PF 0000054521/ Gry AS ORI G NALLY FI LED Preparation of acid formates The
invention relates to a process for preparing acid formates and to the use of
the 5 acid-formates prepared by this nmethod for preserving and/or
acidifying materials of vegetable and/or animal origin, for treating

bi owastes and al so as additive in aninmal nutrition, 000545 EGoyr onot er
for animals. Acid formates have an antihicrobial activity and are used, for
exanple, for 10 preserving And acidifying materials of vegetable and ani nal
origin, for ASSORIGEINXSEAsY FIILEPD tural products or neat, for treating

bi owastes, or as addittve tor aninal nutrition. Acid fornmates and
preparati on—nethods for these have long been known Thus . 15 Grelins

Handbuch der anorgani schen Chem e [Grelin's handbook of inorganic
chemi stry], 8th Edition, Nunbgr 21, pagges.816 to 819, Verlag Chenie GrbH,
Berlin 1928, and Number 22, pgwrgq&ggagg%?r%ﬁ ag Chenie GrbH, Berlin
1937, describes the synthesis of sodiumdifornmate or of potassiumdiformate
by dissolving sodiumformate or potassiumformate in formc acid. By
| owering the 20 tenperature, or by evaporating off excess formc acid, the
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sodiumformate Into aqueous formc acid in a correspon mg_ nmol ar ratio.
DE- A 198 43 vegrtable dindar oxdmaky ofigige d9s trphinien bipstastss | and palses jap| additiyepine par e
acid for mt@mAhudftionNSUstdrb@th Srembfr fél Ailhigh space-time yield, wth great
flexibility wth respect to conposition, and using readily avail able raw
materials and permits 30 a sinple processing arrangenment with | ow capital
costs and | wigrfergytes havlianemithisrobidleacpiving emd Sleadided, 610 axamBPIBY forf Or Mat e
termed Fo herei.nafter faor. short.. By nmeans of partial .hydrol.ysis of MeFo,
a form -acipa?séﬁvﬁ?%ﬁ%?ﬁa‘d@é"r“éa tlexgals(%tvgg%tgﬁea 8%aﬁ8ﬂgl ygﬂ'rolﬁvﬁ%cﬁ portion
of MeFo is uarses; tagdculuralhprodtPpr GBHO0SA SR atingiowastes, or as additive for

animal nutrition.

Acid formates and preparation methods for these have long been known. Thus,
15  Gmelins Handbuch der anorganischen Chemie [Gmelin’s handbook of inorganic
chemistry], 8th Edition, Number 21, pages 816 to 819, Verlag Chemie GmbH,
Berlin 1928, and Number 22, pages 919 to 921, Verlag Chemie GmbH, Berlin
1937, describes the synthesis of sodium diformate or of potassium diformate by
dissolving sodium formate or potassium formate in formic acid. By lowering the
20  temperature, or by evaporating off excess formic acid, the crystalline diformates

can be obtained.

DE 424 017 describes the preparation of acid sodium formates of varying acid
content by introducing sodium formate into aqueous formic acid in a

25  corresponding molar ratio.

DE-A 198 43 697.1 discloses a process which makes it possible to prepare acid
formates on an industrial scale in a high space-time yield, with great flexibility
with respect to composition, and using readily available raw materials and permits
30 a simple processing arrangement with low capital costs and low energy
requirements. The process starts from methyl formate termed MeFo hereinafter for
short. By means of partial hydrolysis of MeFo, a formic-acid-containing stream is
obtained and the non-hydrolyzed portion of MeFo is converted to the



correspondi ng netal formate by saponification. By mxing the formc acid and
the netal-formate-containing stream the acid fornmate i s obtained.
Alternatively, it is also possible, in accordance with the process of DE-A
102 37 380.9, to provide the netal-formate-containing streamby a different
met hod to saponifying MeFo, in 5 particular by carboy08@005452i/Gatyal
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as high as 5e PPt ace-tine yield and thus rather to establish a high
concentration of MeFo. In the literature, a multiplicity of processes and
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can lead to serious problems in the continuously operated process. Both side
20  reactions lead to the formation of alkali metal formate. Thus, the alkali metal
methoxide used reacts with any traces of water introduced in a hydrolysis reaction
to form of alkali metal formate and methanol. Furthermore, the alkali metal
methoxide used also reacts with MeFo present, forming alkali metal formate and
dimethyl ether. The alkali metal formate can then, owing to its inadequate
25  solubility in the reaction medium, lead to deposits in the apparatuses and pipelines
up to blockage of pipes and valves. The risk of salt precipitation is particularly
high at a high methanol conversion rate, and thus at a high MeFo concentration and
can therefore be decreased, in principle, by establishing a partial conversion,
ensuring a low concentration of MeFo. However, this is opposed by the effort to
30 achieve as high as possible a space-time yield and thus rather to establish a high

concentration of MeFo.

In the literature, a multiplicity of processes and process variants are discussed
which differ owing to different measures to decrease the tendency toward
35 formation of deposits.



35 formati on of deposits. -3 PF 00000545211Gwy For instance, DE patent 926
785 describes a high-pressure process operating at 30 MPa, in which, to
decrease the salt precipitation, only a | ow catal yst concentration of 0.25%
by wei ght of sodium (equivalent to 0.59% by wei ght of sodi um nethoxide) is
used. In addition, the reactor contents are conti nuoult Q0®0s452l/emyt o keep
in suspension the precipitated amounts-3f salt. The liquid reactor effluent
whi ch cont ai ns about 90% MeFo i s expanded and worked up by distillation. DE

patent 926 &b ifaswel DESpaeht gt P83 d6dirBeh AGESPreefied pidca eperathgMia in 10
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di still ati orfontansabrua)0s Mediodeexandedsand worked pp by disfillatifiocess in which the
reacti onstakes place in the presence of 0.05 to 0.2% by wei ght of al kali

metal met hOXﬂ)g_F}‘a ?‘t04gl 685 %gésclfli'i)gs a continuous two-stage process in the presence of from

0.5 to 5% by weight of alkali metal methoxide at a pressure of from 5 to 30 MPa.

Ensuring turbulent flow in the reactor is said to prevent deposition. The total

methanol conversion is about 90%. The liquid reactor effluent is expanded and
20 worked up by distillation.

DE-B 1147 214 describes a high-pressure process in which the reaction takes
place in the presence of from 0.12 to 0.3 mol% of alkali metal methoxide in at least
two sequential reaction zones distinguished by decreasing temperatures and the
25 carbon monoxide is fed to the reactor in at least two substreams at different
heights. Short-term repeated changes in the carbon monoxide ratios are to prevent
accumulation of salty deposits. The overall methanol conversion rate is up to 97%.

The liquid reactor effluent is expanded and worked up by distillation.

30 WO 96/26178 describes a high-pressure process in which the reaction takes place
in the presence of 0.05 to 0.2% by weight of atkali metal methoxide at a pressure
of from 21 to 25 MPa. By means of good dispersion of the carbon monoxide, for
example by a jet nozzle, despite the low catalyst concentration, a sufficiently high
conversion rate can be achieved. For instance, the MeFo concentration in the

35 reactor effluent is up to 97% by weight. The liquid reactor effluent is expanded and
worked up by distillation.



of from21 to 25 MPa. By neans of good dispersion of the carbon nonoxi de,
for exanple by a jet nozzle, despite the |ow catal yst concentration, a
sufficiently high conversion rate can be achieved. For instance, the MeFo
concentration in'the 35 reactor effluent is up to 97% by weight. The liquid
reactor effluent is expanded and worked up by distillation. 4 PF 000005452
1 /Grwy DE-A 2 243 811 describes a pr ocess i n which thBF PESHoH/Bares pl ace
in the presence of from0.4 to 1.5% by4wei ght of alkali netal nethoxide in
a countercurrent procedure at a pressure of from4 to 30 MPa and whi ch has
a 5 plurality of series-connected reaction zones. Preferred apparatuses are,
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WO 01/07392 describes a process in which the reaction takes place in the presence
of from 0.05 to 0.5% by weight of alkali metal methoxide at a carbon methoxide
pressure of from 9 to 18 MPa. The liquid reactor effluent which contains from

20  about 60 to 95% by weight of MeFo is fed to a distillation column to separate off
the MeFo. The remaining catalyst- and methanol-containing bottom stream is
recirculated, residual catalyst and catalyst breakdown products being taken off
from a substream thereof via a desalting apparatus. In the exemplary embodiments,
space-time yields in the range of from 370 to 880 g/l-h of MeFo were achieved.

