PF 53830 1 Pr pgégg on of acid formates and their use The present invention
relates to a % and an apparatus for 5 preparing acid formates starting
fromnethyl formate, water and a basic conpound. In addition, the invention
relates to the use of the acid formates for preserving and/or acidifying
pl ant and/or animal 10 materials, for tdeating biowastes and as an additive
inanimal nutrition and/or as growh pronoters for aninmals. Acid formates

have an anti %Qﬁm@ﬂ 26k Yéiy ﬂq;}ga@ég: é%edcheleS ?exanpl e, for preserving

and for acidifying plant and animal 15 materia i nstance grasses,

agricul tural Froducts or. nmeat, for treating biowastes or as an additive for
ani mal nut ri ENBrPTERSNY LBYRREIAD ZR4PPB LR & PEACHEY HUWs 2RoRPRHEEEShADE | ong
been know?. pTepars irnGrekcidsi¢emediesc htderimndrgannsdiin fOreate, [W@telri ahd 20
Handbook of basigatumpoGhawm stry], 8th edition, Nunmber 21, pages 816 to 819,
Verlag Chemi e GbH, Berlin 1928 and Nunmber 22, pages 919 to 921, Verlag
Chem e QGrbH, Ber 937 scrib es t he nt hes of sadiy dIfO mat e and of
pot assi um di é‘ltilnc JO 59 lrfven 58t l oFﬁa%}ge g%t ais;n iU Tormate in

formic acid. ?Sm‘ﬁf’es éWSPﬁ???Wé‘r@I F‘B? €§1ﬁé§yb’ég dﬂtad’itnéa 9~ FRdmédsi ng t he
t enper at url® matebiplevagor at¥enf okl begeasstest andi 8s aa didddEiY@4iQ ERimedches
prepari ng acndtsdeidanmahdrontes dJrawithgpya@ioterg fatighizmlisent by i ntroduci ng
sodium formate into aqueous formc 30 acid in an appropriate nolar ratio. By

cooling the Salyti@maile naol Ty %fsrgg@%g&o%m 1&9@, 15400181 N, Aggor di ng

to J. Kendal

1921, pages fzi‘?lﬁplt% fﬁ’§1pr%%‘?rd”&9t Sggl ﬁ 0 ?‘rh‘f%sp BE d J:i‘larJred by

di ssol vi ndSp@ebesiakf .cdPBoRatnce 90955e%r a9giRulBiTalc PASAECtS citimegtear bon
di oxi de. Thefoortespyandi hjowssleésdorcas dre ahitiainedfdyy aqriyal ahbtziatioon. US
4,261, 755 describes preparing acid formates by reacting an 40 excess of

formc acid Wi g fél‘?na*%légr% g& %998 e tHodll 68F bﬁ{@eehgf/et g, peen
corr espondl ng cat | QIg] i} i g ec?e&pr eparin r od ?g GC cont ain
di salts of ¢icd 8’3‘)6 Fa% I SF AR &R %“hee % B8nst e or
45 bi car b&r?aﬁénd%‘ifd‘i Wh £BPREARLC %F‘bﬂ’dﬁé] » 84F RSHALENor NHIREH BdmaPaIeS cesi um
formate, hydBéfi de,810ar Benkte Grerbeca@nbibndeslon M rrndgmNufiberetZe @agasmoni a
wi th, possibbysagpenus, veelad Cagid, Gibn p3230i3 1sVbsRGeenbey ol i ng the
reaction m xgypepedid 02" 588i i &iformate and of potassium diformate by

dissolving sodium formate and potassium formate in formic acid.

25 The crystalline diformates may be obtained by decreasing the
temperature and by evaporating off excess formic acid.

DE 424 017 teaches preparing acid sodium formates having varying
acid content by introducing sodium formate into aqueous formic

30 acid in an appropriate molar ratio. By cooling the solution the
corresponding crystals can be obtained.

According to J. Kendall et al., Journal of the American Chemical
Society, Vol. 43, 1921, pages 1470 to 1481, acid potassium

35 formates may be obtained by dissolving potassium carbonate in 90%
strength formic acid, forming carbon dioxide. The corresponding
solids can be obtained by crystallization.

US 4,261,755 describes preparing acid formates by reacting an
40 excess of formic acid with the hydroxide, carbonate or
bicarbonate of the corresponding cation.

WO 96/35657 teaches preparing products which contain disalts of
formic acid by mixing potassium formate, hydroxide, carbonate or

45 bicarbonate, sodium formate, hydroxide, carbonate or bicarbonate,
cesium formate, hydroxide, carbonate or bicarbonate or ammonium
formate or ammonia with, possibly aqueous, formic acid,



resul t ant SI‘%L‘-{%@E@ drying the resultant filter cake and recirculating the
filtrate. 5 ant age of the abovenentioned processes is that, per nole
.of formate fornmed by the reaction with the basic conpounds, in each case
one nole of formc acid is consuned. This is because, as is known, it is
precisely the preparation of concentrat2d, that is to say substantially
anhydrous, fasequastly odvildhgi sh@ rAcRiOAeRExMHeGN £ eERH TR tB%t ensi ve

equi pment ,  and 13260541 R3NdnaCHEY By GRBSHOL NG anthys 1L e AhQveRgnti oned
processes, based on. the .nticte val ue-added chain, require extensive

equi pnent and are ~Ccos ?y ané Ener gy-consum ng. 15 German application No.

102 10 730.0 teaches preparing acid formates by reacting nethyl formate

Wit h wat er5 éndligaguasntage erfpohadariemegtaoped mfoceeed ok udwite per duadfe t he

appropri at e oflifesnetat faxmesit dyetlod m@Ehctdnd witisafeebhkyc rempoungs | hin

net hanol  f asdred capd &R inNnal by s&tdiddcthe; desingdeasi thtonkeBbcdysaddi ng

