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| ower fatty acid wmth a lower olefin, there has been known the process,

di-scl psed 8 phRR iRefioneRkibs e d ch’ﬁés‘%r}&r propatatidnadt iaGitty ( dRkdater WittN@markabnd

USNAY  aproBucivily MeYeiaftr Wiérkst v astiphdd, tinfd Yt B fobMling\& Fabty adid habinf) € fio $1EaRsh & maCI d
phos photahtgisdidfie, hading 2161 4ckarbph &6m$ (riMBb Jolsing a6 idesignated 8 Néwer Rafj SlidRAd Yowez | ds.
Fur t her pletketpespetimsly=xam ned Patent Publicati on (Kokoku) No. 47-42808 and
Japanese Exam ned Patent Publication (Kokoku) No. 56-30334 disclose

pr oc os s @sDdsgriptian of thadelated Atn t he | i qui d phase using as a catal yst

phosphot ungsti ¢ aci d, phosphonol ybdi ¢ acid, or other heteropoly-acid or an
aci d net alln thalpastofs agtressgston rieRgetiancof such @n estordiy| reastinnaf g dawetfaticaciil withia lewass e
convent Pbrmthegrm&es@éeomsfhmgoeeswt disglaspd inappageerExamined Rateat Bublicafien (folekyl was
| ow and Npn8-918%. of pgindoas a eatalystsuifuric B!H%Phg'l‘?o‘?“'td orsqiher rru;'e #rifs Phqshp LPG%S‘Eess
was f'@r afid ﬁ’@?’hﬁyb ic 4o B§ s?‘P‘?’d]etei?Q%'V' F@K’I‘t Flyalic Pésent

i nvent i 8??"

its obj f°' cﬂ 5?51“ a E’"ﬁ”’ﬂ ﬁrer
fatty agé')g” E 'a°' °'£Hﬁ§r "" ”%1 i s‘ ARl
the 99%%%5 98 9%@ Seowat &%ﬁf’btm ﬁf A mﬁ"‘ fotg

To ac eve e abo e- ment oned ob ect ere 'S provrded a process
for thesghﬁ,ﬂﬁv@iﬂmmm}m@dmwer fatty acid ester wherein a fatty acid having
1 to 5 carbon atons is reacted with an olefin having 2 to 4 carbon atons in

gaseous phims rebsht inventich vts niadé Ml dobiderlich of Ho aBbve cRélstaRdde ahtLhdB a8 RObBjsch b d

sal t s5epresieoffar Metesesbiolttleash prepaid b (bweiMattyt &1 dster! With & PSFRAMEDIFMight? GRS itime)

bar i um yiglconpateaichith el coiviahtional procEsie landawith disacMenof & Batalyt with bngaiOoSphot ungsti ¢
acid, sil iToaithisvedtiel aboveernaitionpdn oisigak atroed iy povidedaecprocessnidr thé briopapation yieciower sty d.
Accor di agd bsterawherpiner fathysapizichaviod 1 ti® crbansatomis is reacted witngn didfie hevirigs2 tordosartded a
pr ocess apms intdaseops phaser kvt ustng avé selid cwalyst atfleast ope hetéropalysacidrsalikeiacted from césiunt, y

aci d shawbidym] thaltiun®, agmopiom. eatassium. karivre cgoide sodiuim: Khium, cobref jand megriesigm Baltscof 4

car bon Bhosphetupgstie prid, glligotupgstic e@swmdsrwﬁfcagnas'm@mplmm yst at |east one
menber selAsearding tp apathes asperiof e dresany INKRAioNs ther ds Rreiided apencess for dherRieparticncpt py

t he gen@foxer et aeid 93“” yhors aw%rcet 'Fi“"" f towcamsn aftome| isjeacted Wit an qjefin P’}'a"r"\g sent

P e?lﬁﬂ? alyigh at |ogst ope; Fginer
Qlygr tﬁ?}? gr%tdta'&r@@g?é%&? B?]?yrta ral F"gﬁﬂ'p COHSTSS'[I ng of potassi u%ne

rubi di ugl I i U cesium and-amonium A represents at | east one el enent
sel ecte '1" Wte gfoup consi sti ng of phosphor ous and silicon, a repr esents

an at onj,g nat i 00k omatoew i | BorBlont I, bl 5 3
AR 1 ChiToastla ok £ oh or ol Iy o a&&gfrﬁ\ o ohn iy %éra?tm ou

and N i fafuiMR6dhunty shef arfit ,r.tmpm re;ﬂ‘@e%ﬁﬁ ba3t bnbl meﬁFset;HEd 2 Rﬁpcﬁt@rﬂal ot/ENTS
phosphorous and silicon, a represents an atomic ratio or molecular ratio of the elements or atomic groups, b
is an integer of less than 12, not including 0, n is 3 when A is phosphorous, and n is 4 when A is silicon.

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS

As the lower fatty acid usable in the process of the present invention, mention may be made of a
saturated or unsaturated fatty acid having up to five carbon atoms, for example, formic acid, acetic acid,
propionic acid, valeric acid, acrylic acid, methacrylic acid, and crotonic acid. As the lower olefin, mention

s0 may be made of olefins having up to four carbon atoms, for example, ethylene, propylene, butene-1,
butene-2, and isobutene. )

If use is made of an olefin with five or more carbon atoms, the synthesis reaction of the fatty acid ester
becomes slower. If the reaction pressure or the reaction temperature is increased to speed this up, not only
do the polymers and other byproducts increase, but the catalyst life becomes remarkably shortened.

56 The reaction pressure preferably is 50 kg/cm?G *, more preferably 0 to 10 kg/cm?G.
The reaction temperature preferably is 50 to 300°C, more preferably 100 to 250°C. If the reaction

* kg/cm®G = bar, above atmospheric pressure
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five carbon atoms, for exanple, fE&PRW2AIB1 acetic. acid, propionic acid,
val eric acid, acryllc aci d, nethacryllc acid, and crotonlc aci d. As the

| ower oIeflnr ntr,on 59 ng eofboI%hB egs‘y tu%e
f eat ess 1 50 th e S §
?rE O[Ee %m Wp':p %'{nﬁ% é’f xcﬁldggy %n?he re car oagga a?ﬁe Iééyn esr s

reaction 0 Th ﬁol&rarhﬂoyof ! létve%lkﬁxr to %CIQ&H? 'aBHV?srnot érfucah rlﬁt ﬁm@?a% 'isod?ef%ﬁﬁw e
01>t he gr eRC inbra Prefefdbly 18 L8l fréin thd vieW phiftd? fid rdation ed thi's up, not only do the
poyer's anﬁ*h@reaﬁrsn R prafékibly el dakib® Bt an thb \presbrid6 of:astaJ Wddr toinf tho PR QR GiSW of
r emar kabl icrsdsmg the aslyst . The reaction pressure preferably 1s 50 [err]

nmore pref er akMater Gipbras drosekigin Galiéactiohlsgstént, aRboDi syrtiEBiBsdA T r8aspri B TnbY cidat, Yuti the 50
to [err] ocamiyet e banieaidnger f2Bout @ phresnt by Volunislvewsteraaior Bradfeaitd jhe mateaal gasabove

at nospher i c Inpheemadion itds prefeizble (& fESLthd Bgteiil géscurpler sidndare conglitibrestbrotighcthe ¢atalysi |

t he r eactatemspaca velodie (S¥Nefd 06 todaRN:hrzinmors herticfadyc 300t 290 9i~6| d becones

remar kabl y TeaneatalystHig an heid saltj of a |hpteropaheanitissubte as fhosphetungslisy asidu Ehesacidrselt bepomesand

t he cat alBeder With f darger auriacecarenh partain eeld stEngth.end & Jargenamayntsf agihe | ower ol efin to
the | ower f &he qatalyst @ay Be peod alone ©f eypported op a; gResier Jhe Garriar Maydiect BAPUS Of PPIGUS