25
US 4,661,624 describes a two-stage process with recirculation of the catalyst-
containing methanolic solution. The reaction takes place at a pressure of from 0.48
to 6.9 MPa (from 70 to 1000 psia) and at a concentration of alkali metal methoxide
of from 1 to 8 mol% (equivalent to from 1.7 to 13.5% by weight of sodium

30  methoxide). In the second stage, further methanol is fed in countercurrent to react
with the residual carbon monoxide. The process is operated at an extremely low
conversion rate, so that the liquid reactor effluent contains only from about 2 to
20 mol% of MeFo. The effluent is fed to a distillation column to remove the MeFo.
The methanol concentration which is thus very high in the reaction mixture

35 counteracts precipitation of salt-like deposits. However, disadvantages of this
process are the associated high energy consumption for removing the MeFo by



{0 6.9 MPa (from 70 to 1000 psia) and at a concentration of alkali netal
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overall, there is an unfavorable energy balance for the overall process.

20 DE patent 863 046 describes a continuous low-pressure process in which methanol
and from 1 to 2% by weight of sodium (equivalent to from 2.3 to 4.7% by weight
of sodium methoxide) are fed from top to bottom in a bubble column equipped
with random packings and carbon monoxide is fed from bottom to top in
countercurrent and are reacted at a pressure of from about 2.5 to 3.0 MPa (from 25

25  to 30 atmospheres). The reaction mixture is continuously taken off at the bottom of
the reactor and passed for workup by distillation. The gas taken off at the top of the
reactor is passed through a cooler, freed from entrained MeFo in a separator and,
mixed with fresh carbon monoxide, recirculated to the reactor to ensure
sufficiently high gas-introduction stream. The MeFo which is condensed out of the

30  gas phase in the separator is likewise fed to the workup by distillation. Pressure
and témpcrature are to be set in such a manner that the catalyst and its breakdown
products are kept in solution.

A process which has been improved in comparison with DE 863 046 is described
35 in DE-B 880 588. In this improved low-pressure process, methanol and from 1.6 to
2.5% by weight of sodium (equivalent to from 3.8 to 5.9% by weight of sodium



of sodium net hoxide) are fed fromtop to bottomin a bubble colum equi pped
w th random packi ngs and carbon nonoxide is fed frombottomto top in
countercurrent and are reacted at a pressure of fromabout 2.5 to 3.0 MPa
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gas rate of 206 cm’/s, calculated under reaction conditions (equivalent to 17 m® at
0°C and 0.1 MPa), and the reactor cross section of 962 cm” give a superficial gas
velocity in the pipe of about 0.21 cm/s.
20
DE-A 102 17 528.4 describes a process for preparing MeFo by reacting methanol
with carbon monoxide at a pressure of from 0.5 to 10 MPa absolute and a
temperature of from 50 to 150°C in the presence of a metal alkoxide as catalyst in
a reactor in which a gas stream is taken off from the reactor, entrained MeFo is
25 removed from the gas stream by condensation and the remaining gas stream is
completely or partially recirculated to the reactor as circulated gas stream, at least
in a region of the reactor in which the gas essentially flows in one direction, a
mean superficial gas velocity of from 1 to 20 cm/s being set. This process is
particularly advantageous with respect to capital costs and energy costs, the
30 catalyst consumption and also space-time yield of MeFo, which is 100 g/1-h.

In all processes described above for preparing MeFo, as unwanted byproduct, the
corresponding metal formate forms by hydrolysis of the catalyst made up and by
reaction of same with the product of value MeFo. The disadvantages of the metal

35 formate formation, in particular the formation of deposits in the apparatuses and
the loss product of value have already been discussed at the outset.
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the process for preparing MeFo by coupling in a process for preparing acid
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the MeFo process 4 liquithetresymi eradaigingffomaic dcifl@ndat es, in particul ar di sposal
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process for prepar formates are re have found that this
object is ac#ideved in a process for preparing acid formates, 10 in which -
a liquidsstream| containing formic acid and a liquid streamll containing a

| for [ OVi . . L s i
metal tormat the ?iquldpstr%amq 19 mixed with the liquid stream II, obtaining the corresponding

acid formate, which comprises feeding, to the liquid stream I or a precursor

thereof, to the liquid stream 11 or a precursor thereof, or to the mixture of the liquid

streams I and II, a liquid stream III containing the components below at contents of
20  in each case > (.1% by weight:

- metal formate,
- metal methoxide,
- methanol and
25 - methyl formate (MeFo),

which is produced in a process for preparing MeFo by reacting methanol with
carbon monoxide, which is compressed in a dry-running compressor, in a reactor
in the presence of a metal methoxide as homogeneous catalyst with

30
- withdrawal of the reaction mixture as gas stream in the upper region of the

reactor and

- withdrawal of a liquid side stream from the reactor as stream IIl, or with
- withdrawal of the reaction mixture as liquid stream IV, by

35 - separating off MeFo and methanol from stream IV.



and 15 the liquid stream! is mxed with the liquid streamIl, obtaining the
corresponding acid formate, which conprises feeding, to the liquid stream!|
or a precursor thereof, to the liquid streamlIl or a precursor thereof, or
to the mxture of the liquid streans | and H a liquid stream| ||

contai ning the conponents bel ow at contents of 20 i nPREEIPOS43R/Smy 1 o5 by
weight: - netal formate, netal net hoxi 8e, - nethanol and 25 - net hyl
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conditions can be utilized, that is to say: The carbonyl ation reaction of
the methanol nust be carried out using a dry-running 5 conpressor for
conpr essi ng ThHeecadyhouedtfonxhedearbonylation owst be la detal infeghakide toopresent of an

oil-lubricate T h ylatiaqpn nmust be a
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formates. Under the above prerequisits, the coupling streamfromthe process

for preparin
prep l?nder the above prerequisits, the coupling stream from the process for preparing

MeFo, termied liquid stream IIf above, exclusively contains materials which are
already present in the process for preparing acid formates.

15
The use of dry-running compressors for compressing carbon monoxide is possible
in general in processes for preparing MeFo which operate at pressures up to about
50 bar absolute.

20 Furthermore, the coupling stream to be used is not the entire stream of the reaction
mixture from the MeFo preparation, but a stream which, in comparison, is
concentrated with respect to the content of metal formate.

In processes for preparing MeFo with withdrawal of the reaction mixture of the gas
25 stream in the upper region of the reactor, such a coupling stream arises as liquid

side stream from the reactor.

In processes for preparing MeFo with withdrawal of the reaction mixture as liquid
stream IV, a suitable coupling stream (liquid stream I11) is obtained by separating
30  off MeFo and methanol from stream IV.

Said separation of MeFo and methanol from the liquid stream IV can preferably be
carried out by distillation in a column by direct introduction of steam.