20 formc acid; Cpamh ARPLIECALLONAY 108 BhodiltidoheahesAherarigg mt al

formate/ form c aci mkture% g carhony ﬁt Ng the COrTes .oc{;lval ng net al

hydr oxi de t " itvést i %t SUPFEPREE ¥ PREI Mye fOEMF 35 datBECRntF £

cat al yst, 10 epnpries§ Yhichareani5ag eifensaval geuionentdi 3pd | ismtdoshlanandddi ng

form c acid émerddgygecorsatifor mhte tie apoodmestidieddesbressamt dhsed on the

format e/ f or idix igel dalheddddRd thaiss, aegEbiecixindike pPgessiint AYENLFON,

t her ef ore, t@o&\%ﬁyhﬂ& eaq(e .—BBHQSﬁﬁbﬁ"’m ch no | onger has the abovenenti oned
i ch make

di sadvant ages, it possibl'e to prepare acid formates on an
industrial scale in high yield and high space-tine yield, with,

si mul t aneb?isF§FMeingRPPESAHOR ¥ - WG4 1PedpBe? terbeRpBEeRPIUINdaRdidwi th t he
use of readiformteesky btematawgnmegrylalforaate whitdh wabepeamd tas bassenpl e
process procasiiporndi hivimyvaCaRr) te thestsn pighteOWeianef BheC @PpUsPtiae Ve
for mat 65, whiof anELpTlRare) BT, RS Rbs8 gL Rrny el ind AR tael |
verer; sty SRt SR a et g o8 A R reand PR Raadle ' om
the react FOnfH™CUREIdbt ai ned in process stage (a), 45forning a stream
conprising formc acid and water; and PF 53830 3 (c) conbining the stream
conpri sing fasnma® appUicaidonaierldy am t7he. procedessSpagpafing wethlt he

corr espondi N BRESrmiOTd81A0mi R dled Byec&PFRHY13RAgt Bke ardebpbR@ Ky and
vat er . metal hydroxide to give the metal formate in the presence of
25 water and a catalyst, removing the water and the catalyst by
distillation and adding formic acid to the metal formate to
produce the desired metal formate/formic acid mixture.

It is an object of the present invention, therefore, to provide a

30 process which no longer has the abovementioned disadvantages,
which makes it possible to prepare acid formates on an industrial
scale in high yield and high space-time yield, with
simultaneously high flexibility with respect to composition and
with the use of readily accessible raw materials and which

35 permits a simple process procedure with low capital costs and low
energy consumption.

We have found that this object is achieved by a process for
preparing acid formates, which comprises

40
(a) partially hydrolyzing methyl formates with water;

(b) separating off by distillation methyl formate and methanol
from the reaction mixture obtained in process stage (a),
45 forming a stream comprising formic acid and water; and



5 Acid formages 3 s&corrpounds and m xtures which contain formate anions
(HCOO ), cat 3 % +) and formc acid (HCOOH). They can occur together in
.the formof a solid or a liquid and if appropriate contain other conponents,
for exanple other salts, additives or solvents such as water. Cenerally,
the acid formates 10 can be represented by the fornula HCOO Mk+l /x * y

HCOOH (1), whey ecdhbihimgnenevet e ebmppol yMa) E8imidoidiaNia@dovatsgaition 15
cation, X is a ppsstirResat 8 9(@)01 bméhca{ee%otr?ssﬁ&?aﬂ% ebrihbee, %tr&n%%and
y gives the nola % l,§Jr}g;%];LJeOr(‘]mg joh ¢haC %ﬁ affSOOI' gnée wat%r mat € ‘ani on he

nmol ar fraction of tTormc aci d on eanlonyls general ly
from0.01 to 100, preferably from 0.05 to 20, particularly preferably from
0.5 to 5, &AnBcit fzomasaesi 2Ag Mompephds. ang @iztureghehickt geetain tiegmaher gani c
or organi c catiors MBEODS) | rapionsi i) aond fornticcatidpranooded Thegt dami s i S
stabl e Underoé‘@.&dlﬁdg@ﬂﬁeﬂnﬂerthewibﬁlh she achdaf 6F ratig qgusat endeishandl ed. This

al so i ncl udegep £ 26 CXaHPl £ SThAD! LhdbraNar ded e, Jadlye ggréprsrsattg ani on.

Possible i no 1 c catl on]ZV ar e e. nonoval enf and

a et a
cati ons of nBft §F oBPs’ Sfﬁho?s e Per F%’&? Bl & %fa‘flr‘l{e LoEMaHRht s,
for exanpll® Fap rﬁ%rﬁePEP$?nt%d1Yu#P€hl§q5mU1@ot assium (K+), cesium (Cs+),
magnesi um (My2+), cal cium (Ca2+), strontium (Sr2+) 30 and barium (Sa2+),
preferably sodium (Na+), potgpe-uMm,(K+)x, ¢gestoon (Cs+)yrapd cal cium (Ca2+).
Possi bl e organi c cations are unsubsti tuted amoni um (NH4) and anmmoni um
substituted b n- contﬁ; ni.ng, radi cal s which may al so be

on
li nked to on‘é gfﬁ‘ér If‘%rrlo 5 | 8 Y PA TS nt TR I Fe PRy T & ium 35
trimet hyl aﬁnﬁﬁﬂﬁﬁ &t H;‘/I anRRhithve dPERIRH amfoArdsatas Fé?h?‘ll%‘iﬁ?omfu‘g}l

pyrol | i di ni upptiemrenidyypgived dibei nmlar pigsertiidhnd finfornireahyd figsedi dnntlem or
pyridinium Aormdtzorniont arhe n@lakganact fcado€akotmiAraciasybsdd tait edeor 40

substi tuted, f@irméﬂ'éata'nfionafoigitde%e%lﬁfi adddzhat be £<§d10fba| pPéYéngalyf kegnl to 30
car bons. ThIP Ca}o {:Pé‘{h%l? OBPePJrarﬁi e t(f,\?oato%s aééjé% as oxygen
ni trogen, _sulfur, or pH ﬂ g i R- N=, -PR-
and/ or -PI@ BAGY T 15 EEIBSQ'IQI

ﬂJy one or nore functional groups whi ch,
for exanple, 45 contain oxygen, nitrogen, sulfur and/or hal ogen, for exarrpl e
by fl uori neThehatniree pfbtlver i®rgaodle ner andaalc acatyiamo Mt ap ift beincigdiecal R
here is al songt CaritaRatPNpLbvided ehganiicis adi s8hdle WRIePFc68B30 ohs under

car bon-cont aj pi ig ﬁCHeggeaa EadiGal 1§a9otl§‘e %a%g%a'ﬂﬁt A so PRL YRR for

radi cal , r exa nt or trivalent
fg example, stabl f%y toward the reduc1ng E%rmate anion. Possible

inorganic cations are the monovalent and/or polyvalent metal
cations of metals of groups 1 to 14 of the Periodic Table of the
Elements, for example lithium (Lit*), sodium (Na*), potassium (K%),
cesium (Cs*), magnesium (Mg2*), calcium (Ca2?*), strontium (Sr2+)

30 and barium (Ba2*), preferably sodium (Na‘*), potassium (K*), cesium
(Cs*) and calcium (Ca2?*). Possible organic cations are
unsubstituted ammonium (NHz*) and ammonium substituted by one or
more carbon-containing radicals which may also be linked to one
another, for example methylammonium, dimethylammonium,

35 trimethylammonium, ethylammonium, diethylammonium,
triethylammonium, pyrollidinium, N-methylpyrroldinium,
piperidinium, N-methylpiperidinium or pyridinium.

