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) This loventioa rsaletes to & progess for bthe
preparation of formic ameid fron earbon monoxide and steardnd
iz directed partieulsrly to the use of a new eatelyst lfor
the reaciion.

I+t hae been known that carbon monoxzide end

stean wlil resct, in the pressnee of a sulti&bls catalyst
to give formle acid. Az this process is pas which employs
rew materisls that are relatively inexpensive, 1t ashould,
under feverable condidlons, praduse theasid ub an exesptlop-
ally low oost.. Ite commeraelal eaceesz, howaver, wlll in
no small pears be deicmmined by the eatalyss uged.. Thome
whiobh have been prﬁposeﬂ herstofsre have not besn antlrely
satisfastery for coomerelal operation due To low yield,
shert 1ife, mnd other ecoaomice ccpalderstions.  Efforts of

investlgestors in this art have been directed, therefore,

%o the discovery of caitalyste having high sctivity and whioh,

furthﬂrmpre, Tevor the produetion of fomie golid while tend-
log to iabiblt the fbrméticn of undealrable sldse produabs.
o . 4an ebjac# of the present ;nvaﬁtiunis to pro=-
ﬁ;ﬂe-new'eatglysté-fdr the prepayation of fomie aﬁid from
carbon mﬂaoxide-anﬂ asteam having the above ﬂésirahle_charn
arkeristios. chér abjects will herainaftsr.appa&ra
Ac¢gording toc the Bregzny ipvention Tomip anid |
caln bg prapg;@@ frgulfﬁrbon ma;cxide aﬁﬁ sfaam hF antgcting
tﬁéséhmgferiuis intﬁé }apor phaze in thé praségua éf ]
ﬁy&fﬂgﬁn falide and = meiallic halide, Ths matallie helides
ﬁhicﬂ ara_well suited for this purpose includs the alkalil
and al#&l}na Ea?th'matal'h&liﬂES} %1z, the bromides, chiaflﬁsa,

and inqiﬁasi-ﬁf'litﬁium, sodiwme, potassinnm, rubiﬂiﬁm, gaggium,

saleium, strmtiun, meguesivm, and bsrium s well os the

helides of the Tollowlng metals: tin, iren, cobelt, nickel,

: hlsmyta, mengansse, lead, telluriunm, sing, @nd cadmivwm, The

fmetellle ballfie mey be usad alone orf adnized with one or more

dissimiier metailic halides. It may =lso ke unsuppar%ed

'i or aupperted on astivated charecal, Fuller's esarth, kiseslgubr
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. The feac'hlan may e ef fzeted advectageonszly, In some losvenoes

. by paesing tae hydrogen hallde in the vspor phase together

- wish the gasecus reactants into the gatalytié . reaewlon

chamber im which %he halides of the alements ave disposed.
A number of hasic elements way be uzed a8 the
satalys® over whick the hydrogen halide 1z passed. Toe

ploments above deseribed oz oxldes or es salte of aclds (D.E.

© aa carboneiea, scetate, e¢fc,} readlly reduced wnder worldng

. ey cﬂﬂyaniaﬁtly be ésrived from verious commerelial sourcss,

. vantsgeous in some emseps from the stendpolnt of controlliag

gonditions will rapiﬂly'he converted wholly or partiy to =
halide which wi;l then co-act with She hydrogenibalide as &
catalyst4

The carhon monoxlds requlred fox this:syﬁthaais

such #a, for exsmple, water-gas, producer gas, eto., by

diguefaction or other zedheds, and prould likewize Tor the

heat IESults be relativﬁlj pura, _
Inery gases, such a8 nitrngeu, carhon dioxide,

ete,, may b included with taa reactanta, this be Ing ad=-

the tempersture of the ezotheomie wrasetlon apd of limiting

‘the sxtent thsresf, or it may be Gemired to yestriet the
averall cunversion of the reaction for the sake of epihancing

“the relatlve ?1alﬂ of formic el d,

T prefar Eanarally Eo LﬂﬂﬂuGt thﬁ reantian at

pregsures in exvess of atmospherie, say Tromw 25- QGG atm&syhar&s.

. The re&atiﬁp prﬂﬁeeﬁs ovar a wlde range of ismperatires eme

 playing the abowe ﬁéscribéﬂ:cataiyst, gepsnding upon ths:gaaeq

cua codposl tion smployed. Generally the desgired convevsion

of the earbon monoxlde epnd steam Lo forrlc acld uan'be oh-

C tained st 8 tempersiturs of from LO0-400%C,., &1+hﬂuga T

; generslly prefer to conduct the reecTlon in the rangs of Irom

o
S200=300 O,
The following exauaples will illustreate one

nethod of przefislng the invenslos, elthough the Invention

&8 uot limdted thersto.
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Bxemls 1 -~ L gaseots mi}:b'ure cortaining, by
Tolume 90 par’ts carbon monoxide, and 20 parts stea, is passed
together wlth epproxima tely & parts of Lydrogen oalorides inte
e corversion chamher contalning a gine shloride catolgat

digposed upon.activated chmrooal, The cavalyst is prepared

"By saturating the ectlveted charesal with a sslutlon of sine

chlql'ilie of sufTicient conceniralion to zive & nhareonl con-
toininag approxiretely 200 by welght <f =zino skloride, The
catelyst chamber is designed for carrying cut exothermis

gasaous reavtlons uader pressure and the temperaturs msine

. tained therdin at zpproximately Emﬂf}. .whiila the preassurs 1=

feld et aporoximately:FOR atmospheres, The condensate

obtained upon cosling the cooverted gases will glve a good

“yleld of formic acid.