35 Advantageously, the acid formate prepared is acid potassium formate, acid sodium
formate, acid calcium formate or mixtures thereof, potassium diformate, sodium



-MeFo, termed liquid stream |1l above, exclusively contains materials which
are already present in the process for preparing acid formates. 15 The use
of dry-runniing conpressors for conpressing carbon nonoxide is possible in
general in processes for preparing McFo which operate at pressures up to
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reactor fromthe upp region of sahe, entrained MeFo is separated off from
the gas stream by condensation, and the renaining gas streamis conpletely
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Preferably, the metal methoxide is used as homogeneous catalyst in the

carbonylation of methanol by carbon monoxide in a concentration of from 0.01 to

2 mol/kg of liquid reaction mixture, the metal methoxide selected preferably being

potassiurn methoxide.

20
Methanol is preferably carbonylated to form MeFo at a pressure of from 2 to
4 MPa absolute and at a temperature of from 60 to 85°C.

A preferred molar ratio of the total amount of the methanol fed to the reactor and
25  the amount of carbon monoxide freshly fed is set in the range from 1.4 to 3.3 to 1,
preferably to 2 to 1.

Preferably, the reactor used for preparing MeFo is a bubble column and this is
operated with respect to feeding the methanol-containing liquid stream and the

30  carbon monoxide-containing gas stream in the cocurrent procedure.

Alternatively, it is possible to use, as reactor for preparing MeFo, a cascade reactor
and preferably to operate the uppermost zone of the cascade reactor at a
temperature of from 80 to 150°C.

35
In an advantageous process variant, the gas stream withdrawn from the reactor can,



‘A process of this type is described in DE-A 102 17 528.4, the disclosure of
which 1is expressly hereby fully incorporated in the present application by
reference. 15 Preferably, the nmetal nethoxide is used as honbgeneous
catalyst in the carbonylation of nethanol by carbon nonoxide in a
concentration of fromO0.01 to 2 nol/kg of Iiquid realFPERPIAIIUBLEY t he
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is preferably carbonylated to form MeFo at a pressure of from2 to 4 MPa
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by condelfsatstsamahds nhred anthi tenlquid strsamedobiaging ther corfrespendisgrasidet el y or
partially togphfgereactor as circulated gas stream 5 The processes for
preparing acid formates in which the liquid streamlIll fromthe preparation
of MeFo is utilized are in principle not limted. In general, processes
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formc acid stream [ is obtained starting from MeFo in which

15
(a) MeFo is partially hydrolyzed and
(b)  the reaction mixture of the partial hydrolysis from process stage (a) is
separated by distillation into a lower-boiling stream V, comprising MeFo
and methanol, and the higher-boiling stream I, comprising formic acid and
20 water.
Processes of this type are disclosed by German patent applications DE-A 102 37
379.5 and DE-A 102 37 380.9, the disclosure of which is hereby incorporated in
full in the present application by reference.
25

Acid formates are compounds and mixtures which contain formate anions
(HCOO), cations (M*") and formic acid (HCOOH). They can be present together
in the form of a solid or a liquid and may also comprise other components, for
example other salts, additives or solvents, such as water. Generally, the acid

30 formates are represented by the general formula
HCOOM™;, * y HCOOH M),

where M is a monovalent or polyvalent inorganic or organic cation, X is a positive
35 integer and indicates the charge of the cation and y represents the molar fraction of
formic acid based on the formate anion. The molar fraction of formic acid based on



and a liquid stream |l containing a netal fornate are prepared and the
liquid 10 stream | is mxed with the liquid stream ||, obtaining the
correspondi ng acird fornmate. Preference is given to processes for preparing
acid formates by which the liquid stream| is obtained starting from MeFo
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the partial hydrolysis from process staég-(a) Is separated by distillation
into a lower-boiling streamV, conprising MeFo and nethanol, and the
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example methylammeonium, dimethylammonium, trimethylammonium,
15  ethylammonium,  diethylammonium,  triethylammonium,  pyrrolidinium,
N-methylpyrrolidinium, piperidinium, N-methylpiperidinium or pyridinium.

A carbon-containing organic radical means an unsubstituted or substituted
aliphatic, aromatic or araliphatic radical having from 1 to 30 carbons. This radical

20 can contain one or more heteroatoms, such as oxygen, nitrogen, sulfur or
phosphorus, for example —O-, -S-, -NR-, -CO-, -N=, -PR- and/or —-PR; and/or be
substituted by one or more functional groups which contain, for example, oxygen,
nitrogen, sulfur and/or halogen, for example by fluorine, chlorine, bromine, iodine
and/or a cyano group (the radical R is likewise in this case a carbon-containing

25 organic radical). The carbon-containing organic radical can be a monovalent or
polyvalent, for example divalent or trivalent, radical.

The individual processes stages are described in more detail below:

30  Preparation of the liquid stream I
Process stage (a)

In the process stage (a), MeFo is partially hydrolyzed with water to formic acid and
methanol. Partial means that only a portion of the MeFo supplied is hydrolyzed.

35
In process stage (a), the processes known per se for hydrolyzing MeFo can be



whi ch has a reducing action. Possible inorganic cations are the nonoval ent
and/ or polyvalent netal cations of netals fromgroups 1 to 14 of the
Periodic Table of the Elenents, for exanple lithium (Li+), sodium (Na+),

pot assi um (K+), cesium (Cs+), 10 nagnesi um (M2+), cal ci um Ca2+ strontium
(Sr2+) and barium (Ba2+), preferably ESI um (Na+), p MYycesi um
(Cs+) and cal cium (Ca2+). Possible orga cations are unsubst I tuted

anmoni um (NH4) and ammoni um substituted by one or nore carbon-containing
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t he process stage % §) Fo i's partially hydrolyzed with water to formc

acid and net hanol . Partlal means that only a portion of the MeFo supplied
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heterogeneous catalysts are acid ion exchangers, such as polysulfonic acids or

poly(perfinoroalkylene)sulfonic acids (for example Nafion® from Du Pont) and
examples of homogeneous catalysts are strong inorganic or organic acids, such as
20  sulfuric acid, hydrochloric acid or alkylsulfonic and tolylsulfonic acids. If
homogeneous catalysts are used, these must generally be separated off in a
following stage. Depending on the desired purity of the acid formates to be
prepared, however, it is also possible to leave them in the system. In this case, the
acid catalysts are usually encountered in the form of their salts in the acid formate.
25  Particularly preferably, the partial hydrolysis is carried out in the presence of
formic acid as acid catalyst, which avoids the addition of an additional catalyst and
its subsequent removal or possible contamination of the acid formates. Generally,
at the reactor inlet, for this purpose, a formic acid concentration of from about 0.1
to 2% by weight, based on the liquid water and MeFo-containing mixture present,
30 is set by targeted addition of formic acid, or of a formic-acid-containing stream.

The molar ratio of water to MeFo to be used in the hydrolysis is advantageously

generally from 0.1:1 to 10:1, preferably from 6:1 to 3:1. Since an equilibrium

reaction is involved, preferably an excess of water is added, as also implied, for
35 example, by EP-A 0 017 866.



Production”. Further suitable hydrolysis processes are al so described, for
exanple, 5 in EP-A 0 005 998 and EP-A O 017 866. The hydrolysis is
generally carried out at a tenperature from80 to 150C and a pressure from
0.5 to 2.0 MPa absolute. The reaction apparatuses which can be used are in
principle all reaction apparatuses which are suitabl ePFO000R¥SE21/6mY i n t he
10 |iquid phase. Exanples are stirred tbhks and jet |oop reactors.
Preference is given to the use of a cascade reactor. Cenerally it is
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methanol-containing stream.

20  The design and operation of the distillation column are primarily dependent on the
composition of the stream fed and on the desired purities of the two product
streams and can be determined by those skilled in the art in a known manner.
Preferably, the MeFo- and methanol-containing relatively low-boiling liquid
stream V can be recirculated to the process stage (a).