A carbon-containing organic radical is an unsubstituted or

40 substituted, aliphatic, aromatic or araliphatic radical having
from 1 to 30 carbons. This radical can contain one or more
heteroatoms, such as oxygen, nitrogen, sulfur or phosphorus, for
example -0-, -S-, -NR-, -CO-, —N=, -PR- and/or -PR; and/or be
substituted by one or more functional groups which, for example,

45 contain oxygen, nitrogen, sulfur and/or halogen, for example by
fluorine, chlorine, bromine, iodine and/or a cyano group (the
radical R here is also a carbon-containing organic radical). The



The ‘i ndi vi dulg% %{:gg@ss stages are described in nore detail below. 5 Process
stage (a) In stage (a), nethyl formate is partially hydrolyzed with
.water to formc acid and nethanol. Partially neans that only a 10 portion of
the methyl formate fed is hydrolyzed. In the inventive process, in process
stage (a) processes which are known pet se for hydrolyzing nethyl formate
can be used.cdboypenenaihimiey virgandé radiwalassh ivedusmbnalrbdyedtelogvant
processes f%olly‘ézah)éﬁl’eofé/&c%ll S £8F V&Fam1Qr aS¥RTIHE ol Rr LA TBN R qERgY C| opedi a
of Industrial Chem stry, 6th edition, 2000 el ectronic release, Chapt er
"FORM C ACI Pro uctio Q her swtabl e hydrolysis. processes . .are al so
descri bed, r’rﬁﬁguar‘]]r PHEEERS oS BRES O GE e Ciibel dnohorgaietasd Rpkow:
hydr ol ysi s5| S generally carried out at a tenperature of from 80 to 150C and
a pressure ofrdaess 6tdge o(d). 0 MPa absol ute. Reaction apparatuses which can

be used are in principle all reaction apparat uses whi ch are suitable for
reactions ingj h;?ro%ésé' guigb qusemeﬁﬁﬁmogﬁa Jahrlk 911%@&1:%’192&8%1 o
reactors. Pref ere use.o e rea ner a

itis advant‘é@teed:us t OE%’r‘gl c(}ut aP?\em%}’cTP&l sF&r i'r’l*iﬁ'tclllfe %?%sé‘r?ce g? ah aci d
cat al yst, 19j PrREioR; §st}§ﬁ’1|“ﬁt@éﬁl\t Formate é&geés JyduedYRGHr ol ysis rate. Acid

catal ysts which can be used are the formc acid which is formed or

addi ti onal cat alhestiavedtidre addckbonalin gababyststrn (he pfoduysegenrotls or
hg;egogﬁgﬁggﬁe 'k%tot&he lEXS?HTFflogSh éif AnGIRBERHS %@uséén YL udehd a

i X

pol y( perfl uof oﬁiﬁg Ogeip%‘% oni Héxg‘gl S %grﬁﬁég&a lé’ %a]leva?x/gprfocesseﬁquont)
and exanptash Fofete iy SCat 5P% <% &' sf‘?o manRa B BRTYE 1oPedi gt ¢

aci ds, such é%d%ﬂrﬂégl ehemisdryhy 8o eHi6i PR %&Odeéechwma rgheaseil yl sul foni c
aci ds. | f hoOhgereeo SORMI@IACIDS Produatsied” .t Oelser rudtabeaciyadolybésr enoved

in a subseq ce%ts@gearélqal@%paagbﬁgam tehe deshprd purkbyaaf dosesagishd
f or mat es to A R gRar § however, it is also possible to allow these to
e

remain i system In this case, the acid catalysts are usually
recover ed Pn the formof their salts in the acid formate. Particularly
preferably, Th hySFelusihyidr GPPeFalin GGaripPddoButat @ ASTPHAtiresefcEr ot
formc acid &% wcildotataid/ st prabsete dfoifdemallch ny 2aA Melliabsodakecat al yst
and its subsrsptaiion’ eppyPdtudespPRESEDIan dentssd natd AR pitdiplaciadif or mat es.
Ceneral ly, foLadlics RHpPOSGseBFwRB83%r2 suitable for reactions in the

25 liquid phase. Examples are stirred tanks and jet loop reactors.
Preference is given to the use of a cascade reactor.

Generally, it is advantageous to carry out the hydrolysis in the
presence of an acid catalyst, since this significantly increases
30 the hydrolysis rate. Acid catalysts which can be used are the
formic acid which is formed or additional catalysts. The
additional catalysts can be of homogeneous or heterogeneous
nature. Examples of heterogeneous catalysts are acid
ion-exchangers, for example polysulfonic acids or
35 poly(perfluoroalkylene)sulfonic acids (for example Nafion® from
Du Pont) and examples of homogeneous catalysts are strong
inorganic or organic acids, such as sulfuric acid, hydrochloric
acid or alkyl- and tolylsulfonic acids. If homogeneous catalysts
are used, these must generally be removed in a subsequent stage.
40 Depending on the desired purity of the acid formates to be
prepared, however, it is also possible to allow these to remain
in the system. In this case, the acid catalysts are usually
recovered in the form of their salts in the acid formate.
Particularly preferably, the partial hydrolysis is carried out in
45 the presence of formic acid as acid catalyst, which avoids adding
an additional catalyst and its subsequent removal or possible
contamination of the acid formates. Generally, for this purpose,



at the react%; ﬂ:ﬁg a formc acid concentration of fromabout 0.1 to 2% by
wei ght, bas on e liquid mxture present which contains water and nethyl
formate, is established, by targeted addition of formc acid or a stream
conprising formc acid. 5 The nolar ratio of nethyl formate to water to be
used in the hydrolysis in the inventiVv® process is generally fromO0.1 to
10. Since tdi shesraaceguiinleti anfomrmdct aond ameateasioh a@tfaomi sbout
preferably usedtoagsaby awdightoWsasddlorexaBpPl equfd @ikt bge t @asanagwd fciof EP- A
0 017 866. Resfianabl Yatdy mnacsééhﬁ A madl, Hweé{%mheéorﬂpattsr?@éie& he

wat er are fedddl G%TS jfafcgrr@tcl %ﬁe rfromS rea}‘ ﬁomrprlsgggp%t' cul_ar

preferably f50m eaction mx |nedmfcromghe parti al
hydrol ysi s®thus 15 conprises unreacted nethyl formate, formc acid,

met hanol andfhe @Wlag fatichefpmeteyl dprgeseoto arRtexc &9sbefusest én, that er .
Preferably, hydrcdgaesusn reectinoantive precesspis sesetadhy Stdam D51mod %0.

