetic acid which comprises reacting in a reaction zone ethylene and molecular
oxygen in the presence of a solid catalyst containing the elements and proportions indicated by the



ais fromO 0005 to 0.2 b is fromzero to 3a c is 0.5t

X is a value sufficient to satlsfy ereqwrerrents ﬂﬂi Eﬂ’ u
el enents present, and wherein such? cgsgtygit ﬁont ai ns crysta‘lll H, , ””m
A catalyst of claim6 wherein ais fromO 005 to 0.05. 35 8. A catalyst
of claim6 ogm@&dcaiimllavherein c is not over 2. 9. A catalyst of claim6 or
claim7 wherein c is not less than 0.8. 10. A catalyst of claim6 or claim
7 wherein c pgm,mrbhe gamgenfrom 0.8 to 2. 40 Patentanspr~lche 1. Ein
Verfahren zur Herstellung von Essigsdure, das unfaet das Umrsetzen in einer
Reakt i osszoneneron Et hyl en und nol ekul arem Sauerstoff in Gegenwart eines

f edten Kat al ysa ssdectaidromdideAERZe,braikali metals 2@ alkaline garhavietals. ent hi | t, di e durch
di e enpi ri sche aforeamed.0@htelben si nd PdaMTi PCOK  (Fornel 1) wobei 50 :
M ausgewf filt s tomepso igda Ay, Zn T, Al kalinetallen und Erdal kal i netal | en,
a von 0, 0005 bicds 5 ® dfepndy von 0 b| s 3a betr Agt

betrAgt?™ und x *df ﬁv“\)@rst'ﬂ"f'%"?m Sgfisfy t ?ﬂ“‘,"e"?ﬁ"l? M?Bth‘?éﬁf“(??tﬁ@'?f?ﬁbé’f‘? der
anderen vor h4PRRIMBGN EtalyFLepnains oy '"e rfillen, und wobei ein - sol cher

gagg!syzatso% &EE‘%%%P ?tighlw%ergﬂads %}{_@@ Bkgn nach Anspruch 1, wobei a von
N s .]31'1{‘pchc%]ss%ﬂ'Tlgfmé%}a?lM%ﬂhglE[ Wﬁghé\nspruch 1 odor Anspruch 2

wobel c ni'ch ren nach Anspruch 1 oder
Anspruch 2 %Qﬁéss%féﬁuﬁhtormm'zgﬁlﬁreﬁlcﬁs&&Bsdtﬁanoés 5. Ein Verfahren nach
Anspruch 1 odor Anspruch 2, wobei ¢ imBereich von 0,8 bis 2 liegt. 6. En
fester Katgl X?pﬂ'fcégs,of&!Mhébl'Elﬁiﬂ(ivdlle@lnlihﬁmtrﬁ\gbmdnénw|e angegeben durch
di e ,.enpieri sche Fornol PdMoTi PCOX  (Fornmol 1) 10 wobei M ausgewi hit wrd
a Cd, Auws. Znolitilcatalpéticadtiinngitad dlementsracd frombetiokstihdicutst! dl khe rmpirical formula

PdMpTiP.Ox  (formula 1)

25 where
M is selected from Cd, Au, Zn, T, alkali metals and alkaline earth metals,
a is from 0.0005 to 0.2
b is from zero to 3a
cis 0.510 2.5, and
30 x is a value sufficient to satisfy the valence requirements of the other elements present, and
wherein such catalyst contains crystalline TiP20;.

7. A catalyst of claim 6 wherein a is from 0.005 to 0.05.
35 8. A catalyst of claim 6 or claim 7 wherein ¢ is not over 2.
9. A catalyst of claim 6 or claim 7 wherein ¢ is not less than 0.8.

b- 10. A catalyst of claim 6 or claim 7 wherein ¢ is in the range from 0.8 to 2. .
40
Patentanspriiche

1. Ein Verfahren zur Herstellung von Essigséure, das umfaBt das Umsetzen in einer Reaktionszone von
Ethylen und molekularem Sauerstoff in Gegenwart eines festen Katalysators, der die Elemente und
45 Anteile enthilt, die durch die empirische Formel angegeben sind

PdMpTiP,Ox  (Formel 1)

wobei -
50 M ausgew&hit wird aus Cd, Au, Zn Tl, Alkalimetallen und Erdalkallmetallen,
a von 0,0005 bis 0,2 betréigt, .
b von 0 bis 3a betrégt,
¢ 0,5 bis 2,5 betrigt, und
x oin Wert ist, der ausreicht, die Valenzanforderungen der anderen vorhandenen Elemente zu
55 erfiiiten, und
wobei ein solcher Katalysator TiP207 enthilt.

2. Ein Verfahren nach Anspruch 1, wobei a von 0,005 bis 0,05 betréigt.



a von 0,0005 bis 0,2 betragt, b von O bis 3a betragt, 15
2,5 betrigt, und x ein Wrt ist, defsdbpr@cht, die Val enzia m"ﬂ lllmmmmm
anderen vor handenen El emente zu erft ﬂ%I en, und wobei ein sol cher

Kat al ysat or Ti P207 enthilt. 20 7. Ein fester Kat al ysat or nach Anspruch 6,
wobel a goreivdd@eriash MhsPlactbesder Agpruch®®, whibbenc fiers tnelir aléctistl ysat or nach