30, nof% %?'@P@'%P‘ﬂbs@“cﬁéema“h”é?ﬂ e Wﬁ'ﬁvc B?’nT"ddf‘th ‘P?e°frsé'a%tdfaE9ﬁ‘aF°8t‘%°a"!'he

reaction t r"é'BP;K alyping gr gilica-urping. °T ?rn‘txh’éﬂ f‘ F“ﬂhé?b@?y % om
t he poi ntsu ° 9 ' pfeﬂ'éat' gﬁ‘ L \Rﬂ‘;ﬁjr é@j

present i 5&1 pﬁgg er ik %%ri e or{r

cl ear, 2ob uces rfg%? }I} wQerf E'ar%g anz §ie%?£e
wag er i n T asol atlys
preferabl,giu ,e, . the

cat al yst s%htud'?a é&i@%eim\ﬂt% r%‘dd ub(to(a neg:[o %&pﬁ&e@gﬂ% @aFrfe omy k‘%e&lﬁ& Tantﬁld cﬁfn o/
300 to 20{Wdd or he nbidRPSIRREY Yaitlis debodiBd B ihe cirddr forCdxarfiplé) @Y RbARE e fhb Quttiéd) as
PhOSPh&t U@ aferidd Gé Heat Hegeifi Hlo SRlck aDMARBEESr BRdrliRdrt Yist dimebphehd GEE TLI5H03EE
area, a Oméfbrabiy) 160C 100308t C.6N Gio Rempdhetlirél sl 18¢s0fdn SUTCLMG nidistuds béhtent! 3enof ailtileyitt
may be usesovad,mhits iDoves350PO/theodhtalyst dateficitéd. €r . The carrier may be a porous or
porous 15 Wwearhired @pndingtign Setbrefolyeciel cgialystruadd iy thesecbnd process afttad pradeniiaventioe fis,

and may Uetteyfwhen havipg 2 latgeq suiawecaraiu g steonger lagid Strengthi angl a darder emouptiof @cid lahmay be

al um n& ossedsis i$ orsupdoder anze cagler. & i xt ure of two or nore thereof. The

catal yst najherariotysed mag de @rporoe oicRarqui grainfgrmingsubstagce ganprelyqusad poa carrier, for
evapor at i fmRle nRyybepdilicRndiztemasgous artditanian ectivatidecatinn.atlyreiea, iiga-aiuming: eigafied,
for ex arrrﬂaB'VSttS'gﬂVd’P §4ppPRAdn t'l?(?ﬁ'ﬁ'?!r% |"!9F“F°9°°hNPéﬁ"laBQYP @’ﬂﬁ(ﬁ?bl’fe‘ieéﬁ dhejigvention-d or
the like in '39 agye ﬂ'@eﬁﬁﬂ’ﬁ’ﬁ °° '"%&'ﬁ t°" %BE?H? |bMth’ eHEPea e

a nitr&t ?V'an;"ﬂm?ﬁ or | ater and
pot assi u d'Bqlaf' g %SF'EG“‘“'%IE 4 ﬁ;\to gf
The m Xt @sﬁ %ﬂsr ine gasoélmosph re a pre rab?ﬁj ef C Ift © temp rguﬁy aCI d

itragen or
al t Thqesté (ﬁ; ! ?C mousture content is not sufﬂcrently removed, while if over 350°C, the catalyst
40 deterrorates _

The catalyst may be supported -on a carrier by any methods. For example, the above-mentioned liquid
mixture in a slurry or solution state -is impregnated into a carrier to be supported on the carrier, or is
kneaded with a cartrier powder, or the heteropoly-acid salt is deposited on the carrier, for example, by
coating.

45 The space time yield, selectivity, and degree of conversion as described in this specification are
defined as follows:

Space time yield = Amount of ester synt_hesiéed per unit time (g/h)/Amount of catalyst (¢ or kg)
Yield = Number of moles of ester synthesized/Number of moles of acid supplied x 100
50 Degree of conversion = Number of moles of reacted acid/Number of moles of supplied acid x 100

Below, the present invention will be further explained using examples, which do not however limit the
present invention in any way.

56 Example 1

Fifteen grams (about 0.0438 mole) of commercially available phosphotungstic acid (made by Wako
Junyaku) and 60 cc of pure water were placed in a 300 cc flask and the former dissolved in the latter.
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be supported on a carrier by any nmethods. For exanple, the above-nentioned
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Exanpfe 1 Flfte n_grams (about 0.0438 nole) of commercially avail abl e
phospho (made by Wako Junyaku) and 60 cc of pure wat er were

placed in ﬁie fs%OOe ;S:rgcedurg1 !a(s ;%rlzl‘grmte(ri1 gs lfn%rxa@ple ‘p Ie?o%&l th/a?go J\]erélgly av a%btle phosp%otung-

Y stic acid (made by Wako Junyaku) was dried at 150°C for 6 hours, then was formed into a tablet, which
40 was in turn pulverized and sieved to obtain the particles of 1 to 2 mm size, 35 c¢ of which was used as the
catalyst.

Example 6

45 The same procedure was performed as in Example 1, except that use was made of propylene instead
of ethylene, to form isopropyl acrylate.

Example 7

50 Using as a catalyst 10.7 cc of cesium salt of the phosphotungstic acid used as a catalyst in Example 1
and at a reaction temperature of 150°C and a reaction pressure held at ordinary pressure, a mixed gas of
acetic acid, ethylene, and water vapor in a volumetric ratio of 6.8:92.2:1 was passed under standard
conditions at a flow rate of 10.7 L/hr. Four hours after the mixed gas was started being passed, the effluent
and gas were sampled and analyzed by gas chromatography, whereupon it was found that the degree of

s5 conversion of acetic acid was 52.6 percent and the yield of ethyl acetate with respect o acetic acid was
50.0 percent. The space time yield of ethyl acetate found from this result was 134 g/hre £ catalyst.



EP 0,562 139 Bl Separately, 21.5 g (0.110 nole) of cesiumnitrate [err] was
di ssolved in water.. This was dropped in the:above-nenti oned aqueous
phosphot ungsti c acid sol ution, 'T@sg?i"?srPhg, usi ng a dropping funnel. At
this time, fine white crystals of cesium phosphotungstate were precipitated
simul tan usll' with the dropping. The water in the flask where the white
parti cul Meci pitated was evaporated off using a hot water bath. 6 The
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and by pgmedphdungstate settle gaalysof acrylic acid, ethylene, and water vapor of a
vol uneserati o of 1:18:1 under standard conditions at a flow rate of 35
[err]/ hr . Exdthgle & f | uent and the gas four hours after starting to pass the

m xed gas were sanpl ed and neasured by gas chronatography, whereupon the
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yi el d of Rbesaetungstaty pathecaiplysh respect to acrylic acid was 79.3 percent. The
space ®ine yield of ethyl acrylate obtained was 177 g/hr- | catalyst. 15
Exanpl e 29 thne procedure was performed as in Exanple 1, except that use
was made of _29.3 gra Q.11 | (7] r | fSdnmitiumf
cesi um ni ryﬁga"zggégé\ﬁ% wass,}pg%qﬁ&gésng E%Edt%g&waishhggsrgf %%rr@%jdea(g in Eygrrpl e
1, exczeoptp? AT 9EEe WS ra0e of 12.7 grans (0.055 nole) of rubidium

carponat instead of cesiumnitrate. 25 Exanple 4 The sanme procedure
was perfeEXLrﬁ bl2 in Exanple 1, except that use was made of 11.1 grans

(0. 110 ol e3pe0banRObraseaine Wasi fefiéringa (a8 i [Exaniié @oskospt iR Sisd) Wadimatiéllof potB&ium

Exanpl e SonddpRoraiabite BS M6 Salaljst antiiSe R&Y thadle GEStopyRneé isteadafpthgiend, except that use
was nmagle of 8.8 granms (0.110 nole) of ammoniumnitrate [err] instead of

cesi um nigxample13 36 Conparati ve Exanple 1 The same procedure was perforned
as in Exanple I, except that commercially avail abl e phosphotung- stic acid
(made by WaKie shne\pedcadurevmas phrforendd as in] Bxample 7oaxcept theithe reaction fregike Wasrmasde S nt o
a tabl et ,kgilw@h 40 was in turn pul verized and sieved to obtain the

particées of 1 to 2 mmsize, 35 cc of which was used as the catal yst.
Comparative Example 2

The same procedure was performed as in Example 7 except that the same catalyst as in Comparative
Example 1 was used.