particul arl ysﬂ{c,%f %E@Q' ¥s fafrp@qﬁﬂi)bxlﬁm{ﬂib%’%ti&ﬁ Madn @Qbéss dff Qaedrt Ps 10 nol %
particularly sz F\ |1¥sJ &90 Jgoﬂ%%, e[;g}m ttl%eagr oclqe(s)rgg 6 to

15 nol % r er ab st age
(b) 25 | n?§ %%cg'fs sf)ag %ﬁ?’l’atfqé'r r’rﬁt Br%‘tianﬁ’ttﬁé{ﬁof h’réhfeeﬂﬁ
distillationfammatet Aed ridie MRSAT NR5Q Lfes Bt ai TRkRT Fapigcelsfromafel '(%1)1
form ng a stamhpaconpulasilyy preferablcifdoand. Watter 0.8kt hyl formate and
met hanol can here in principle be renoved together in the formof a stream

or separ at el y,d rie%@‘h%x?ﬂﬂ‘b&fur@ 8bi @QrSfR”Pﬁé Sdar}.gllﬁﬁt 9%%\7 rEgr's'I@t £n@hd a

stream co I’ISIn nol .are

ﬁis s unre cted Qeﬂ %’ mnge orﬁ%&n%c d andr1h
t aken of f eparatey St ReF Y h THE? part 5%t HE 8P am e
stream conptdion§of BP?nR:r @Fﬂe%n‘bs%\é’cferanl §X§%?fer°afl FtEaKkemRtEEt fromthe
bott om PrefRrefiegebly, giheerauaops oceans ionagexuye comphgs¢wifirom3s tenoval of
a stream cons inglRg pettidullaelrapee farablpt baowls tbhe2deslyn faradiopasst,i on of

the distillatign scebuim mosl%prEHBEiéMard‘?pEBQ%‘Ea&r} trhemCONROSILt ez Of the
stream whighy i %lgfleQO%Qtdé)%ndt oxqeé'{oeqsp%%%'o Q%cpﬁsri%&ﬁgggﬁi streans

and can be novvn way b artY The
met hyl fornaléc’"bépéf’a}gdnoolf“f’ PREPFMEss st age (b) is preferably

recircul ated to process stage (a) If, in process stage (b), as is
preferred, netdoessf etagd e(tand net hanol are 45 separated off together in the
formof a joi nt stream preferably the methyl formate, before it is

reci roul apgdy g@ﬁt 948 (b, heerm (oMb eBt R0 He chindl s4id LRRLOSa g s 1S

ener al | e ?
9 y p é atlon m the reaction mixture obtained in process stage

(a), formlng a stream comprising formic acid and water. Methyl
formate and methanol can here in principle be removed together in
the form of a stream or separately in the form of a stream

30 comprising methyl formate and a stream comprising methanol.
Generally, methyl formate and methanol are taken off separately
or together in the upper part of the column. The stream
comprising formic acid and water is generally taken off from the
bottom. Preference is given in process stage (b) to the joint

35 removal of a stream comprising methyl formate and methanol.

The design and operation of the distillation column is primarily
dependent on the composition of the stream which is fed and on
the desired purities of the two product streams and can be

40 determined in a known way by those skilled in the art.

The methyl formate separated off in process stage (b) is
preferably recirculated to process stage (a). If, in process
stage (b), as is preferred, methyl formate and methanol are

45 separated off together in the form of a joint stream, preferably
the methyl formate, before it is recirculated, is substantially
freed from methanol by distillation. This 1is generally performed



6 in a colum downstream of the columm of process stage (b). Since nethyl
formate is gppesggiy prepared by carbonylating nethanol, it is particularly
advant ageous to recirculate the stream conprising the remaini ng nethanol as
starting material for the 5 preparation of nethyl formate, in which case the
met hanol to be recirculated in this variant can certainly still contain
residual anmounts of nethyl formate. Thls it is only necessary in the

overal | bal abkee2 taolpmp| dewngtireagnaf | theetdednoh PHrovelsy $tead (et Ramed . 10
Process st ageeflg)l Iforpateeiss gehagelly )prepacedt by ararboayl pt Doesethbage, (b)

}Ahi ch corpr isess fRrt6ubsl 1y addanes@dodss t@oggwﬁﬂu\atbhthéestlr%aﬁpr respondi ng
ormate, for Qs m-X kgl a ; : : e

for mt o6 1 o Baerae HEEHRRLS MLIIITEs e TR Be e 1Y 20
MO0 Mc 1/ 3 PRI RSP o MIRTIN RRUEe(9rn Mol sec FEIETIANGE £p)be
Preferably, IROHHUMPESHnER £hiSoVatsrRimTasy RRFEAHNY Stiddl eorfAiforRELe s
used 25 in taeounhsepti Rethylbdesgatandilper titc ik aodly meekesaty yims¢dieum
format e and/ evefillapalaiitd cidTaepladdecharialli fettine 1 bsséomitessho be
used are addggdiisoigenerally not critical in the inventive process. They can
be 30 add insolid or liquid form as pure substance, as m xture of

subst anceS or as solution, Exanples are addition in the formof aqgueous

sol utions (fBFos&iSradaqtitous sol utions of the alkali netal formates) and
addition in the formof solid conpounds (for exanple powders of the alkali
nmet al f or mat &s)prdéesbeseage (i ,3bhgi staredno faddi piaresisn st ge f @r)mwaficaqueous
sol utions. ThemgridRls EBrmtd GrilihenatwLap f508bhbEndd %Qﬁstﬁe% age (b) \ggi gh_
conprises,to id. r, a orf: o] are..added is
general ly lt'r?oég%:%sﬁjﬁggﬁﬁ?gf%etieﬁvgﬁﬁi\}gg %r @égggpgfar@%flg%g?l%u g(ré,ldi t is
possi bl e and*AH}A %5 2A8vERtHyeous, before they are combined, to concentrate
formc acid in the streamfrom process stage (b) which conprises formc

aci d and wat @he flarmalies tedre esed oemtdagreradyybee mEgdaesentedrky chear, of
renoving a perddlen (aftythe water present by evaporation, preferably by 45
distillatihgn. PF 53830 7

HCOO-MX* /4 (1I1),

where M and x have the meaning specified under (I). Preferably,
sodium formate, potassium formate and/or calcium formate is used

25 in the inventive process, and particularly preferably sodium
formate and/or potassium formate.