25
Preparation of the liquid stream II

In one process variant, the liquid stream II containing a metal formate can be
obtained by saponification, by the MeFo- and methanol-comprising stream V, in
30  process stage (c), being
(i) reacted with a basic compound having a pK, of the conjugate acid of
the corresponding dissociation state of =3, measured at 25°C in
aqueous solution, in the presence of water, and
(ii) converting it into the metal-formate- and water-containing stream II by
35 separating off the methanol by distillation.



The reaction m xture obtained fromthe partial hydrolysis thus contains
unreacted MeFo, formc acid, nmethanol and also, owing to the preferred use
of a water .excess, water. Preferably, the aqueous reaction m xture contains
from5 to 15 nol% particularly preferably from8 to 12 nol % of formc
acid, from3 to 5 30 nol% particularly preferably frifiQ@®004321/Gmyo, of
MeFo and from6 to 15 mol % particul adfy preferably from8 to 12 nol % of
met hanol . Process stage (b) 10 In the process stage (b), MeFo and net hanol
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Preference ingredh Y& Beill oA SformAlaRgitoR)of hPrdtbe (B0l Nt renpval of a MeFo- and
met hanol - contai ning stream 20 The design and operation of the distillation
colum are primarily dependent on the conposition of the streamfed and on
the desired [puid dvefisthel the basié vempsupdUuch sals thie 28 irpghefl Be Bpreieh@dmyned by

t hose Ski”ﬁ‘? #'n the art in a known nmanner. Preferably, the MeFo- and -

met hanol - contai%i"H§ rel atively lowboiling liquid streamV can be
recircullted to the process stage (a). 25 Preparation of the Iiquid stream
Il In one process variant, the liquid streamlI|l containing a netal formate
can be obtained by saponification, by the MeFo- and methanol - conpri sing
streamV, in 30 procedsS.Atage (H), being (i) reacted with a basic conpound
having a pKa of the-:conjugate acid of the correspondi ng dissociation state
of > 3, neasured at 25C in aqueous solution, in the presence of water, and
(ii) converting it into the nmetal -formate- and water-containing streaml| by

35 sepangt i Rghetd M tah@ xTRéVRAIME| méwninl Sfekifledtiin@dr (I) and A is an inorganic or
organic anion having the charge “a-”. The conjugate acid of the corresponding
dissociation state thus corresponds to HA®'", The corresponding dissociation
equation, which defines the pK, to be used, is:

HA®M === Ay
20
In the event that the basic compound is a covalent compound B, the dissociation
equation which defines the pK, to be used is:
B =—= B+ H.
25 !
Examples of suitable basic compounds are the salts M*",A*, (II), where M*" is a
monovalent or polyvalent metal cation of a metal as described above and A* is an
anion -as listed in Table 1a and the covalent compounds B are as listed in Table 1b.
30

Table 1a;

Possible anions A" of suitable basic compounds and pK,s (measured at 25°C in
aqueous solution) of the conjugate acids of the corresponding dissociation states.
35
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correspondi ng di ssociation state of > 3.5,

particularly preferably > 9, and very particularly preferably > 10,
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or organic nature. The basic compound can be a salt 5
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conpound can be of
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abl e

is an acid forned by formal addition of g proton (H). 10 In the event that
t he basic CTWpou.n.d s—a—salt—this—cap—+n—general—be+representedby—t+h
formul a M+ {AABx AT U nD |'s 15 wher e/ (omughtecadihve t he meani ng sgﬂéj fied
under (I) and Ais an inorganic or ofganic anion having the charge "a-"
The COI’]j ugatre acta—of—the—cort capund; 1°] dtssoctatton—state—thusrcorre
to HA(a-') - . Hydexider(dEpondi ng di ssoc|WateotH2Bquat i on, whi ch def e t he
to be used, lis: 20 25 30 IIA{a-I | - |- A+ H In the event that|the bag
conpound i s [@a coval ent_gonmpound B, thg dissocirati om _equati om whith_def
the pKa to hEabesdeiSOsTI B - B -i- H Hlylpecscagronsisi i) basi c cHhpound
are the salts Mk+aAa_x (H), where Mk+|is a nonoval ent or polyval ent net
cation of a[metal as descri above d. Agq- T, N, anion as [is in

| a and the C%QT‘)@H?C@gﬁ%ﬁﬂgégB are as&}r"%‘f‘{éa"larﬁﬂﬂ%gi)e | b. Table g-ga'

Cin

on

Possi bl e anijons Aa- of suitabl e basic|conpounds and pKas (neasured at 25
S?;teggts ggl thogartlr(é)éf?ie conj ugate ac ﬁ?drgéentb%?atg?ﬁﬁﬁﬁﬂond' ng di s;s?&lr.at I
Hydrogen borate (HB032') Dihydrogen borate (H;BO3') > 14
Dihydrogeri borate (H,BO3) Boric acid (H;BOs) 9.3
Phosphate (PO4™) Hydrogen phosphate (HPO4) 12.3
Hydrogen phosphate (HPO4*) Dihydrogen phosphate (H,PO4) 7.2
Formate Formic acid 3.8
Acetate Acetic acid 4.8
Propionate Propionic acid 4.9
Oxalate (C,047) Hydrogen oxalate (HC;04) 42
2-Ethylhexanoate 2-Ethylhexanoic acid >4
(C4Hy-CH(C,H;5)-COO") (C4Hy-CH(C,H;5)-COOH)
Table‘ 1b:
Possible covalent bases B as suitable basic compounds and pK,s (measured at
5  25°C in aqueous solution) of the conjugate acids of the comresponding dissociation

states.



- 15 PF 00000545211Gry Anions A' -Conjugate aci dpK. Hydroxi de (OH)Wter
{H20) 14. 0 Carbonate (CC32-)Hydrogen carbonate (HCO3)10.3 Hydrogen carbonate
(HC®) Carbonic acid (H2CO3) 6. 4 Borate (B033)Hydrogen borate (HB032)> 14

Hydr ogen borate (HBO32-)D hydrogen borate (H2BO3)> 14 Di hydrogen borate
(H2BO3-)Boric acid (H3BO3) 9. 3 Phosphate (P043-)Hydrogen phosph

(HPO42-)12. 3 Hydrogen phosphate (HPO42-) D hydr ogen phggﬁﬁ 4?&2’%@?}7 2

For mat eForm ¢ aci d3. 8 AcetateAcetic acid4. 8 Propi onat ePropi onic acid4.9

Oxal ate (C2O42-) Hydrogen oxal ate (HC204) 4.2 2- Et hyl hexanoat e 2- Et hyl hexanoi ¢
acid > 4 (C4H9- CH( C2H5) - COO- ) (CAH9- CH( C2H5) - COON) Tabl e | b: Possi bl e

coval ent bas Ltabl e basic .and pKas (nea dat 5 25Cin
aqueous sol ut@gﬁfﬁg}@% e conj ugate gﬁg‘é&g‘?&?ﬁe correspondi %édi ssoci atfi on
states. - 15 PE_00000545211Gry Coval ent base BConj ugat e acildpKa

Ammoni aAnmo ma Met hyl am neMet hyl apponiunt 0. 6 9.3
D et hyl am reD| rret ﬁyl anmoni uml0. 7 Tri net hyl am neTri met hyl aan)ni unB. 8 -17

Methylamine Methylammonium 10.6

Dimethylamine Dimethylammonium 10.7

Trimethylamine Trimethylammonium 2.8
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Pyrrolidi nePyrrolidiniumll. 3 N-Methyl pyrrolidi neN-Met hyl pyrrolidiniunl0. 3
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di ni unb. 3 Preferably, the basic conpound ﬁgggxmﬁmﬂnﬂﬁHWn
i thi um hydrogen carbonate; 171t hi um carbonat e,
gen carbonate, 5 sodium carbonate, potassi um hydroxi de,
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f or m of