35 The results of the above-mentioned Examples 1 to 13 and Comparative Examples 1 and 2 are shown all
together in Table 1. Note that the results of Example 1 etc. are already shown, but are given again for
comparative purposes. In the above-mentioned Examples 1 to 13, the operation was continued for 96 hours,
but the yield and space time yield of the target components of acrylic acid or acetic acid did not fall much
at all, while in Comparative Examples 1 and 2 the yield fell 2 to 5 percent in 20 hours.

50
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One handred and fifty grams (about 0.0438 mole) of commercially available phosphotungstic acid
(made by Wako Junyaku) and 60 cc of pure water were placed in a 300 cc flask and the former was



.The same procedure was perforned as in Exanple 7 except that the reaction
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was evaporated off using a hot water bath. After the water was driven off,

t he satfplExamRle 4 aced in a dryer and dr| ed in the air at [err] for 6 hours.

Thlrtyflve cc of th? rled |I|c su rt|n th ta Is wq,r? :ﬂk‘faﬁib‘nto

SEEIE L n yloay g e gl 1 ool Bt vl

AR *g b g&ssofil f‘,’,‘y a%uso 99&. .8# ﬁaﬁlfarspp% f”@ yeg and
32 i hilg $li l

r ?fjl o Bf %%e ssh; l: réip %ﬁf Shidsk @ 9\"\5 ﬁdﬂﬂ@ct: atr&_htalﬁ erﬁarérﬂfof thbhe

ertluent apd, ro?fl I?oflm&%@fe THAOsoli® mB&Ssbidine8 wak ¥dRéh S ontoRY €

sanpl ed &M % &éee&mo g wawhae A drie e he P A 1507 € 1@ heus. The dried

conversi Qi?odg vAS pYilériSed and was sieved to separate out particles of 1 to 2 mm size. Thirty-five cc of this
25 was packed into a reaction tube and used for the reaction.
The reaction was performed while maintaining a temperature of 180°C and a reaction pressure of 5
kg/cm?2G and by passing a mixed gas of acrylic acid, ethylene, and water vapor of a volume ratio of 1:1 8:1
under standard conditions at a flow rate of 35 t/hr. The degree of conversion of the acrylic acid 4 hours
after the gas started to be passed was found to be 86.6 percent and the yield (gas chromatography
s0 analysis) was 78.1 percent. The space time yield of ethyl acrylate obtained was 174 g/hre 2 catalyst.

Example 16

The catalyst was prepared by the same method as in Example 15, except that use was made of 30.2
35 grams (0.1134 mole) of thallium nitrate (TLNO3) instead of cesium nitrate, and the reaction was performed
under the same reaction conditions as in Example 15. The results are shown in Table 2.

Example 17

40 The catalyst was prepared by the same method as in Example 15, except that use was made of 13.1
grams (0.0566 mole) of rubidium carbonate (Rb2COs) instead of cesium nitrate, and the reaction was
performed under the same reaction conditions as in Example 15. The results are shown in Table 2.

Example 18

The catalyst was prepared by the same method as in Example 15, except that use was made of 9.1
grams (0.1133 mole) of ammonium nitrate (NHsNOs) instead of cesium nitrate, and the reaction was
performed under the same reaction conditions as in Example 15. The results are shown in Table 2.

50 Example 19

The catalyst was prepared by the same method as in Example 15, except that use was made of 11.4
grams (0.1133 mole) of potassium nitrate (KNOs) instead of cesium nitrate, and the reaction was performed
under the same reaction conditions as in Example 15. The results are shown in Table 2.

565



acid.was found to be 48.6 percent and the yield of ethyl acrylate with
respect to acrylic acid was 45.0 percent. The space time yield of ethyl
acryl ate obtained was 100 g/ hr- EP G5§2:439 &1 Exanmpl e 15 Using a 300 cc
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The reaction was performed under the same reaction conditions as in Example 21, except that use was
made of the same catalyst as in Example 17 (Rb salt of silicotungstic acid). The results are shown in Table

S 40 3.
Example 25

The reaction was performed under the same reaction conditions as in Example 21, except that use was
45 made of the same catalyst as in Example 18 (NH, salt of silicotungstic acid). The results are showr_t' in

Table 3.

Example 26

60 The reaction was performed under the same reaction conditions as in Example 21, except that use was
made of the same catalyst as in Example 19 (K salt of silicotungstic acid). The results are shown in Table 3.

Comparative Example 4

55 The reaction was performed under the same reaction conditions as in Example 21, except that use was
made of the same catalyst as in Comparative Example 3 (silicotungstic acid). The results are shown in
Table 3.
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The results are shown in Table 3. 35 Exanple 24 The

reactign was perfornmed under the sanme reaction conditions as in Exanple 21,
except t hsbmpissersua dadompdrativdiExampld cat al yst as in Exanple 17 (Rb salt of
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The results are shown in Table 3. Exanp
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Example 20

The results are shown in

Volumetric ratio of materials: Acrylic acid:Propylene:Water = 1:18:1, rest the same.

Table 3
Acetic Acid Ester
N 40 Ex. No. Catalyst Acsetic acid degree of| Acetic acid ester | Space time yield
conversion (%) yield (%) {g/L «hr)

21 Cs salt of silicotungstic acid 475 46.3 124
22 Cs salt of silicotungstic acid 88.5 86.9 233

il P Ti salt of silicotungstic acid 35.1 349 | 93
24 Rb salt of silicotungstic acid 375 36.4 97
25 NH, salt of silicotungstic acid 28.7 276 74

‘50 | 26 K salt of silicotungstic acid 9.7 9.7 26
27 Cs salt of silicotungstic acid 36.5 335 104
Comp. Ex. 4 | Silicotungstic acid 1.3 1.0 3

55

(1) Examples 21 and 23 to 26 and Comparative Example 4

Amount of catalyst: 9.7 cc, Reaction temperature: 150°C, Reaction pressure: ordinary prossured
Volumetric ratio of materials: Acetic acid:Ethylene = 6.8:93.2, Amount of material feed: 9.7 t/hr (under
standard conditions)



Tabl e 3. Exanple 26 50 The reaction was perfornmed under the sane
reaction conditions as in Exanple except that use was nmade of the sane
catalyst as in Exanple 19 (K saIEPBFé%ﬁQE'gtungstic acid). The results are
shown in Table 3. Conparative Exanple 4 55 The reaction was perfornmed
under the ARk ggction conditions as in Exanple 21, except that use was

made of tﬁg [ [ e 3 (silicotungstic
acid). Thg, g,g i r;ii-‘*@%?"a 1. ool Rk oot RN 562(139 B1 Exanpl 6 27
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silicot ltjﬁ@agq ¢rystaisoyveie pregigitated. The 1 liter flask way plaged in a hot water bath gigd thg majority of the R
salt of watey indbs mlgggq ovaporateq off. Fhp rgsultant solid mass was takengput on a laboratory dish whigh

NH4 sal applacgd|in @d‘l"(fﬁ gy the, gqlig) magsyinsthe air at 150°C for 13shoyrs. The dried produch wag 19
K sal’ B?Iveg,zqdl 36'6 qudo a?ﬂa@te the &azhc!gs of 1 to 2 mm size, 1_917 qy of which was used Qg-)thgo

cataly: X B I ac
CE:SX Sgl t ?TW%IF'} I e np é’{ g { r?!t'empera?ure at 150 ?C nd the reactuon pressure atiorgmary pressure, rrp7
25 Exa yl and wi rv:gorﬁﬁ me‘nc rar:y}h 8922 sefl at ﬂowg cc,
o A I L et 55 it
ti
35 [err]a%?ﬂnder gt and%rd SO COI‘ldIetIOI’lS e oI urretrl c ratio of

mat er i akgampfdgy! | ¢ aci d: Propyl ene: V\ater = 1 18 1, rest the sane. 35 Table 3

26 The same procedure was performed as in Example 28, except that use was made of 35.2 g of thallium
nitrate (TINO3) instead of cesium nitrate.