I 1

.u.x:amE 2] A baaeaus mixture ha‘;rlng B COMEoEie-
‘tiﬂn sim.;l&r 1:0 thaL em‘pl::u_..rﬁrl in Exampla 1 i$ paaseﬂ with -
o pa‘*ts of hydromen bromide, in l:a.au of the hydrogen ciloride

' 1:11erain nsed, 1111:-: & mnvernmn chambar eondalning gr&nul&taﬂ
' Edf.l.ium bmmiﬁa, By maintel ning @ temperaiure of &Epraximataly

'303 G.anﬂ a vrassura in the naighbarhuoﬁ oi 60O atmnspneras

a, E;oaﬂ ‘Tigid ni‘ Tomio am.d witl be realizeds
'I‘he appare.ms whith Day be sm‘nln;'ra& for copn-

ﬂ.ucting the rea*tion may be of any ct::m'en‘h.oaa.l tgpﬁ: and

. praferahly one in "i’hlﬂ"" “the 'hampera‘ture r:}:[:‘ E-mthua‘m:i{: re-

sotlons can be re&riilj contrelled at the ﬂesired tempergture,

P Dwlng To 1:]33 corrosive actlon of Hhmeic asid, the 1nl:e:c:i-::r
| of the ccnverter a.uﬂ conﬂ_ui+s therefrnm sh.nulﬁ preferahl'j‘ ba

protectad, This- Ilza,.r be acenmpllsheﬁ by using- glasﬂ ar E,lass—

lined arparatus or by oosting the ioner surfaces of She
apparf_:hls with ohromiue or silver o sing f{-:II'._ the: coastiuet- '
lon of thlz eguipment auid—rasisﬁir_lg allq::y.'s o, i‘or example,
mﬂlyhdenﬁm, nobalt,. t}mgstan, chromium, _ﬁ&nganeaa,ar nickel

Varlons changes may be pade io She method of

; employing the sbove catalysts for Lhs preparation of formies

aeid from carbon monexlds and gtesn withoat deparsing from

 ¥his invention or esserificing soy of the edvantages that mey

e derived therefrom,
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i | aving tiray descediberd oy foveadlon; whoal T elein Loia

1, o ogoeroetees sl el srolusing forsic seld from

o fusennd sizfure contaloing carbom moonxdde and steem, the atep which
mixtimne
pomorises passing tho geseous togcther ‘-1th & Myirogzn hollide doko a

eatalrtle remcidion gore contalndez o metal helide catalyat.

™~

£+ In a proteds of producioyg formie acid Zreom o gepooed

mixbaye confeiring cothon monowlde snd steam, the ebtec which coopzizes

padsing the gassous mlxturs together with o lgdregen halide into a

eatelyiic reacticn aone sonbadnisg a hellde of ap elament zelectad
frem the following groﬁ-g of Elements having ar atoric weight of from
4-207 congisting of lithdam, sodimm, pobmzsism, rubidion,. czasiow,

peleium, copper, wagnesimm, strondiue, Dardum, tin, drem, cchalt,

 wizksl, biznath, sengenese, leed, tallurivm, sine, aud cedmiun.

I. In = process c;f'prud-uniug Tormic acid Trew a geacous
mimbure gontalning carben mongedds amd 3téa.m,'_ the step whish
Ilwmj:riaes pasging the gessons wbxturs over & &lnt chlerdde catalyal

while in the pressnce of hydrogen chloride,

4+ In = procsss fer ths pre;ara.tion ol fnmc ar.u.d, the

step which coaprisea aﬁmlxing a h.rdrqgen hadide mbh *a:mn mnmude

a‘nﬂ shesmr-and passing the resui.ting gaseous mixture wer a 'ﬂet&:l_i"

hghda aetaiyat,

S In o procesg Por the preparation of formlc il the
. EE PEEEN I T . . L ..

shep which conpriges simixing hydpogen chloride with owxdbeon mohoxide

'_ﬁﬁﬂ ghtean and paasing the rezalting gossons omixture over o slng

chlcride eatialy E_Ilt.. _

6. . Fua provess of produsing fordle emid Fram a PrET

nixinre sontaining carbon monexise smd ate=m, the step which compriszes

© pasaing the gsgeols mixiure Sogether with a Iydrogen heldds iddo a
cabalkytic resctlonr mone eontaining o meisl helice aatalyas at a

rasdtre within the renge of F5-000 atmospherce.

7. In a proceas of produeing Forads neid from s gapedns



“Fausen

! .
wlxtoye conbnining esthon mopoxlde end steam, the stzp which vowpriszes

parging the zrpesng mixturs fogether wibh e hydrogen halide inte =
patalytie reschion Zone crodeining a metal halids satoiyat at 2

temparafore wlthde the rengs of 0040090,

2, To = process of produsing Pormic acid from s yeseoud
skxture conteintng carbon menerids snd stess, the eter thich compriocs

paasing the pageoun olmbure together with = Rydrogen helide aver a

metal halids awialyot popporisd on activated susccol.