The manner in which the formates to be used are added is
generally not critical in the inventive process. They can be

30 added in solid or liquid form, as pure substance, as mixture of
substances or as solution. Examples are addition in the form of
aqueous solutions (for example aqueous solutions of the alkali
metal formates) and addition in the form of solid compounds (for
example powders of the alkali metal formates). Preference is

35 given to addition in the form of aqueous solutions.

The order in which the stream from the process stage (b) which
comprises formic acid and water and the corresponding formate are
added is generally not critical in the inventive process. In

40 particular, it is possible and may be advantageous, before they
are combined, to concentrate formic acid in the stream from
process stage (b) which comprises formic acid and water. In this
context, mention may be made, in particular, of removing a
portion of the water present by evaporation, preferably by

45 distillation.



Tenper ature gpdsigfﬁsure are generally not critical for the conbining
operation in process stage (c). Generally they are conbined at a
tenperature of fromO to 150C and a pressure of from0.01 to 0.3 Mra
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25
Preference is given to a variant in which, in the process
stage (c)

(i) the stream comprising the formic acid and the water from
30 process stage (b), together with the mother liquor
recirculated from step (iv) is concentrated in a column or
an evaporator with removal of water by distillation;

(ii) the stream which was produced from step (i) by
35 concentration and which comprises formic acid, water and
formate is combined with the corresponding formate forming
a mixture comprising the acid formate and water;

(iii) solid acid formate from the mixture comprising acid formate
40 and water which is obtained from step (ii) is precipitated
by crystallization and this is isolated; and

(iv) The resultant mother liquor is recirculated to step (i).
45 The column or the evaporator in step (i) is generally to be

operated in such a manner that a portion of the water fed can be
taken off, for example overhead. The remaining stream comprising



8 formec ackg, g/ghgr and formate generally has a water content of from 10
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t he custoﬂ'er manner. Generally, the crystallization is carried out at a
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variant i QS“QRS&htid} BE88§§§ crystallized out increases with decreasing
temperature. The crystallization can in principle be carried out
in all apparatuses known for this purpose. Said embodiment is
particularly advantageously usable for removing acid formates
which can crystallize in the desired composition. Relevant
30 examples are potassium diformate (HCOOK - HCOOH), sodium
diformate (HCOONa - HCOOH), sodium tetraformate
(HCOONa -+ 3 HCOOH) or mixtures thereof. The formates or acid
formates which have crystallized out are generally removed by
customary and known methods, for example by filtration or
35 centrifugation.

The mother liquor which is produced in the crystallization of the
solid acid formate is recirculated in step (iv) to step (i).
Since this mother liquor still comprises a considerable

40 proportion of product of value, isolation thereof is thus also
ensured. However, alternatively, it is also possible to use the
product of value present in the motehr liquor in another manner,
for example by direct use as solution.

45 lLikewise, preference is given to a variant in which, in process
stage (cC)



stage (c) PF ?3§§R 8 (1) the streamfromthe process stage (b) conprising
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formate havi pdr@icular in the isolation of the acid formate by means of melt

25 crystallization, a lower water content of generally =1% by weight
is set in the bottoms product. Said procedure has the advantage
of a certain concentration of the stream comprising the acid
formate. The water withdrawn from the column or the evaporator is
advantageously recirculated to the hydrolysis stage in process

30 step (a) and the excess is taken off from the process. The column
or the evaporator is designed in the manner known and customary
to those skilled in the art.

The spray granulation, spray-drying and melt crystallization

35 procedures are generally known to those skilled in the art, in
which case the precise design and procedure can be carried out in
the customary manner. The abovementioned methods can also
particularly advantageously be used for removing acid formates
which can be crystallized in the desired composition. Relevant

40 examples are potassium diformate (HCOOK - HCOOH), sodium
diformate (HCOONa + HCOOH), sodium tetraformate
(HCOONa + 3 HCOOH) or mixtures thereof.

Since in spray granulation, spray-drying and melt

45 crystallization, advantageously an aqueous acid formate having a
low water content can be used, generally, also, only a small
proportion of condensate or free formic acid is obtained.
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solutions, or crystalline as solids. If appropriate, they can

further be admixed with other components, for example other

formate salts. In the case of the crystalline acid formates, it

is generally advantageous for storage, transport and use to

30 compact these together with a desiccant, for example silicates or
starch, to form a particulate compactate or diverse shaped
bodies, for example tablets or beads.

Preferably, in the inventive process, the acid formate prepared

35 is an acid metal formate and the metal formate to be supplied in
the process stage (c) is prepared by carbonylating the
corresponding metal hydroxide.

The acid metal formate generally comprises, as possible inorganic
40 cations, the monovalent and/or polyvalent metal cations of the

metals from groups 1 to 14 of the Periodic Table of the Elements,

for example lithium (Lit*), sodium (Na'*), potassium (K*), cesium

(Cs*), magnesium (Mg2?*), calcium (Ca2?*), strontium (Sr2*) and

barium (Ba?*), and preferably sodium (Na*), potassium (K*), cesium
45 (Cs*) and calcium (Ca?*).
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formate
preferably from 0.3 to 6 MPa absolute.

W

The catalyst used is at least one catalyst selected from the

30 group consisting of the alcohols and formic esters. In principle,
all catalysts are suitable in which the metal hydroxides dissolve
readily. Suitable catalysts are, for example, saturated
unbranched C;-C4, alkanols, unsaturated unbranched C;3;-C4 alkanols,
saturated branched C3;-C4; alkanols and unsaturated branched C4

35 alkanols, and formic esters thereof. If an alcohol in a mixture
with a formic ester is used as catalyst, generally the formic
ester of this alcohol is used. Preference is given to use of
saturated unbranched C;-C4 alkanols and saturated branched C3-C4
alkanols, particularly preferably methanol. The catalyst is

40 generally used at a concentration of from 1 to 40% by weight,
preferably from 5 to 25% by weight, particularly preferably from
10 to 20% by weight, based on the total reaction solution.

Compared with otherwise customary processes for formate

45 preparation, operations can be carried out at higher
concentration ranges of the metal hydroxide and with a trend
toward higher pressures and lower temperatures. Since the
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The metal hydroxides are generally used as agueous solution. The
concentration of these metal hydroxide solutions is generally
from 25 to 50% by weight, preferably from 45 to 50% by weight,

30 particularly preferably 48.5 to 50% by weight. The aqueous
soltuion can also comprise a plurality of metal hydroxides.
Generally, no special requirements are made of the purity of the
metal hydroxide solutions used. Therefore, generally, technical
grade metal hydroxide solutions can be used. The preferred

35 inventive process may also be carried out using pure metal
hydroxide solutions. Preference is given to the hydroxides of
sodium, potassium and/or calcium.