' Exampie 30

30 The same procedure was performed as in Example 28, except that use was made of 15.3 g of rubidium
carbonate (Rb2COs) instead of cesium nitrate.

Example 31

35 The same procedure was performed as in Example 28, except that use was made of 10.6 g of
ammonium nitrate (NHs NOg3) instead of cesium nitrate.

Example 32
N 40 The same procedure was performed as in Example 28, except that use was made of 13.3 g of
potassium nitrate (KNOs) instead of cesium nitrate.
Comparative Example 5
45 A 125 g amount of commercially available phosphomolybdic acid was dried at 150° C for 13 hours, then
was formed into tablets. This was pulverized and sieved to separate the particles of 1 to 2 mm size. Of this,
10.7 cc was used as a catalyst and supplied to the reaction. Otherwise, the same procedure was performed
as in Example 28.
s0 Example 33
The same procedure was performed as in Example 28, except that the same catalyst as in Example 28
(Cs salt of phosphomolybdic acid) was used and acrylic acid was used instead of acetic acid.
56 Example 34

The same procedure was performed as in Example 28, except that the same catalyst as in Example 28
(Cs salt of phosphomolybdic acid) was used and propylene was used instead of ethylene.

10
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Aceti.c Acid Ester 40 Ex. No. - Catalyst Acetic acid

degree of Acetic acid ester Space tine*yield conversion (% yield (9%

[err] hr) 21 Cs salt OFP9i%F2dMBhgstic acid 47.5

46. 3 124 22 "Cs salt of silicotungstic acid 88.5

86.9 Examole 35 233 23 Tl salt of silicotungstic acid 35.1

34.9 ZXamMpR B 93 24 Rb salt of silicotungstic acid 37.5

36. 4 Wiét wadihdde®o 125 ! ?9&.%&&&“9% aidthesilicerRolybdic
Using a ¢ of pure odt' to 0 v ili

27. 6 acid to dlsszlie 't/l:géame parately, 26.1 g of &sﬁﬁtﬁﬁtraﬁ f(CSNO.) wadt didaBIoddl 16 fonh lakl aqueod8. 7
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3356 perform ther Silicotungstic acid

1.0 : 5 (1) Exanpl es 21 and 23 to 26 and Conparati ve

Exanpl e 4oigarsive Efa‘mpreed alyst: 9.7 cc, Reaction tenperature: 150 C, Reaction
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t he abovd? ABHFE"bAAA "R /B B2 18 PSMBTHAPRMRET 3K 0T uti on while stirring
using a drop funnel. Sinmultaneous with the dropping, par- ticulate crystals
were pPecipitated. The 1 liter flask was placed in a hot water bath and the
majority of the water in the flask was evaporated off. The resultant solid
mass was taken out on a | aboratory dish which was placed in a dryer to dry
the solid nass in the air at [err] for 13 hours. The dried product was 15
pul verj;zed and then sieved to separate the particles of 1 to 2 nm size,
10.7 cc of which was used as the catalyst and supplied to the reaction.
VWhil e maintaining the reaction tenperature at [err] and the reaction
pressure at ordinary pressure, a mxed gas of acetic acid, ethylene, and
wat er vapor (volunetric ratio of 6.8:92.2:1) was passed at a flow rate of
10.7 [®rr] (converted as being under standard condition). Four hours after
t he gas began to be passed,

35

50

1



20 the degree of conversion of acetic acid was 18.8 percent and the yield
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Ex.28 | Ceslum phosphomolybdate { Acetic acid:Ethylene:Water vapor

Ex 20 | Thellum
Ex.30 | Rubldium

I-Ex.ai- Ammonium

33 | Ceslum phosphomolybdate | Acrylic acid:Ethylens:Water vapor

Ex. 34 Ou_lumphmphmnlybm Acetic acid:Propylene:Water vapor

Ex. 35 | Shicomolybdic acid
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Using a 1 liter flask, 250 g of phosphomolybdotungstic acid (made by Nihon Mukikagaku) was dissolved
in 175 cc of pure water. To this was dropped 50 g of cesium nitrate (made by Wako Junyaku) dissolved in



fornmed into tablets. This was pul verized and sieved to separate the
particles of 1 to 2 mmsize. O this, 10.7 tc was used as the catalyst and
supplied to the reaction. O herwiEROSBA#3%Bhe procedure as in Exanple 28
was performed. The results of the above Exanples 28 to 35 and Conparative
Exanpl es 5 and 6 are %ﬂown toget her |n 15 Table 4. In the above Exanpl es
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thi s was tils wasdi8s ghakg. at [err] for 3 hours. The dried product was

pul verized, the particles of 1 to 2 nmsize were taken, and this was

sintered Bxemplhdy air at [err] for 5 hours. 5 Ten g of the sintered

product obtained by this procedure was supplied to the re ctro as

catal yst. Msingp hkier flgsk. 35 g of nrﬁtprwvbﬁ%rt"rgeﬂccfp'dé eﬂ@be,f §1
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20 rate of the catalyst supported was 25 percent by weight.

As a result, the degree of conversion of acetic acid was 90.0 percent and the yield was 88.5 percent.
The space time yisld found from this was 253 g/hrekg.

Comparative Example 7

The same procedure was performed as in Example 36, except that use was made of phosphotungstic
acid (made by Nihon Mukikagaku) instead of phosphomolybdotungstic acid and the amount of cesium
nitrate was made 36 g.

sp Comparative Example 8

The same procedure was performed as in Example 36, except that use was made of phosphomolybdic
acid (made by Wako Junyaku) instead of phosphomolybdotungstic acid and the amount of cesium nitrate
was made 52 g.

35
Comparative Example 9

The same procedure was performed as in Example 37, except that use was made of phosphotungstic
acid (made by Nihon Mukikagaku) instead of phosphomolybdotungstic acid.

Comparative Example 10

The same procedure was performed as in Example 37, except that use was made of phosphomolybdic
acid (made by Wako Junyaku) instead of phosphomolybdotungstic acid.