SO

aqueous sol u

or ammoni a water), in the formof s¢lid conpounds (for exan

EBRdink Or exanpl e aqueopgrr@iRlisibhons of the al kiglhiz net al

pl e powder-

S3
Sn

the alkali neLaL_saLLs}T_+iLiiu;4¥§nanﬁ;4u4¥ga_@LgL_exaane_gasegus_wg_
ammoni a) . Prie{-dfetinggyrroliligd ven to adNiMemwglpyirolibi@idrer m of thei¥ aqueous
solutions. 20 -18 PF 0000054521 /Gry The sequence in which the starting
mat eri al s arle—-added—+s —alsoe in—genetal —unrinpertant—in—thefnventive
process. Thudipdridines possi bl e, for e¢Rgepdigjunt o i ntroduce fildst the bas
conpound in (solid or liquid form (for exanple as aqueous soj ution)

N-methylpiperidine N-methylpiperidinium 10.1

Pyridine Pyridinium 53

5

10

15

20

Preferably, the basic compound used is lithium hydroxide, lithium hydrogen
carbonate, lithium carbonate, sodium hydroxide, sodium hydrogen carbonate,
sodium carbonate, potassium hydroxide, potassium hydrogen carbonate, potassium
carbonate, ammonium carbonate, ammonium hydrogen carbonate and/or ammonia,
particularly preferably sodium hydroxide, sodium hydrogen carbonate, sodium
carbonate, potassium hydroxide, potassium hydrogen carbonate, potassium
carbonate, and/or ammonia, and very particularly preferably sodium hydroxide,
sodium carbonate, potassium hydroxide and/or potassium carbonate, in particular
sodium hydroxide and/or potassium hydroxide.

The manner in which the basic compounds are added is generally unimportant.
They can be added in solid, liquid or gaseous form, as pure substance, as mixture
of substances or as solution. Examples which may be mentioned are addition in the
form of aqueous solutions (for example aqueous solutions of the alkali metal salts
or ammonia water), in the form of solid compounds (for example powders of the
alkali metal salts), in the gaseous state (for example gaseous ammonia). Preference
is given to addition in the form of their aqueous solutions.

sodi um hydr oxi de,

di um

=

sic
lid,
or as

lts
of



and then to introduce the MeFo-containing streamin the |liquid or gaseous
state 5 with stirring. It is also possible to introduce first the
MeFo-containing streamin liquid formand then to add the basic conpound.
Furthernore, it is of course also possible, and advantageous, in particular
when a continuous process is being carried out, to c BF$0A6034581/Gmy

MeFo- contai ning Stream and t he basic cohspound contl nuously. 10 The nol ar
ratio of the MeFo to the basic conpound is advantageously to be set

st oi chi onet rTH@'sEE{uen&é"ﬁh wmchouﬁaytanmgs Wiaferalsrannatdédaé dde 1@%@&511\/9 Fo
reacts with the added basic co Hfh g ve tr %%gﬁnd' Iﬁ or mat e and
water in acWyr@gHRn ! ﬂﬁf“i"ﬂﬁ“’?é’ ‘?FFFSO 0% Jf 1§ R F*rtifj)re EriP EENICHar anet er
of this is wiat theshalio doatpoend irhelidodrdiquebformaf@rdxanipld dseagoesissobeivppund,

hi ch must *RIWLALS AEGRN pe MrbBufaRe selin df SROFbAL L@l g L

| ead by addi Tion or protons 1o con aci
measur ed at ®8C Stlmraqllémﬁscspbmbl@m megf;e furse the Mﬁ:fawhmnmg/dirrmde |s used

as basic conp %mpéﬁ‘d ﬁ{cﬂ%ﬁd heMaRY &%ﬁ%g& %th@ﬁrﬁél‘éxitqfoﬁ%lﬁée 51%' o of

1.0is to be ecte S|ncet IS corres sto ornati on of
pot assi um fop@ﬁétbéﬂ aork advaptagends= in Hapicolapshieny 8t CEOSNUPHSC BB alebeiBE used as

a basic conpeified olf,eloeédhbive ae MEFMRINGL AL StidafiMa@ RO BALIE d&ﬁip%{m@ Ois to
be sel ected, S|nce he conjugate acid is dibasic: C032- + 1-1T pK, 10. 3

HCO3 HCO3 + fPntmy - pKa=6.3 -19 PF 0000054521/ Gy Devi ati ons upward and
downwar didrom sai d stoi chionetric addition are, however,

The molar ratio of the MeFo to the basic compound is advantageously to be set
stoichiometrically, that is to say in such a manner that the added MeFo reacts with
the added ‘basic compound to give the corresponding formate and water in
accordance with the reaction stoichiometry. The critical parameter of this is what is
15  termed the molar equivalent of the basic compound, which must take into account
in this case all dissociation states which lead by addition or protons to conjugate
acids which have a pK, of 33, measured at 25°C in aqueous solution. Thus, when
potassium hydroxide is used as basic compound, preferably an MeFo/potassium
hydroxide molar ratio of 1.0 is to be selected, since this corresponds to the
20  formation of potassium formate:

OH + H' e H.O

pK,= 14

When potassium carbonate is used as a basic compound, preferably an
25  MeFo/potassium carbonate molar 2.0 is to be selected, since the conjugate acid is
dibasic:

CO32V + H —_— HCOy
pK, =103
HCO; + HY = H,CO; -

pKa=6.3



al so possible in the inventive process. Thus, in the event of a deficiency
of basic conpound, there is the risk of inconplete reaction of the MeFo and
thus the risk of * contam nating the nethanol, which is to be renoved by
distillation, with unreacted 5 MeFo. In the event of a excess of basic
conpound, the resultant streamwould, in addition toPFRe0SMA2EBomdi ng
formate and the water, further containm the residual basic conpound. The
anount of water to be used in process of stage (c) can vary over a broad

range. 10 Cﬁéﬁatainlsxl w'aﬂi &{Heddvﬁﬁ@ir!i%m £4i@Bo2hidrRetA0 Yadyionatd Rbwevrd
IS use sed on e anount

preferably from 40 %, wat.er

of MeFo whi is9 EOSF’Q '& %&F‘Vﬁ’/gr‘:’c‘:ﬁﬁ pgin jthe %Yf&éﬂgel‘g? ‘é‘ﬁn%Yq%éﬂ}éc sol uti on
of the basi Cc:cmpmﬁmnﬁere nsaﬂh‘ehmldghlrtcbmp&dﬁrehctm ﬁfth@MdFo\mﬁelﬁusitﬁe fikisof

possi ble. 15 The act Ss stage
(c) wth sai %)“Ea%m%mgct %‘BEU FHV hf lsﬁ? %’ée ovegg’ yvgté “i@{n? lér?rgzi‘cl?‘ipecar ried
out at a i endeFatlurthe ofent of arntess of badCcoppafng; tisl lysdltaomztm wotld0@® and

part | cut ar ! Yo Eheahk Lok b0 g ik AREREARE U in HHErRLRIPUTE 1S

generally fro 0 ute pr ef er abl
absol ute, ankpsigompeundr |y preferably from 0.09 to 20 0.15 MPa absol ute.
The reaction of the MeFo-containing streamin process stage (c) wth said