Carbon monoxide can be used not only as individual component, but

40 also in a mixture with other gases, for example nitrogen or noble
gases. If carbon monoxide is used in a mixture with other gases,
the content of carbon monoxide in the gas mixture should be at
least 5% by volume, preferably at least 10% by volume,
particularly preferably at least 25% by volume, and very

45 particularly preferably at least 50% by volume. The carbon
monoxide partial pressure during the reaction should generally be
from 0.1 to 12 MPa, and preferably from 2 to 6 MPa. Generally, no
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is fed to process stage (c

Preferably, step (ii) is carried out in a column by feeding as
feed the stream from the process stage (b) comprising methanol

30 with or without methyl formate and feeding, beneath the
abovementioned feed, the reaction mixture comprising the metal
formate, water and methanol resulting from the carbonylation. The
low-boiling components methyl formate and methanol ascend,
whereas the metal formate and water descend and are withdrwan as

35 bottoms product. The lowest-boiling component is withdrawn as
overhead product. If, from the process stage (b) a stream
comprising methanol and also methyl formate is fed, as is
particularly preferred, a stream comprising methyl formate is
withdrawn as overhead product from the column. This stream is

40 preferably recirculated to the process stage (a) for hydrolysis.
The methanol-containing stream is produced in this case as a side
stream in the upper region of the column. Since methyl formate is
generally prepared by carbonylating methanol, it is particularly
advantageous to recirculate the methanol-containing stream as

45 starting material for the preparation of methyl formate, in which
case the methanol to be recirculated in this varient can
certainly also comprise residual amounts of methyl formate. Thus,
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t he upper res 0 ? the colum. Since nethyl formate is generally prepared
.by carbonyl ating nmethanol, it is particularly advantageous to recirculate

t he met hanol -containing streamas 45 starting material for the preparation
of nethyl formate, in which case the M hanol to be recirculated in this
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(process stage 4 artivhilehly gaetfeonedi etihtiddémeRrb, ceingprdimesifitedarbedssaet hyl
formate, watefow fdHaFtCwACtll @NEhBRhNANGigurs i edvdd a ihieng1 { 2)mdt@ytihe col um
(B) in whichefhg,Jeaqt %99&“8&%&%?% SRRAAt 6di P r{ji'c%]t 'ié'f‘édél v19k8gan
over head tream conprising met Y of mat.e an t hano and a bottons
ot ean coffr FETR G IRBEBRRST AR U oY HE. BRECRIS W BBy S LS e 25G0by bk head
st r eam conpr FeRIR gt hifhe f endrdtar &g MRteaALs| 879 Fowgat 19 ide gpsisedol um
(O . In addi inber, tHemperetute dm @ keat eexah@amger sprgniredal( aé oshre innwaber and
net hanol froméhehaganbenydeddrareis. fenk treaktheos ahitnreCor Deieatifgt Beoh nl et
point of  the,StHRATHGONRriSiJad (BebByds TRt ¢ ?‘E,g thapglcvidh hiiReutd2) -
35 Met hyl %ormat € 1S Obtaine ovg;}hfap fraom cof [ (L) _via Tl e %4) and is
reci rcul af@dCPBPTHE SpHBERIE glq' ¥3) F9P e YAV o iydfidc acid an
methanol, 1s fed via 1line (2) to the c¢dlumn (B) in which the
reaction mixture is separated by distillation into an overhead
stream comprising methyl formate and methanol, and a bottoms
stream comprising aqueous formic acid (process stage (b)). The
30 overhead stream comprising methyl formate and methanol is fed via
line (3) to column (C). In addition, the reaction mixture
comprising metal formate, water and methanol from the
carbonylation is fed to the column (C) beneath the inlet point of
the stream comprising methyl formate and methanol via line (12).
35 Methyl formate is obtained overhead from column (C) via line (4)
and is recirculated to the process stage (a) for the hydrolysis.
A methyl-formate-containing methanol stream is obtained via a
sidestream takeoff in the upper region of the column and is fed
via line (6) to the column (D). In this column the stream is
40 separated into a methyl formate overhead stream which is
recirculated via line (7) to the process stage (a) for the
hydrolysis also, and a methanol bottoms stream, which is
recirculated via line (5) for the preparation of methyl formate,
with the amount of methanol required to catalyze the
45 carbonylation being fed to the carbonylation reactor. The
carbonylation for preparing the corresponding formate is
performed in reactor (H). To this is fed aqueous metal hydroxide,
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i ne crystalllzatlon apparatus. The crystalllzatlon is primarily
performed by temperature decrease. The resultant crystals are fed
together with the supernatant solution for separation to the
apparatus (F). Preferably the separation is performed by
30 centrifugation. The separated crystals are withdrawn via line
(16) and can be dried and/or compounded, for example in optional
following stages. The resultant mother liquor is recirculated via
line (17) to the column (E).

35 In another particularly preferred embodiment, whose simplified
process flow chart is shown in Figure 2, the process stages (a)
and (b) and the preparation of the metal formate, preferably of
the potassium formate, and the operation of the columns (C) and
(D) are carried out as described in the above particularly

40 preferred embodiment. The stream comprising the aqueous formic
acid from the process stage (b) is fed via line (14) and the
stream comprising the aqueous metal formate solution from
column (C) is fed via line (13) to the column (E). The column (E)
is advantageously operated in such a manner that the bottoms

45 product obtained is a concentrated mixture comprising formic
acid, metal formate and water having a water content generally
from 0.5 to 30% by weight. A portion of the water fed is
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a markedly lower energy consumption. In addition, in part the use
of high-alloy steels can be avoided, since the acid formates are
much less corrosive than concentrated formic acid.

30
In addition, the invention relates to an apparatus for preparing
the acid formates according to the inventive process, comprising

(a) a reactor (A) suitable for hydrolyzing methyl formate;
35
(b) a column (B) suitable for separating by distillation a stream
comprising methyl formate, formic acid, methanol and water
into methyl formate, methanol and a stream comprising formic
acid and water, which column is connected on the feed side to
40 the reactor (A);

(c) a column (E) suitable for removing water from a stream
comprising formic acid and water, which column is connected
on the feed side to the column bottom of column (B).
45
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conpri ses to apparatus (G); and
20
(g) a connection line (17) between apparatus (F) and column (E),
which connection line is suitable for recirculating mother
liquor.

25 The apparatuses (G) and (F) are designed in the manner which is
customary and known to those skilled in the art.

Furthermore, the preferred apparatus is an apparatus which, in
addition to the abovementioned features (a) to (c¢), comprises
30
(e) a possible supply to the column (E), which possible supply is
suitable for feeding aqueous formate; and

(f) an apparatus (G) suitable for spray granulation, spray drying
35 or melt crystallization, which apparatus is connected on the
feed side to the column bottom of column (E).