50

55

13



The gas fromthe reaction was cool éd-and cohdensed to collect the liquid
reaction product. This was 10 anal yzed by ‘’'gas chromat ography and
evaluated as to activity. As a r%’sﬁﬁé 13881 degree of conversion of the
acetic acid was 65.1 percent and the yield was 64.7 percent. The space tine
yi el d of ' j ror IS was 185 [err] Exanple 37 15 Using a 1
liter fIa?&?h%@wgfﬁga%ﬁ%%%ﬁ%ﬁ@ﬁyﬁl%?Ungstic acid (made by N hon Miki kagaku)
was dissolved in 25 cc of pure water. To this was ‘added 100 cc of a silica
carrier for inpregnati i . al yst - supported

carrigr was dried and sintereg co w th Exanpl e
36~The result was sup%g%t Ne ap pa [cat allys der the sane
conditions as in Exanpt®382%n gt | e [cat ally8t pported was 25
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except that use was nj
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{err} 55 14 EP 0 562 139 Bl Exanple 38 A 125 g anmount of commrercially
avai | abl e phosphotungstic acid ( 0 Junyaku) and 60 cc of pure

wat er were placed into a 1 | iter?’?ﬁﬁ&#ﬁﬁ% ssolved. 5 Separ atgl Y,
12.0 g of bariumnitrate [err] was dissolved in water and this was dropped
into the %&&\{&Saqueous phosphot ungstic acid solution, while stirring, using
a droppi | . The water in the flask was evaporated out using a hot
vat er bat h. a 1356 sfuhtth BSherdidilp Bvadbledhodph@ung@ticaitid \Widde b9 WakeE GlinyékE) 4nd 6@ B Ut

on a | abepatwatel wsts Bldced & € fher flaskoand Gisedlved.2Nd dried in the air at [err] for
13- houss, t&uphraiémS12(00§ BEishriinm hirath RE(ND:%) waddiSsoNédsin Waley arid this Gvas Bdpidante thet O
SEpAr at e abeve allvbusMbiphetlsticakid olutbn AvhierstiiingfusingXa didppisg full®). The waterdss tha Blask
packed i ma® evapératad but @sing &l bet wateel bathu [Tpé salid nmass trdne whichaibé weter was remayvad whs/tsken The
react i on oulesh glatofatnryadish, pllaced ¢ ardryert anid Wiieuigin the taie BISP &¢ for €8 hwhirs1théh was ®rerbintan

or di nar y tabistec Thipwasmulverized andzivdedia separatp aut the partitlagab1 tof2 mm\siz. Qfithiss 1&7 eewdso  of
acet i croamacked intolnyrbastien tuberarid ouppled to/the repction aagtalyst. 2: 1 in a standard state at
a fl ow rat eThef reacony way perfornagywhilp guainiainiior & temnqeaturg Rle#p0gGsandpe Ydingy &cion be
passed, tPrRSsuss pnd,passing, AMigess9aRed! i ratignef acpfis| apide Gthyjgnog gad water vapor of

chr omat o§BP3A} in astapda #tracfloydete ab! “ﬁ?““&ﬁ?ﬂ’ﬁa‘i‘ 7 155 Mied Besores 8 BRas

18. 2 per P&%PY: Hepriiupnt anq gas yergrsamplad gnd apalyzed by PW°'F'§%%5§ Y- Wheyeupop fne degreq of s
_ & prsioR-gf.ace 51 \ﬁsrg.{Z ercpr 2 {{; d %@I t [( tic acid was
17.9p rig.‘g pargeng%'m _tj:)%[:e 'l"ﬁ yi %lgﬂ agflueye yPa gg;%uﬁ Ft%%egstgléﬂurgasﬁ:émg ﬁ:flg@l{ he

results e he¥sane procedure
was perf I n Exanpl e 38, except that 21.3 g of solid gold chloride
(AuCl) m as is instead of bariumnitrate. Exanple 40 25 The

same P, 0Cedis Qi Srofald Vel Béofbd a8 infEX@ERTS 88, 3iboptQNet 8124 g biidlid gbiddhidiidfausgdi um
n\Lrate (Wabidea ayg'g,sﬂm bj,,mﬁ,to,ﬁ@g,, o%n barium ni t'r)ate. E§’<arrpl egb41 30 b "?he
sanme procedure was perforned as in Exanple 38, except that use was nade of

acrylic asafpid 5t ead of acetic acid. Exanple 42 35 The sanme procedure
was perforned as in Exanple 38, except that use was nade of propylene

i nst eadd of THislsne pocoduidNYEA Patfdrved dsxia ERdneplelds, dxtept that THe goh peliyor witatel (NaNOya s
per f or medvasssed insteachofperm3frateexcept t hat use was made of the catal yst of

Conparative Exanple 1 and use was nade of acrylic acid instead of acetic
aci d. Example 41

30 The same procedure was performed as in Example 38, except that use was made of acrylic acid
instead of acetic acid. :

Example 42

35 The same procedure was performed as in Example 38, except that use was made of propylene instead
of ethylene.

Comparative Example 11

N 40 The same procedure was performed as in Example 38, except that use was made of the catalyst of

Comparative Example 1 and use was made of acrylic acid instead of acetic acid.

Comparative Example 12

45 The same procedure was performed as in Example 38, except that use was made of 11.7 g of
magnesium nitrate (Mg(NOs)2 « 6H20) instead of barium nitrate.

Comparative Example 13

§0 The same procedure was performed as in Example 38, except that use was made of 8.9 g of indium
chloride (InCls « 4H20) instead of barium nitrate.

Comparative Example 14

66 The same procedure was performed as in Example 38, except that use was made of 11.6 g of ytirium
nitrate (Y(NOs)s «6H20) instead of barium nitrate. .

The results of the above Examples 38 to 42 and Comparative Examples 11 to 14 are shown together

with the results of Comparative Example 1 in Table 6. in Examples 38 to 42, the operation was continued
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Conparative Exanple 12 46 The sane procedure was perfornmed as in

Exanpl e 38, except that use was nade of'11.7 g of magnesiumnitrate [err]

i nstead of bariumnitrate. CorrpaF {0 862 Eﬁgﬂpl e 13 50 The sane procedure
was performed as in Exanple 38, except that use was nade of 8 9 g of i ndi um

o O Sl B e bm&@%@;,g%% B b e S B BT

The same,/ made
of 11.6 “_g tlry ﬁ%{rohﬂm nitra ?@r | nst aga%% ari ﬁ‘)r(n ﬁﬁ’?rét gyle&ﬁﬂl érl\@:z:r’ul ts

of the a ove Exanples 38 to 42 and Conparative Exanples 11 to 14 are shown
togetlger with the results of Conparative Exanple 1 in Table 6 I n Exanpl es

380 42, the ope I'w B=; Y ] 100 hours,
but there was al m |n1r1,e ;(%eg onpnent W th
respect to acetic ictagid t In
Conpar ati ve Exanpl e yrerdrt n 20 hours.
5 10 r] 20 EP 43 A 69.9
percent by wei ght s@l Y@ dng o bl e
phosphot ungsti c agt A=ttt dropped in
smal | amounts at s £ e gtirfing, O us sol ution
of lithiumnitrat e sphotjung ous

sol ut f%n obt ai ned Eﬁ ?2)50 & cpgs I@l cgc prsed and
made to absorb thgfort—amom—g—te T qu dat [err]

for 3 hours and f prgty & [err]] fof 5}]hou ted
catalyst with a 5)% gt by Ivdight Bof| Su ' . 1§; bf the
prepaged catal yst pwas—packedii-hio Q(u_s_i paCt)
ture ang
i}

pecforned at alOteg*rpr [
2.2 t He fornmed gas

e
i ntroduci ng a mi xaégas
volunetric ratio p 8
eqd to tol lject tﬁe 1 jqui whi ch was
bgr gphy
i IERE A AE

was cool ed and co*ndeng

t hen @nal yzed by pas

107
10.7

8
Table 6
Reaction conditions

temp.
y*)
t

1

1
150
150
150
150
150
1

35

Acetic acid:Ethylene:Water vapor

6.8:92.2:1

Acrylic acid:Ethylene:Water vapor

Acstic acid:Ethylene:Water vapor
6.8:92.2:1

Yitrium phosphotungstate Acetic acid:Ethylens:Water vapor
’ 8.8:92.2:1

6.0:92.2:1

Ex. 39 | Goid phosphotungstate Acelic acid:Ethylene:Water vapor
6.8:02.2:1

Ex.40 | Sodium phosphotungstate | Acetic acid:Ethylene:Water vapor
6.8:92.2:1

Acrylio acki:Ethylene:Water vapor
6.8:92.2:1

Ex.42 | Barium phosphotungstate Acefic acid:Propylene:Water vapor

) 6.8:92.2:1
6.8:92.2:1

1 Acetic acid:Ehylene:Water vapor
88:92.2:1

50

Barlum phosphotungstate
Magnesium

Name

Ex.38 | Baium phosphotungstate | Acetic acid:Ethylene:Water vapor
acld
acld

Comp. { Indium phosphotungstate

Ex. 13

—
Ex. 41
Comp.
Ex, 14
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As a-result, the yield of ethyl acetate was 91.8 percent. 15 Exanple 44 The
catal yst was prepared by the sane Ig)rocess a5 in Exanple 43, except for the
use of copper nitrate instead of ER PP 199 Plrate, to obtain a catal yst with
a 50 percent by weight supporting rate. 20 The catal yst obtai ned was
used for ofJring a reaction under the sane reaction conditions as in
Exanpl e M result, the yield of ethyl acetate was 86. 3 percent.