basic conpoynd in the presence Qf water is in principle independent of the
renoval of 'ﬁ@(%‘ﬂﬁ‘lt Ogi}’a@rfg’c‘?q psgtl iy process of ﬁ’@g‘hécﬁ&ﬁ“ ¥y Otvﬁ"e?‘g‘f‘“égéa%@- r enoved
by distiid at Gereraliy) i Theprebdtivng frem E@E(DQG% ﬂ;o@eigheranw;iréfemblyafrbmmcsai d
reaction. ﬁfqe r.abl ¥ hpe fmetthano g Vﬁl ‘}'{é di sgl | %t her with
or after sai Y PrigHt of Wt 1S, Sﬁ‘gvgﬂlse O & APRQYDL i on
before or afGeueralbj, dhe eatdriisraddedact rwrquanpsohttionest thiei ln}imccemnﬂmmndsed for

t he reacti O”alﬁiéﬁgﬂfﬁé%ﬁi%h%k?m@'v& ta%lko?,g)& 0 suitable for reactions in the

l'iquid phase npl'es are s |rre s*and Jet |loop reactors. The
met hanol is renoved by distillation then in a separate step, customarily in

a distiljat 'ﬁﬁb&%twﬁ‘bf thdMeR8-comyfid éﬂ%aﬂhﬁ%‘é c&@rsfa e )alittPdaRd e4sgnce is
given to renoving the methanol 35 by distillatiagn ocess stage (||))

toget her wi t9PmRRound da the gresepcer HfewiigEd generily eartdied ePt alng eHRerple of
conpound, Wi frbmt( @NSOEC, profetablfrosit 30e@M2B°C ofidaiaftiditar fyosrBREAly B8m 50

to 80°C. In the procedure, the pressure is generally from 0.05 to 1 MPa absolute,
preferably from 0.08 to 0.5 MPa absolute, and particularly preferably from 0.09 to
20 0.15 MPa absolute.

The reaction of the MeFo-containing stream in process stage (¢) with said basic
compound in the presence of water is in principle independent of the removal of
methanol by distillation. The methanol can therefore be removed by distillation, in
25  principle, before, together with or after said reaction. Preferably the methanol is

removed by distillation together with or after said reaction.

In the removal of the methanol by distillation before or after said reaction, reaction
apparatuses which can be used for the reaction are in principle all which are

30 suitable for reactions in the liquid phase. Examples are stirred tanks and jet loop
reactors. The methanol is removed by distillation then in a separate step,
customarily in a distillation column.

In the inventive process, particular preference is given to removing the methanol
35 by distillation (process stage (ii)) together with the reaction of the MeFo with the
water and the basic compound, with transfer into the stream II containing formate



and water (process stage (i)) in a colum. PF 0000054521/ Gry OmM ng to the

| ower boiling point of MeFo conpared with water, in this case, the stream
cont ai ni ng MeFo and net hanol from process stage (b) is advantageously 5
added bel ow the feed point of the water and the basic conpound. Since MeFo
and the methanol ascend in the colum and the water BREBOGIASABALGEMYConpound
flow downward, the colum has a regi of0suitable for said reaction. The

nmet hanol ascends upward and can be isol ated overhead. Since MeFo is

general |y praaparaed (pivcessarage iyl iata sotummt hanol , it is particularly

advant ageous to recircul ate the nethanol 10 isol ated overhead as feedstock
for the MeFo preparation, in which case the nethanol to be recirculated, in
t hi s vari antQwingro dhe lwwee bbdoigl poimodVbFy comparad iwithr ested ualthiawssentte of MeFo.

Thus, in th r - NGy [ r I . mal |
m::;J ?lanlol I ogggésﬁﬁbc?h#mr@@% met h%tﬂr%ﬁeﬁlfg&'rﬁé%sé} ?geg_?n%g‘gﬁt(gflnsi %ﬁ%ﬁg&ggﬁgoﬁs
format e Pl ovsdderbbalonthe fagd print ©b thenwateingnd e basig epmpeynds SingeMefia #dr eam |1t

may be advanhagR@sonsicend th e QIGRAW AdRRE Walh Bl thé PasivebRpodsd flode stream
at the bottomend o he col yum and_rem{;ac@% sis. This

f t te it to the _hydral
measur e al orf©VERRG bl QONAR N Eegivy P %E%ﬁ?ﬂa?éﬁl%ﬁﬁu@ea?é‘iﬂuti on of
tEe corres P_Qi@@ﬁnﬂguﬁ@mﬂ‘&hﬂ fcbae'ﬁagom:tﬁdadueﬂﬁad%ﬁnGEMeF@%mafdlm@sdpd&ﬂﬁg tibrre in
t e saponl lcatlion.part .o e COol U ca rovli de or, exa , Y
Sui tabl o i mearteavenne metangl s SRui R AP vpg RSl fefromag S HRIRRS: )
react i orlOvolisptated Wyerhead assxfeedstadk feadid deFoopreparation,pimwlied catehéhe st ream
to be saponifi P St : r col u i o 11e] y a side
25 streamta ée_tg Ol,l %? eljgk%glr%;etetﬁe’x@emr%%gm?@g’c |0%E%§5§%§%€%S§%’?Pg Cgﬁetg#l back to
t he col unm desidegl agiopnts|of MeFanThupointthg gveral hslages it &5 merchomsessere® as

primarily equpia B8 8mail ARGALHMEsES By dRSh fe@fAnbN a manner customary for those
skilled in the art. 30 In a further“alternative, it is possible to produce

the netal -formate-containing stream |l by carbonyl ating the correspondi ng
met al  hyidr oxTidestre@nontifih GRSHubsus Baasei e dowdNardin e cMums8d &, t he

o sclosur e Sl b3uEsFal IIARHIRE Slenils el RBEA DG B0 .
i n parti cul ahe siatec@s istderstieas at tthe bottom end of the column and recirculate it to the
hydrolysis. This measure alone can result in a more highly concentrated aqueous
solution of the corresponding formate being obtained.
20
The required residence time in the saponification part of the column can be
provided, for example, by suitable internals, such as Thormann trays, or possibly
by an external reaction volume. When an external reaction volume is provided, the
stream to be saponified is taken off from the column at a suitable point by a side
25  stream takeoff, fed to the external reaction apparatus, and fed back to the column at

a suitable point. Both variants are to be considered as primarily equivalent.
The column is designed in a manner customary for those skilled in the art.

30 In a further alternative, it is possible to produce the metal-formate-containing
stream II by carbonylating the corresponding metal hydroxide. Such a process is
described in DE-A 102 347 380.9, the disclosure of which is hereby incorporated

in full by reference into the present application.

35  Said carbonylation proves particularly advantageous, in particular since it makes it
possible to use readily and easily accessible starting materials and is technically



possible to use readily and easily accessible starting materials and is
technically -21 PF 0000054521/ Gwy sinple to carry out. Thus, for exanple,
according to AL F. Hollemann, N. Wberg, Lehrbuch der anorgani schen Chem e
[ Text book of Inorganic Chem stry], Walter de Guyter Verlag Berlin New
York, 1985, 91. - 100. edition, page 722, sodium for be prepared b
I ntroduci ng carbon nonoxi de into sodi um,hydroxi de 5 sgﬁbgﬁ)@ﬁglﬁgﬁ’mplw toy
170C and at a pressure from3 to 4 bar, lind accor di ng to page 947 of the
sane textbook, potassiumformate may be prepared by reaction of carbon
nmonoxi de on sanpledoeawy oo [Tht,dor ofampde, assirdimgsalX. dt. dlcdlethanauNt Wabdrgre at

230C and 30 (a ) ; | ' | Eh s ry
Gromi oty aRgouchEP afbritheld CRERMID (e RBGACLO RRRAIO CheRMSI bler

Product i on, detewterdVeplagdeastieNew Jouk.ukiBP of hrat H0& geitios. prasd(ie godipay

exanmpl e, by fbfifatdeldyait pépsad B @ntrdﬂﬁﬂﬂ%::diﬁ)dﬁﬂnw&t&%ﬁiﬁtmﬂ}ﬂﬂfx% de
solution_at 180C an frg()[il.ﬁ7t gnmgl8 a, usqur%ﬁ]a reacti on tower. The
aqueous Sodi AU EE S 19 A aprgssuredrQsi3itg ¢ B35, ik IGHANE 1 wher eas
t he carbon nage%itef fHeaamefté:abodkgpbamiin fomimte may bepiépialsy @attidd 6fv. 15 In
t he next progess sten.to pr re acid.for he.nrepared. .streans |,

cont ai ni ng 0 roﬁi %O%og‘il(k Org%(g Bﬁqe?)u% 5?11?1 té?[?} ng&?séﬁar{l 3?11:#}8 Fﬁr@tc g‘fsng rlgm?rfnx ed.