The apparatus (G) is designed in the manner which is customary
and known to those skilled in the art.

40
In addition, the invention relates to the use of the inventively
prepared acid formates for preserving and/or acidifying plant and
animal materials. Examples are the use of acid formates for
preserving and acidifying grass, agricultural plants, fish and

45 fish products and meat products, as are described, for example,
in WO 97/05783, WO 99/12435, WO 00/08929 and WO 01/19207.
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invention Telates tqQ the use of the inventively prepared acid formates for
treating bi oWRsA¥Et1PRe the GVERELIMR FIRtEEECf e tU45€aPE nEDilBNEEE &%l %
descri bed, fprepradpkreidifPrma@es8a09iditise| an azklinaloputt Heidmeedy ponas
rel ates to té&eowtde pebmbberd meankhviedys, [FoepakatpReifdrf breediasy aswadditive in
Ireda g LR, SN RETS SChel, iR Lo S GO
i i [ v . .fish, i
use 10 i sigeﬁ%r?%ec%\,%? gf %é(‘ﬂaﬁpxﬁ}é\?l?h%w&ﬂ gg%%%fprpé:? g?lé%%cee i'S gfLV/%I?] %%
the use of tHhee YifeREi TRE yEobar ety RGPap6HadSt RN GSRAtR LTIt Har ] cul ar
pot assi um di parud araBotakh itumy dif eregtievafsnadditiven inapningl astgidi®h
pronot ers f oandfordralssgrowtipariomoténs foor abimedls Ngirs astacelar dwirng/ f i ni shi ng

pigs. 15 Vepyedfifrdg GUWardnd RirelengeeidiisntigesidHr the preferred use of the
acid potasgiumformates prepared by the inventive process as additive in

animal nutrition and/or.as growh pronoters fo imals_are the foll ow ng
fo conpos: { VERE- 00 881§ f eRerd-Rrd dRbEuSes okar el Bl i iRe B, SHe
acid potassium formates prepared by the "inventlive process as

additive in animal nutrition and/or as growth promoters for
animals are the following two compositions:

20
Mixture 1 Mixture 2
(% by (% by
weight) weight)
Potassium diformate 20 to 60 60 to 99
25 [5odium diformate/tetraformate 20 to 50 -
Calcium formate 0 to 25 0 to 28
Dessicant (silicate or starch) 0 to 4 0 to 4
Water 0 to 5 0 to 5

30

Very particular preference is given to the use of the inventively
prepared potassium diformate as additive in animal nutrition
and/or as growth promoter for animals in the form of a product of
composition 98.0 *1% by weight potassium diformate, 1.5 1% by

weight silicate and 0.5 =0.3% by weight water.

35
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45



Pot assi um din%?rggﬁggo to 6060 to 99 Sodiumdiformate/tetraformte20 to 50---
Cal ci um for 250 to 28 Dessicant (silicate or starch)O to 40 to 4
WaterO to 50 to 5 30 Very particular preference is given to the use of the
inventively prepared potassiumdiformate as additive in animal nutrition
and/or as growth pronoter for animals i¥® the formof a product of
conposition 98.0 1% by wei ght potassiumdiformate, 1.5 1% by 35 wei ght
silicate andy®.&3m3% by wei ght water. 40 45 PF 53830 19 5 W claim 1. A
process for prepari ng acid formates vvhi ch corrpri ses (a) parti ally

hydr ol yzi ng 0 S_wWth wate S ing. off distillation
net hyl forma é a opronftsﬁaﬁ?ﬁ L?rre(?r%rtlﬁg ? °6Hgﬁ? ‘UP%%SPEP%%%F% n process
10 stage (8), forming a stream conprising formc acid and water; and (c)
conbi ni ng t he stt®arpadimeldilyi hydfamziogasethyEndonns bes Wirtdjlnwtiherpr ocess
stage (b) with the corresponding formate 15 formng a m xture conprising the
acid formate and t@épar%uﬁg%@ﬁ@ﬁﬁd@étﬂféﬁ%% h@tﬁ&ﬁ'ﬁr%atwﬂ%&' n, in the

process —stage (a) jgﬂglgﬁﬁ ¥ q!@ﬁ&%aa 1on Li@%&? oé%éife% 15 pr cégg ar

ratio of 0.1 to 1. ocess as C dinc erein the
nethyl fd&Pmate sepa?ta"‘lg«?d(éf’f f‘?‘FWcés%tE‘?aébL?OF‘Bfl?%“? efcﬂri‘“&ﬁlﬁ‘f’ecﬁ ang

process stage (a). 2ater;Aapdocess as clainmed in clains 1 to 3, wherein, in
the process stage (d) 30 35 (i) the streamconprising the formc acid and

the water fromthge wnqqelaagsw@%dr@)m to@st BmgWebAnid edTat Bed waddeguor
recircul ated from st Lg% gjt_,??‘%gn%@_gbga 13 vh%h @hgoémsggﬁagngv ANA@Lor

with reno of vvate tion stre uced
fron1step¥? ) by for 1ng a mixtite comp§ ing e ac1é”?orma%e 253 ARt

A process as claimed in claim 1, wherein, in the process
stage (a), the methyl formate and the water are fed in a
molar ratio of 0.1 to 1.
20
3. A process as claimed in claims 1 to 2, wherein the methyl
formate separated off in process stage (b) is recirculated to
process stage (a).

25 4. A process as claimed in claims 1 to 3, wherein, in the
process stage (d)

(1) the stream comprising the formic acid and the water
from the process stage (b), together with the mother
30 liquor recirculated from step (iv), is concentrated in
a column or an evaporator with removal of water by
distillation;

(ii) the stream which was produced from step (i) by
35 concentration and comprises formic acid, water and
formate is combined with the corresponding formate,
forming a mixture comprising the acid formate and
water;

40 (iii) solid acid formate from the mixture comprising acid
formate and water obtained from step (ii) is
precipitated by crystallization and this is isolated;
and

45 (iv) the resultant mother liquor is recirculated to step
(1).