Conpar at i vep bX&poikdht B wéight of arl SHuboud sBStiof op%ﬁﬂ?éiallgﬁvamegtmospﬁ&&%@ﬁbsacm&dét I on
of comMenfhkéd i AWEl 180118 the Kad ﬁg&ag@%an @Mdufts 222 Ame.Cwiild shirtig, 0R ol il (5
[err] s WagusolBSRIufdHCht MMGM RRES pbrancl)st PhddphdiAgdtibkéid.e anount of the |iquid,
t fen t he r apwe aguedus Q6litRA oBthingdehicrd, 250 6d ofsilid® tarSer 35 i) wheimnjersell @nd Mmadeowr s
t 0 preparapsotb hé tudllaydiint loBhe Nguich tidh HOWAsi drigd Biats5e * © for 3ore aaciotthebyt 200t Gk 5 The
obt ai ned hear @l pyepbre\adsppogeatatystjydth & &0 percent avedighbof suppdsing talse sane reacti on
condi ti ons T g of thexprageres @Blystdvas Aecked intpsaitenction hibe pidothel reattioe tWay perforesdeat @ was
84. 6 per demperatuBHof 460 A5an8 @ pESsuterof 5 kgemQ@wiiig intredging 2 mied gascafi dcetis agideotiyfonewn i n
Tabl e 7. apdwatdr vamr gia Wymslgc Bto af$.8:92.2¢tat Pfigate pPRW. 7N aj ns

The formed gas was cooled and condensed to collect the liquid reaction product which was then

analyzed by gas chromatography.
As a result, the yield of ethyl acetate was 91.8 percent.
15

Example 44

The catalyst was prepared by the same process as in Example 43, except for the use of copper nitrate
instead of lithium nitrate, to obtain a catalyst with a 50 percent by weight supporting rate.
\ 20 The catalyst obtained was used for performing a reaction under the same reaction conditions as in
~ Example 43. As a result, the yield of ethyl acetate was 86.3 percent.

Comparative Example 15

25 Into a 69.9 percent by weight aqueous solution of commercially available phosphotungstic acid, 250 cc
of silica carrier (6 mmg¢) was immersed and made to absorb the entire amount of the liguid, then the result
was dried at 150°C for 3 hours and at 200°C for 5 hours to prepare a catalyst having a supporting rate of
50 percent by weight.-

The obtained catalyst was used to perform a reaction under the same reaction conditions as in Example

30 43. As a result, the yield of ethyl acetate was 84.6 percent.

50
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1. Aprocess for the preparation of a lower fatty acid ester wherein a
fatty acid having 1 to 5 carbon atons i's reacted with an olefin having 2 to
P82A3%BL 3 solid catalyst at 5

| east one heteropoly-acid salt selected from cesium rubidium thallium
l'ithium copper and nmagnesi um
salts of phosphotungstic aC|d S|I|cotungst|c aci d, phosphonol ybdic acid
prepgration of a lower fatty
5 fcar Jon 3t ons 10 is

4 carbon atons in gaseous phase

anmoni um  RELASH 3o iTdHb 790! d,

and siliconolybdic acid. 2. ADrQ
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§to 4 carbdgn at
as™a solid catal yst at |east % menber sql ect
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reacted with an olefin havinp 2

their salts represented by t

sodi um

fo 5

nBl s

L

ons
ed f
30

gqf d

i n glaseous phase by using
romjhet er opol y- aci ds and
r§] 15 wherein H W
n Dl ybdenum and

M, and O respectively reprepenl _hydrogen

oxygen, X represents at |eas} sone

groupconsi sting of potassiu §=§§ i

represents at |east one ele
phosphorous and silicon, a rpp«es

el.enent
&ium t
Bcted f

or 4
hal |
dﬁm

tom
I um
the

c grfoup selected fromthe
ceqium and ammonium A
ggo p consi sting of

of the elenents or atom c grpups
|nclud|ng 0O, nis 3 when Aip php
silidbn. 3. A process accordf ng |
het eropol y-acid or its salt Js sp
silicotungstonol ybdic acid, jpd p
ammoni um sal ts of phosphot un §to
aci d.,p25 4. A process accordi g9
fatty acid is selected fron1n§r
t h

valeric acid, acrylic acid,
process according to any of

sel ected from et hyl ene, ™B0 P
i sobutsyl ene. 6. A proce®ps acc icor di
wherein the fatty acid n acletic
et hyl ene, and the Iomera attly aci
acrylate. 35 7. A process adcordi
50 kd? cn2G 8. A process acdofdin
reaction is carried out in tfh
according to any one of claln§

salt is supported on a carrifeg.e
the garrier is selected from §i

activated carbon, al um na and—sitiGca~—al-tu
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hlc a(id, and{crofjonic acid. 5. A
&g (§4,QMM§|xtheolﬂinis
Upylcllc, bu“i eI ) t ene- 2, and
ng to any gn¢ oOf It clainms 1 to 3,
acid or ?c yl the olefin is
d ester i

ng to an

g to any

esence off &

to 8, wh¢
0. A prog¢
ca, diat

jsge
4 é)n

the reaction tenperature is 5§dto [err] ahdgt

e

pol y-aci ¢
~evapor af

e

i ﬁ d
I eflate or ethyl

32

t

i

o]

nse 1 to 8, wherein
on pressure is 0 to
;I 1to 7, wherein the

40 9. A process

riakg geropoly acid or its
g I g to claim9, wherein
g'a gﬁ h, titania, 45
. ocess according to
or{its sal is supported on a
Iéﬂlto jzy br kneadi ng and

40

Name

50

56

18




1. Verfahren zur Herstellung ei nes niederen Fettslureesters, wobei eine
Fettsdure mt 1 bis 5 Kohl enstoff- ator‘ren nmit einemd efi

Kohl enst of fat onen in der Gasphase EP 9862 %P\?\endung m ndee”“m l“ﬂrlm Mﬂ%
ei ner Heteropolyslure als fester Katal ysator ungesetzt w rd, ‘das atisge

| st untercglﬁ1 55 Clsium, Rubinium, Thallium, Amonium, Kalium,
Bari um éo , Natrium, Lithium, Kupfer- und Magnesi unsal zen von