Anspruch 6 odor Anspruch 7, wobol ¢ nicht nehr als 2 Ist. 9. En fester

Kat al ysa#.orEimvetiahréaispin shruéh bekier Anspregir 2, erbbev¢ nighh wevigec aly .8t weni ger als 0, 8
ist. 25 10. Ein fester Katalysator nach Anspruch 6 oder Anspruch 7, wobei ¢

i m Berei &h EmYerighren rmclsArZSPliUﬂD‘deef mspeeits. wehef oivsBasgichvon BB g Gdedtde pr oduct i on

d' def de acetique, qui conprend |a reaction dans une zone reaction

d' 6t hy| bfie A fegerdeiplyeatis pitead fie, Flemenis,urdrApiolia engegrofh Ity 4h wéﬁ?“*’s‘%'"lelj

contenant |es 6]l 6nments et |es proportions indiqueos par la fornulo

enpi ri que RS 1P Padke™eM or mul 0 1) 35 dans laquelle Mest choisi entre
cd, Ad° %’I des nbtaux alcalins et des netaux alcalino-terroux. a a une
val eur de o Shi Qa@s Ry ‘éﬁ'Tf’kaalﬂx%ta fWa BraakkiifiStalien, C a une

val eur de O, 5 @o 05@ 0% bétrs eur sutfisante pour satisfaire les

condi tions deb\4 EhE S ggtau fes 6l 6ments présents, et proced6 dans |equel
un tel,catal ygggrb,sc‘ﬁcygehgdg undU Ti P207 cristallin. 2. Proc6d6 suivant |a
reVGnd' cati onyin W@ﬁ‘sst @ WBdroicht, id Ve aticRdéfungkd dbr GRdereR VidrtaidenehSEIEménteonedd
suivant |a gr@wéand,ucatlon 1 ou la revendication 2, dans | equel c est non
superi eur &wobei eth solchied KalgsatdETiPARtenthatt. r evendi cation 1 ou | a revendication 2,
dans lequel c est non infé6rieur & 0,8. 50 5. Proc6d4 suivant |a

revendobcat i Eimfe&tend(atalyaatorelm\rmhbmmhwowpbaia\@aﬂsoﬂM@ﬂbe@%st conpri s dans
|"Tntervalle de 0,8&2. 6. Catal yseur solide contenant les elenents et |es
propor t | @nsEin fesierftatalysaterach Ansgirsih GLader ABBRSIC 7 cjiRbel cgtipht mehr pig RSt PCOK

(formulo 1) dans |aquelle Mest choisi entre Cd, Au Zn, Tl. des nbtaux

al cal i ns 9¢t Eigy @gteqﬁ%g@ordpmmgph@é}d?reﬁﬁpmcfd wobei ¢ mchi weniger als 0,8 ist.
10. Ein fester Katalysator nach Anspruch 6 oder Anspruch 7, wobel c im Bereich von 0,8 bis 2 liegt.

Revendications

s0 1. Procédé de production d'acide acétique, qui comprend la réaction dans une zone réactionnelle
d'éthylene et d'oxygéne moléculaire en présence d'un catalyseur solide contenant les éléments et les
proportions indiquées par la formule empirique :

Pd.M,TiP,Ox  (formule 1)
35
dans laquelle
M est choisi entre Cd, Au, Zn, Tl, des métaux alcalins et des métaux alcalino-terreux.

_ a a une valeur de 0,0005 2 0,2
"\/ b a une valeur de zéro & 3a
40 ¢ a une valeur de 0,5 & 2,5, et
x a une valeur suffisante pour satisfaire les conditions de valence des autres éléments présents, et
procédé dans lequel un tel catalyseur contient du TiP2O;7 cristallin.

2. Procédé suivant la revendication 1, dans lequel a a une valeur de 0,005 & 0,05.

3. Procédé suivant la revendication 1 ou la revendication 2, dans lequel ¢ est non supérieur 2.

4. Procédé suivant la revendication 1 ou la revendication 2, dans lequel ¢ est non inférieur & 0,8.

so 5. Procédé suivant la revendication 1 ou la revendlcatlon 2, dans lequel ¢ est compris dans l'intervalle de
0,8a2

6. Catalyseur solide contenant les éléments et les proportions indiquées ’par la formule empirique :
55 Pd.MpTiPOx  (formule 1)

dans laquelle
M est choisi entre Cd, Au, Zn, Ti, des métaux alc_alins et des métaux alcalino-terreux,

10
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EP 0 490 507 Bi . : 111111 1 HE1l 1 a“!l'ﬂﬂmljiﬂ a
une val eur de 0,0005 a 0,2, b au zero a 3a c| I Uﬁ
0,5 A 2,5 et x a une valeur suff%ﬁ?g&%@ﬁ?sati sfaire |ls be }sﬁ”m
val ence des autres el 6nents presents, et 5 ce catal yseur contenant du
Ti P207 cri st al ladune valeutas @ibops @, sui vant | a revendi cation 6, dans |equel a
a une val eur de dyndWdeund®zddba 38. Cat al yseur suivant |a revendication 6 ou

| a revendi cati @ ufe valande 0.828@8letc est non sup6rieur a 2. 10 9. Catal yseur
sui vant | a r everding adldupsufiBanteipdunsatisiaie fedibeseins de vafoncaidas gutfes §émbnteprésopts.cot

val eur Bon i e eatalysewr eontengnt gu TiRgY) czfaligl yseur suivant |a revendi cation 6 ou

| a‘vevendi cation 7, dans |equel c a une val eur conprise dans 15

| * i nt er val - e Cafalysgurssuixanp la revendication 6pdans [gqupka ﬂH‘%’S‘e!Ig‘EQQ% 2 0,05.

8. Catalyseur suivant la revendication 6 ou la revendication 7, dans lequel ¢ est non supérieur & 2.
10
9. Catalyseur suivant la revendication 6 ou la revendication 7, dans lequel ¢ a une valeur non inférieure 2
0.8.

10. Catalyseur suivant la revendication 6 ou la revendication 7, dans lequel ¢ a une valeur comprise dans
15 I'intervalle de 0,8 & 2.

25
30
35

40

50

55

11