concentrati gF BBB3I®NpPri ses formc acid, water and formate is conbined with
the corresponding formate, formng a m xture conprising the acid formate
~and water; 40 (iii) solid acid formate fromthe m xture conprising acid
formate and water obtained fromstep (ii) is precipitated by
crystallization and this is isolated; 28nd 45 (iv) the resultant nother
liquor is recir@ulpabedss casstodjpiméd)in RAaS3830 260 3,5whlrpiwcess pascesai ned in
claims 1 to 3, wiegei c)in process stage (c) 5 (i) the streamfromthe
process stage (b) conprising the formc acid and the water and the
correspondi ng for.mate . are _conbined forma m xture conprising the acid
formate and water’in athgofﬁﬁ%a%ré}gﬂl %83&?%‘1%15 frese ﬁ’be)nﬁnggPrbs_f ttle by
distillati®n; and 10 GOFPiSorfif &dthervtes radskparcaregsperding fprapte
granul ation, spray dryregconbindd tor formld imdattuoa ¢onpnisting thetagia obt ai ned
fromstep (i) conprisifdgmacédand vafekeirnng dALeh, o Ngh tdviaposat bl vacihd

formate is isolated. bacfalbPrRAGEESHFASAIA@BITERMiLN; i ™ 1 to 5, wherein
the acid formate prepared is an acid nmetal formate and the nmetal formate

to be supg%i ed in process stagez{((yci) i s produced bg carbonyl ating the
correspont® ng netld) hyPledi aetd Zerpata bt ciapagaked P4 MYdSPR2¥I ai m 6,
wherein (i) 25 30 the anpbatieni ePray deyindedronelt rrnvissapl ézaticn grom
nmet hanol as catal yst; thei hikhera etthtiacd freackicop (Ml Xtaomprdeimy iaiing net al

formate, water and netdeanatet&getaeerW fhy te sSEHEAM acGANRbERARY et hanol
with or wthout methyl; ferppse from the process stage (b) is separated by

di stiIIatggn into a streamconprising nethanol, with or without a stream

conprising nethyl formate and a stream_conprising the . .
6. A process as claimed in claims 1 to 5, wherein the acid

formate prepared is an acid metal formate and the metal
formate to be supplied in process stage (c¢) is produced by
carbonylating the corresponding metal hydroxide.

20
7. A process as claimed in claim 6, wherein
(i) the carbonylation is carried out in the presence of
methanol as catalyst;
25

(ii) the resultant reaction mixture comprising metal
formate, water and methanol together with the stream
comprising methanol with or without methyl formate from
the process stage (b) is separated by distillation into

30 a stream comprising methanol, with or without a stream
comprising methyl formate and a stream comprising the
metal formate and water; and

(iii) the resultant stream comprising the metal formate and
35 water is fed to the process stage (c¢).

8. A process as claimed in claims 1 to 7, wherein the acid
formate prepared is acid potassium formate, acid sodium
formate, acid calcium formate or mixtures thereof.

40

9. A process as claimed in claims 1 to 8, wherein the acid
formate prepared is potassium diformate, sodium diformate,
sodium tetraformate or mixtures thereof.

45 10. An apparatus for preparing acid formates as claimed in claims
l to 9, comprising:



nmetal fornater &88B3@mter; and (iii) the resultant stream conprising the netal
formate and 35 water is fed to the process stage (c). B. A process as
clained in claims 1 to 7, wherein the acid formate prepared is acid

potassium formate, acid sodium formate, acid calciumformate or m xtures

t hereof. 40 9. A process as cl ai ned in2dlains 1 to 8, wherein the acid
format e prepareda)s apoeassounixl fsoinabke Kodhydrdiyainpinethy$othrmate ;
tetrafornmate or m xtures thereof. 45 10. An apparatus for preparing acid

formates as cl ai "H%d d '&o@hﬁh EB ) JSUlQagleCfHH‘) 'eih?gtlfd’;g; %th]llat(

reactor (A swtablef h ol.yzi ng rpate

sui tabl e for separ at nga'g é/%ﬁ%"lt Rk ngh}gy = c%o aﬁglgg’rre ormate
formic acid, nethand”d5v3 ﬁrvv?dité“r mefkhyl n%QUrW‘I ep oPgietaniolngpf a"hofftr&ﬁ‘ﬂ‘ a stream
conprising formc accarapdingtfarmighpetd caldumates, Woisle €peUMDNLS he f eed
side to the reactor dofthected @n chleutfised Bideuitbabhe fexctoenpr)ng water from a
stream 10 conprising formc aci d and water, which colum is connected on

the feed S|deto h h o} 44m t

clainmed in_clai n(n = %%ngfra?s %g]t?%%{?% q?gééngg jwa : ?‘gbﬁa S'{fsfe%
crystal li2Png acid f arng r(‘?‘l’rcaﬁ af &t §e50n°ﬁl§§ie&° WR He feed side
to the colum bott SAPGECESE A HhE) £8Rd isien thoERE KT WREBPYLRR OfaGAEBTR
formate; 20 (f) an amaratus (F) suitable for separating off crystals of
the acid for rrate whi ch apparatus is connected on the feed side to
apparatus (Qi aifl sppak@lud £OVIGEHLAN] NG 0179, Refpeensdpparatus (F) and
col um g,_), whi'ch connection Iine is suitable for réecircufating nother
liquor. 1 An a{)cgaratus as clained in claim 10, corrprl si.ng 3%)&; 2[%

possi bl e supply fe 2PBREATIS EF) fhi B3P Mo Lo hFEYS R id 23 nEsacif (FBFatf or
f eedi ng aqueous for mitieh appaydbusansapprirentes CC) theifegd sidertaphgy
granul ation, spray dButnybogtar ofetdlamystEgl kndate an,posisibhe apailat o 1S

aqueous formate;

20
(f) an apparatus (F) suitable for separating off crystals of
the acid formate, which apparatus is connected on the
feed side to apparatus (G); and
25 (g) a connection line (17) between apparatus (F) and column

(E), which connection line is suitable for recirculating
mother liquor.

12. An apparatus as claimed in claim 10, comprising

30
(e) a possible supply to the column (E), which possible
supply is suitable for feeding aqueous formate; and
(f) an apparatus (G) suitable for spray granulation, spray
35 drying or melt crystallization, which apparatus is
connected on the feed side to the column bottom of column
(E).

13. The use of the acid formates prepared as claimed in claims 1
40 to 9 for preserving and/or acidifying plant and/or animal
materials.

14. The use of the acid formates prepared as claimed in claims 1
to 9 for treating biowastes.
45



connected onptrhg3g8sed side to the columm bottomof colum (E) 13. The use
of the acid formates prepared as clainmed in clainms 1 40 to 9 for preserving
and/or acidifying plant and/or aninmal materials. 14. The use of the acid
formates prepared as clainmed in clains 1 to 9 for treating biowastes. 45 PF
53830 22 15. The use of the acid forned%s prepared as clainmed in clains 1
to 9 as an adsitThe ge afii fhé duild ifornated) Prepagsd giHlaimpdohmtcyaimkol

animals. 5 10 15¢g0y 23 3@ 38d#%ivAD in animal nutrition and/or as growth
promoters for animals.
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