Here, the selji@bced 0 taddhtdopdingto Uhigani'g kindydopeslaanaf Indnsiriah€hémiguyd stream
11 1s 20 gefgralion, 6t 'a&%&cﬁl?@ reldale, R ahlet VRaRMIC A@IDPPﬁglet'i&, Giig possi bly
advant ageous to subject the form c-acld-containing I'Tquid stréam][ and/or
the metadl-f Jiraeasees ORI FIrmgte Gag e Preducedirfor example.diyeherpstiongof qagbon
concentrat i afostixideO o1 £que6isd sodimOhydrbEide! solRioRBAe 18G°EPRARA | fY&thY1.51 (b
particular b éﬁ;mw.n a part of t wat er pr&sené}gf . .evapar ati.qn,
preferably bejlg <b UPIPE A IACUCRSOVRE IS5 SPEYS SpAYER ré@ﬂaif»? UYAR trigkies

particul ar wrdéh teeioetbm e, erijessad the crlonthogoxeksilaves framdoabsaotidiein
apparatuses s e%ific{qtltﬁ(yw_used for mxing the liquid streans | and Il are in

principle not -8 B“]ugg 0 any restrictions, and can be determ ned by those
skilled i5n the art in a suitable manner. The above-cited DE-A 102 37 379.5

In the next process step to prepare acid formates, the prepared streams I, containing

formic acid, and II, containing a metal formate, are mixed.

Here, the sequence of addition of the liquid stream I and the liquid stream II is
20  generally unimportant. In particular, it is possible, and possibly advantageous, to
subject the formic-acid-containing liquid stream I and/or the metal-formate-
containing liquid stream I, before mixing, to a concentration of formic acid, or of
metal formate respectively, in particular by removing a part of the water present by
evaporation, preferably by distillation.
25
The specific process conditions, in particular with respect to temperature and
pressure, and also the apparatuses specifically used for mixing the liquid streams 1
and II are in principle not subject to any restrictions, and can be determined by
those skilled in the art in a suitable manner. The above-cited DE-A 102 37 379.5
30  contains further details in this respect.

Preferably, the liquid stream 1 and the liquid stream II are mixed in a column, the
acid formate and water-containing bottoms liquid are taken off therefrom and acid
formate is precipitated out of the bottoms liquid by crystallization, spray
35  granulation, spray drying or melt crystallization, and the precipitated acid formate

is isolated.



30 contains further details in this respect. Preferably, the liquid stream|
and the liquid streamlIl are mxed in a colum, the acid formate and

wat er - cont ai*ni ng "bottons liquid are taken off therefromand acid formate is
precipitated out of the bottons liquid by crystallization, spray 35

granul ation, spray drying or melt crystallization, ankF 0H&05AaEl/Gmyated acid
formate 1is isolated. -22 PF 000005452fﬁGNy However, it is alternatively
possi bl e to package as such the acid fornate obtained as bottonms liquid in
the formof an aqueous solution and to store, transport and/or use it for

appropriate i I: J T 5
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coupling streamfr e MeEO process preserving and/ or acidifying plant
and anifml materials. The invention also relates to the use of the acid

formates prepRrr gdcaed bfithg chehitfion! Frocess i 1R W dtin Hhe $BopH HO cadiehary

acidifying p t.,and. animal. materials | es 15. f acid
formates for® Fagé(&?)weﬁéc ﬁ’?‘Fljlsé’E‘?sﬁ?tF‘??rh%“gﬁgg‘?x h&ﬁ’ﬁu&gﬁz 3?2855 fish and
al so fish products and neat products, as are described, for exanple, WO
97/ 05783, 9 : 01/.19 Q. e -

i nvention y\gh%t {é%grftg)%t ﬁge{pﬁ(éqg{egﬁ gt% ﬁ%%gégloﬁeo% é‘étégl%%tf ée:g)g%preagé dng%ﬁzé%égr ding to
t he invdft i eeuplorg strea frery thy MeEotpsecessTins posservarig asier dcilifyingplaftoand t r eat i ng
bi owast es i S;ueRsGhiibeds for exanple, in WO 97/20911. The invention further
relates to the use of the acid formates prepared according to the invention
as additive in animal nutrition and/or as growh pronoter for animals, 25

]1: or hexgrrp:je Tmrin{amgﬁi iaE@_rﬁl@th u% ﬁn@tds@afﬂlie @idg%m&@%%z;%&gd g@ddé@iﬁ teies and
i sh. Sai .use .i s described, r ex e, in . Preference is

i ven to 1 hd TRGHOR 0 prseraine i A R bl and B0 B TRERRvent | on,
in partilul are thetuas of auid fainfats fot preseeeingdad béididying geass,ragricultral glars, and/ or
as grow h prf%gnatm%r alfstg’ rﬁsﬁnﬁrgﬁl!lc?s ah8l meat products, as are described, for example,

WO 97/05783, WO 99/12435, WO 00/08929 and WO 01/19207.

Furthermore, the invention relates to the use of the acid formates prepared
20  according to the invention for treating biowastes. The use of acid formates for
treating biowastes is described, for example, in WO 97/20911.

The invention further relates to the use of the acid formates prepared according to
the invention as additive in animal nutrition and/or as growth promoter for animals,
25  for example for breeding sows, fattening pigs, poultry, calves, cows and fish. Said
use is described, for example, in WO 96/35337. Preference is given to the use of
the acid formates prepared according to the invention, in particular potassium
diformate, as additive in animal nutrition and/or as growth promoter for animals, in
particular for breeding sows and fattening pigs.
30
Very -particularly preferred mixtures for the preferred use of the acid potassium
formates prepared according to the inventive process as additive in animal nutrition

and/or as growth promoter for animals are the following two compositions.

Mixture 1 Mixture 2
(% by weight) (% by weight




particular for breeding sows and fattening pigs. 30 Very particularly
preferred m xtures for the preferred use of the acid potassium fornates
prepared acagording to the inventive process as additive in aninmal nutrition
‘and/ or as growth pronmoter for animals are the follomdng t wo congp5|t|ons
Mxture.1 Mxture 2 (% by wei ght) (%603/ wei ght -23 PEOOOUHEEAEGmy Gy
potassiumdi formatefrom 20 to 60from 3o 99 sodium
diformate/tetraformtefrom20 to 50--- calciumformatefrom QO to 25fromO to
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process of the flow chart of particularly preferred enbodinent of the
process for synthesizing potassiumdiformate, with ester saponification and
Figure 2 sho¥eryapastienlady pederpblyc 8spaassiunt [difmaita rprefpfedaagrarding o abd y
preferred 1 t
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formc ag d-p&ﬁﬁsﬁmﬂuﬂm ars :l:U@Q'bE/%I%“tQﬁ stlicaf® 4nde). PLOT e%hyaeightlged to the
cascade hydrolysis reactor A via line 20 Cenerally, the two starting

materials, pV&mxed (as shown in the flow chart) or separately, are brought
to the deS| red entry tenperature in a heat exchanger. The reaction m xture

originating "Hl m\r&n%nh%ﬂrb%@é%rﬁ)ea ik gl%re( Saf ggléw%mﬁpr%fe(rgr}& toa drawmg

10 Figure1  shows a simplified process of the flow chart of particularly preferred
embodiment of the process for synthesizing potassium diformate, with

ester saponification and

Figure 2  shows a simplified process of a flow chart of a particularly preferred
15 embodiment in which the metal formate is provided by carbonylation.