PhoSPhOWOY, f R 3RFEM16F theSrdohiGRN & oRERiAYaB es'i’a%alaﬂrmwaaé\n S o 5 Bffoon ahdnfs©-
nol ybdansaujsQeacthd with arf olefeHalifd1s &4 Zdbon o g bdg pﬁds@ By ublh $0ild catalyst at
Fett sapr eeslogst Sre NRRERbIy-ALid SaltfeBibétsctfbnteddiuh, ribifiiind, tRallisANAneRoniuR] botassibfBaRun t
eiTem O ef i GoldTi dodiampiithiudh, Keppbreart MbdnRsiGNaRNS bf s%prmﬁdma%ad U8ikcBiungétd \waadung
M ndest ens  ghogshdmbliidRs acld@he®sikcpablyssisean und deren Sal zen, dargestel |t dur ch
die allgeneine Fornmel 6 5 XaHn_ AVWMb12- bO40 ausgew hi ten Mtglieds als
fest er K& ahypoea¢ssfor theppeparbiivh of\a lodler fatiplacid esthr wiéreilvia fatty dcid havingAitd S carbon atoms
Wasser®t of f is raadted withran definyHaviagn2 toz4\carkisn atoms tirogdseaia ipbase by esing 26 awsolidiesdiyshat ei n
El enent odeleastpneemembensplogios fiom heteropslyracids and theirchelts repieseited byuthe gdrarsl foimulm
Thal I i um Casi um und Ammoni um best ehen- 10 den G uppe, bedeutet, A
m ndest ens XH-sAWeMa-Bosphor und Silici um ausgewahi tes El ement bedeutet, a
den at omar en oder den m)l ekul aren Anteil der El enente oder Atongruppen
bedeut®t, bW ’Wﬂ"t‘%@hf @Fe"élh!d'@zn r‘FFQQSt/G@JS'%WﬂBmVW exvgen, X
bedeut et , &gledad °F9€’r“ﬁ'|‘n

dlu II|u e Ie e ted U
Egdem et. | onsnstln &ﬁ;r‘gus I.g%mco re f: :ZR ﬁ%w?l 73 efl‘j%o Lﬂjeéiﬁjntg
teropo YSg o?m |'é%nm gL % ﬁtﬁ J:ZU Zﬁf¥% ap rous a’ndn
Si |'i copof fraga, S)Zﬁ un dem a Bi'ar die \pa

COsi um und Ammnl unsa zen von Phosphowol framatorml ybdansaur e oder

Si li cowolgf rﬁm&a%cowméaﬁ,ameeof ARBOIEIS, Wwhbrsih theXbterdboly-¥Ed bARY &Rt i 8diddted! NEM
der Anspr~Cisn bhddpRotugstoltlBhic GicR, EiofufgtbiBiybdld 8id, AlR! SRRSaA EbidibnS thalft!" €.
Pr opi onsaur &siuMahdsrmméhiunidals of/bﬁdsuﬁoaawt&n Jwe bereorél na&mb&orhwidf&raaa onsaur e
ausgewghit ist. 5. Verfahren nach einem der Ansprlche 1 bis 4, wobei das

A ef i n ult eA piotdsy lacdordingrte piy &nhe diiirhe N 10l3, wWhsileia the2fattyngbid is@abﬁtmroau&@ﬁm&id.t
ist. 25 6. adeticfamidr @opionahidoialedmacilicscrylie aqid, anethecnliic latid, add croofieacidli e Fet t saur e
Essi gsaure oder Acrylsaure ist, das Oefin Ethylen ist und der niedere

Fet t saur &esA erocisharterdieg tx anydefr thécichaipisat toy hawherein the7olefiucis fsallactesh froma athyleneaem
der ArfsprUcmPvtEn%ibBtef@-1 tenei2, efiddsoReénei onst enper atur 50 bis 3000C und der
30 Reakt i ondr uck bis 50 kg/cnP Ober eine Atnosphare betragt.

Ver f ahr eff nh@Igcess ﬁ%ﬁ?fdd‘@rm Afvspne lﬁFﬂ? oleimg % to73, whersiejthejfelty amidhiR apelin afid) OCEQ@é'ﬁwart
von \Wasser difpte a'ﬂfl‘"dﬁg‘@f'?ﬂﬁ'r"t"dmer'ﬂ"” fetty aciy eslgtis pthy] agstate or GHYLACHHAN. der

| z f_einem
Anspr lgsc hg 1A l;::t)l'lo::gessB accor mg any onel_gtclgi';n%qC%o gs %‘I%II:G% tl?edrggctlgnetrerggerg&e is 5a0li|o 30% Ceand

the reaction pressure is 0 to 50 kg/cm?G.

8. A process according to any one of claims 1 to 7, wherein the reaction is carried out in the presence of
water vapor.
40
9. A process according to any one of claims 1 to 8, wherein the heteropoly-acid or its salt is supported on
a carrier.

10. A process according to claim 9, wherein the carrier is selected from silica, diatomaceous earth, titania,
45 activated carbon, alumina and silica-alumina.

11. A process according to claim 9 or 10, wherein the heteropoly-acid or its salt is supported on a carrier
by coating, impregnation, evaporation to dry or kneading and molding.

s0 Patentanspriiche
1. Verfahren zur Herstellung eines niederen Fetisdureesters, wobei eine Fettsdure mit 1 bis 5 Kohlenstoff-

atomen mit einem Olefin mit 2 bis 4 Kohlenstoffatomen in der Gasphase unter Verwendung mindestens
eines Salzes einer Heteropolysiure als fester Katalysator umgesetzt wird, das ausgewihlt ist unter den

55 Césium-, Rubinium-, Thallium-, Ammonium-, Kalium-, Barium-, Gold-, Natrium-, Lithium-, Kupfer- und:
Magnesiumsalzen von Phosphowolframs#ure, Silicowolframsdure, Phosphomolybdinsdure und Silico-
molybdénsiure.
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und Siliciundi oxi d- Al um Nni unoxi (Fpaﬂﬁﬁemfﬁ‘t ist. 40 11. Ver
Anspruch 9 oder 10, wobei die Heteropol ysaure oder deren: Sal z durch

Autraggn, 29,“.4 $ &/n%gﬂéag?é erfaugauree&g B Sind Rl § Bis 4 idniiREOr men
auf einen Eg 1 R dfng pour
la pr epar%nb?ﬁhtéfl-fd@roﬁé& gﬁreﬁeiﬂ’ (de ngé’i\sda\'d% art WérEH die Q@Qfﬁel YD) un aci de gras
ayant de 1 & 5 atones carbone est rdagi avec une ol dfine ayant de 2 & 4
at ongs de )Qﬁnr_l)mmomen@wohase gazeuse, en utilisant, comre catal yseur solide,
aloi ns un sel d' un h-~ ~t ~ropol yaci de choisi parm |es sels de 50

cesi um deusgewatitbr Mitgidas taldadebtbrl RatalgadMumpésetn wild Webbin IS W Mo dad barjgwsiis

d' or, de Snadsemaff, Wolftam MolybriindiezwC Sausrstoffedarstistienyag mitalbstons tbin  Elemerit cheler eine
phosphot urgmigngpe: ,aushewihitaos de ags Kaliomi Bubipium, Jbadiumd Gédiumawiddemmonium bestehen-

phos phono|deh Grugpes bedsuteie Almindestehs ein unteg Baspheh dndclilisiumZBusgewighitesiBlement bedeytet,
prepar at i @rdeg'aternakes dar deih molekiarey rAntsil derf Elgrmentgroderciteragrynpepueadeviet. b eingigangs as
ayant de 7aj van geniger als 32 mitduyssehiuBovan Bdpdeutel p Srghagnn APbespigi bedorigt inde Hiftant de
2 & 4 at ornes Addlicgmibedaytet: en phase gazeuse en utilisant, comme catal yseur
solide, au noins un 6l 6nent ChOISI parm | es hdt ~r 0po aC|des et Ieurs sel s

Trager aufgetragen ist. 10. Verfahren nach Anspruch 9, wobej r
unter Siliciundioxid, D atoneenerde, Ti‘tandioxid, Aktivkph| ﬁiﬂﬂﬁwmj

repr éset é’§” 'Pa&h PB?'HL?P A’gﬁﬂ A w°b "M et
0 reprdsent '8? ‘ﬂgg%‘ 'ﬂ%p ?{r bne, X
repr~sent & W"hé’" I?P'B‘f%sﬁ'fe og" °(§ (\-3'°' ?'?) R R ST AT T Gupe
conpos6 d %’f LR PYTRTY pitist rubidium thallium cesiumet amonium A

" epr g5 CRL QroftiiediOHabIP eitidhn GbeS ﬂ’flchg 0Uig b, iBEHie Fiellid G ARIBRIGL dSaBlRRPNOT ©
et_de" sil PrdplbRauR, Ve85 Ay o, QUi 1saRteAIR GHfonSird dbBgaREHR 40! bCUl aiT e
entre |les f6rrents ou les groupes atom ques, b est un nonbre entier

| Nf~1'1 eEr \Rrighfen fbc)@ierh UPRhsprickd EDis 4 WoBbsiSdRY Diefin Rler BIRPIGH FadpglemtBulbnast 4

| or sque A gafph-2%hd isbutéiaushBwanis ist. Pr ocdd6 suivant |'une ou | " autre des
revepglications 1 ou 2, dans |equel |'hdtdropol yaci de ou son sel est choi si
par m | &.a0jeflshrgalnachdiaivLideg ahsprishe/ Dbis Gvnbeil diecksitetinrestssigetioteLbdgySAcotilirg listlidgsie, et
| es sel s defip @thgien istind ripr rikelene Fbiisturoester Ebylédetat ddetBthylateylat B um et d' amoni um
de | ' aci de phosphot ungst onol ybdi que ou de | acide silicotungstonol ybdi que.
15 4. TPr dedahengacheirgm HoriAnepridnhe 1" bir@, eobel alio Reaktionstdmparatup RS bis 360 *% unddey

| equed | ' dshidiendgick bis S0 ka/éresi Ubpr eﬁﬁrﬁwosphiéﬁ:beé@tf or mi que I ' aci de acdti que,

| " aci de propionique, |'acide valdrique, |I'acide acry "aci de

n6t hacr § iVgires; naph aﬁ?’ﬁlé’%f\’lﬁ’@?ﬂeqhé's 75 wohs} die iegitian, i"\/ﬁ?ﬂe""f’a"u‘f?é Vagsqrdaniet ¢ e
des revendichgeflhreird ¢ 4 dans | oquel |'ol~fine est choisle parni

s5 9. Verfahren nach einem der Anspriiche 1 bis 8, wobei die Heteropolysiure oder deren Salz auf einem
Tréger aufgetragen ist.

10. Verfahren nach Anspruch 9, wobei der Tréger unter Siliciumdioxid, Diatomeenerde, Titandioxid,
Aktivkohie, Aluminiumoxid und Siliciumdioxid-Aluminiumoxid ausgewdhit ist.

11. Verfahren nach Anspruch 9 oder 10, wobei die Heteropolystiure oder deren Salz durch Auftrageh,
Imprignieren, Verdampfen zur Trockene oder Kneten und Verformen auf einen Tréger aufgetragen
worden ist.

45 Revendications

1. Procédé pour la préparation d'un ester d'acide gras inférieur, dans lequel un acide gras ayantde 12 5
atomes de carbone est réagi avec une oléfine ayant de 2 & 4 atomes de carbone, on phase gazeuse,
en utilisant, comme catalyseur solide, au moins un sel d'un hétéropolyacide choisi parmi les sels de

50 césium, de rubidium, de thallium, d"ammonium, de potassium, de baryum, d'or, de sodium, de lithium,
de cuivre et de magnésium de l'acide phosphotungstique, de I'acide silicotungstique, de I'acide
phosphomolybdique et de I'acide silicomolybdique.

2. Procédé pour la préparation d'un ester d'acide gras inférieur, dans lequel un acide gras ayantde 1 &4 5
66 atomes de carbone est réagi avec une oléfine ayant de 2 & 4 atomes de carbone, en phase gazeuse,
en utilisant, comme catalyseur solide, au moins un élément choisi parmi les hétéropolyacides et leurs

sels représentés par la formule générale
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20" ¢ 1' 6t hyl bne, le propylene, le butbne-1, le butbne-2 et ['.isobutylene.

" aci de gras est | -aci de ackti aub BRI BAC Ger 11 ave, - mf ML TARHERIN

| "dthyl bne at |'ester d acide.gras infdrieur est |'acdtate *d 6thyle"ou® *
| " acryl at exq _Es.kﬂw,@%b&g 7. Procdd6 suivant |'une ou |'autre des

revendi cations 1 A ans lequel la tenperature de rdaction est de 50 a
300 ' C ot of @, W, NS 60D BftéseRBRL ro&BctRsThont! Bydlogéne, Qurig@iérieTRislybdine Bt 85Q6R, X
sui vant | rpRsénté du rdkis! & disifent QV@EDb GRinigAs Sholsi Parrhi le GAddPe LoMpdsd dd phtdsshan,t | Oon
est real i sesidem, Blium, céfund SEatmonil, Wapiésentd'at aidins In SBMeRGHEIsi Painil F grolipeLine
oo’ | ' aut r ecahessd do/ghoskncratet oe siliclumS aGeprékanms ld rappoe atoividue o6 rappart yialédutie entreSON
sel est sulppé¥nénis ol lesigross Bmiques3b est D .norRbre entddinttieur AL, d @nrcemprisdn eaAdi on
9, dans | elysale A est pmsphereret @ est 4ddietiug A eptasilidium] a silice, |a terre de di atonde,
| " oxyde de titane, |e carbone activ4, I'alumne et la silice-alumne. 11.
Pr ocdi96 3suPrpefdé svivent laneeitiagtea des revendisations) 1 oy Arvignd leqyaldhétéroppiagidepyaion seledle ou
son sel esehois,pRD) agides phosphgtupgstomalybdiqya, 'apida, sifcatypgstomoly briqua.cat dasi sglg de potas-
6vapor at i offuysigrubidito dp “B!!":Bé’F oMt dpEmmeniumde f'agisla phogphousgsigmalyihdigue ou de

['acide silicotungstomolybdiq

15 4. Procédé suivant I'une ou I'autre des revendications 1 & 3, dans lequel I'acide gras est choisi parmi
l'acide formique, l'acide acétique, !'acide propionique, l'acide valérique, l'acide acrylique, I'acide
méthacrylique et I'acide crotonique. :

8. Procédé suivant I'une ou l'autre des revendications 1 2 4, dans lequel I'oléfine est choisie parmi

U 20 I'éthyléne, le propyléne, le butdne-1, le butdne-2 et I'isobutyléne.
8. Procédé suivant l'une ou l‘autre des revendications 1 & 3, dans lequel I'acide gras est l'acide acétique
ou l'acide acrylique, l'oléfine est I'éthyléne et I'ester d'acide gras inférieur est I'acétate d'éthyle ou
I'acrylate d'éthyle.
25
7. Procédé suivant I'une ou l'autre des revendications 1 A 8, dans lequel la température de réaction est de
50 & 300° C et la pression de réaction est de 0 & 50 kg/cm?G.
8. Procédé suivant I'une ou l'autre des revendications 1 4 7, dans lequel la réaction est réalisée en
30 présence de vapeur d'eau.
9. Procédé suivant I'une ou l'autre des revendications 1 & 8, dans lequel I'hétéropolyacide ou son sel est
supporté sur un porteur.
35 10. Procédé suivant la revendication 9, dans lequel le porteur est choisi parmi la silice, la terre de
diatomée, I'oxyde de titane, le carbone activé, l'alumine et la silice-alumine.
11. Procédé suivant la revendication 9 ou 10, dans lequel I'hétéropolyacide ou son sel est supporté sur un
U porteur par revétement, imprégnation, évaporation pour sécher ou par malaxage et moulage.
40
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