In a particularly preferred embodiment, the simplified process flow chart of which
is shown in figure 1, via line I, MeFo and formic acid-containing water
recirculated from the process are added to the cascade hydrolysis reactor A via line
20 1. Generally, the two starting materials, premixed (as shown in the flow chart) or
separately, are brought to the desired entry temperature in a heat exchanger. The
reaction mixture originating from the hydrolysis stage (process stage (a)) which
contains unreacted MeFo, water, formic acid and methanol, is fed via line 2 to
column B in which the reaction mixture is separated by distillation into a top
25  strcam containing MeFo and methanol, and a bottom siream containing aqueous
formic acid (process stage (b)). A liquid stream HI containing metal formate, metal
methoxide, methanol and MeFo is fed to line 2 from a process for preparing MeFo
by carbonylation of methanol. The MeFo and methanol-containing top stream V is
fed via line 3 to the column C. In addition, the aqueous basic compound,
30  particularly preferably potassium hydroxide solution, is fed to the column C above
the feed point of the MeFo- and methanol-containing stream via line 5.



-<cont ai ns unreacted MeFo, water, formc acid and nethanol, is fed via line 2
to columm B in which the reaction mxture is separated by distillation into
a top 25 stream contai ning MeFo and met hanol, and a bottom stream cont ai ni ng
‘aqueous formc acid (process stage (b)). A | | quid stream || T containing
nmetal formate, netal nethoxide, nethanol and MeFo i s PFO90P@S452NE ™Y from a
process for preparing MeFo by car bony’r%‘hon of nethanol. The MeFo and

nmet hanol -containing top streamV is fed via line 3 to the colum C In

addi ti on, thaltagudady, dasi aidigopruthd, feS0 viraliné eubdiquyd pii€ine THfrgm ané assi um

Voo ana mobikiaion bEMERS i Rd P IEENGIR o oSl ib MBali G oBRuE kefin. €
Al t er nat i veI ol same. ylesloatiol |1®mhtmncdle§>\f&é@ad virem| ¢olemf, Caand qui preferabdam | 1 |
fromthe %@ﬁ&ﬁﬁk@?opfen%g{/g}eﬁaﬁaﬁﬁn BPMJF% J:agﬂéh\)rﬁth %ﬁ ?{eailéw:r |eﬁ‘d about

the m ddl e region sane anol | s obtali rom colum C and
i s preferhbl §f the sefuma Cat part phherwaenis dakspaihangd resicated i thedyydrolysis

car bonyl ati oftageviat I 6.0 bEHS Product mtmhqmncaqueo@aﬁémmun& hemyms er is
taken of f and reC| uI ated to the hydroJ Si s afge via line 6. The bottom

product obt a?‘ﬂ'é‘éoq %\ﬁq‘é“tﬁ’ﬂ% g“‘b't‘ﬁ“é%‘?t NEYTAT [T the Precess §38e Ydbous
form c aci d- fadntiailien® tsttheaolumn’ EoTht herefi ot exdatasiting ehe bcjueloas foidghte/i @ |1 ne

7 to the cqu E. .The stream || cont ni.ng the ue fo ol ution
{rom the protauion % d) BRfess. a58T @) TRy v FRECR. S Pbctfidy %
acrj\?;nnt agﬂgtrjgaqwaopgcmsbdie?natsdla:hgla;hrmgmauertemattht bettdvos powsctpotdained isobt ai ned
Is a concentgat a0 Eﬁﬁﬂﬁ% SRAI aé‘fo'ﬁgn*cf &E&“{@T&% %bdo}r%w%edﬁ]aﬁﬂ% A@hef and

havi ng a water content gener rom A part of the

wat er is taketgitfof gepesally Fﬁr@rrcéo lﬁtm‘} B g weight.n aartpef wmms takenfadf m a

form c aci d- et hé @biﬂ&n@h@bverﬁéaﬂ?ﬁ(’iﬂlﬁﬂﬂl the ot & kB adi@-chRginytwaky Si s
anounts of _formc cont ai ni ng

t | 13. t of th d-
fmata 2? Z{ ?ealnfr’]tgeéﬁl w&f éfP ar@ﬂ'&%fi. '8 Fﬁ'&gwllf%?‘é% vig ﬁ%ﬁnl% h %ch'e\/%ﬁ ine 12.
\me EOt t D316 thfhl@fbf ﬁfrrtnE]@ﬁllﬁr@bMGiml@ w?ef ﬁd:a]lcﬂ &anl helﬂtebiQopﬂi(ﬁhaﬁy vﬂﬂﬂfdvﬁi uz G
I C IS SUulta or e 1 on or a e er a
ool g oicTBmy e sfierd U (i B T bpRome Broahlof HEERb g B irel Bia i 45 oo
t enper at ur e tean epgatu e wheshulst sunable rips thel erystnBizfigeh, tfoyexdmple whta is he
super nat ant ?e?mé&’ Tauéo'oﬂgg TRkt é‘r?st@lﬁ%&élf %H%rﬁtil%an%ﬁ%rp%kbﬂﬂed Eﬁ&%ﬁfﬁﬁ’y y, the

separation is
temperature decrease. The resultant crystals are fed together with the supernatant

20  solution to the apparatus F for separation. Preferably, the separation is performed
by centrifugation. The crystals separated off are withdrawn via line 10 and can be
dried, for example, in optional following stages and/or further processed. The
resultant mother liquor is recirculated to the column E via line 11.

25  In another particularly preferred embodiment, the simplified process flow chart of
which is shown in figure 2, the process stages (a) and (b), and the preparation of
the metal formate, preferably potassium formate, and the operation of the columns
C and E are carried out as in the particularly preferred embodiment described
above. A liquid stream I from the preparation of MeFo is fed to line 3. Via line

30 12, a metal formate-containing stream II is fed to the column C, which stream II
was obtained by carbonylating the corresponding metal hydroxide. The stream I
containing the aqueous formic acid from the process stage (b) is fed via line 14 to
the column E and the stream Il containing the aqueous metal formate solution from
column C is fed via line 13 to the column E. The column E is preferably operated

35 in such a manner that the bottoms product obtained is a concentrated mixture
containing formic acid, metal formate and water, having a water conient of



by centrifugation. The crystals separated off are withdrawn via line 10 and
can be dried, for exanple, in optional follow ng stages and/or further
processed. The resultant nother liquor is recirculated to the colum E via
Tine 11. 25 In another particularly preferred enbodi nent, the sinplified
process flow chart of which is shown in figure 2, th&Ff060@%S28Gmyes (a)
and (b), and the preparation of the me2at formate, preferably potassium
formate, and the operation of the columms C and E are carried out as in the
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wat er sl0 eaBoroat b disclgrgoddkdm dreysiesi. of formic acid can here optionally be
taken off 5 fromthe systemvia |ine 18. The bottons product of the colum E
is fed vialine 15 to an apparatus G which is suitable for spray

granul ation, spray drying or nmelt «crystallization. The resultant solid acid
formate is taken off- via line 16 and can, for exanple, in optional

foll ow ng stages, be further dried and/or further processed. The resultant
condensate can optionally be recirculated via line 17 to the colum 10 E or
can be discharged fromthe system -26- PF0000054521/Gry W claim | A
process for preparing acid formats in which



5 aliquid stream | containing formc acid and a liquid stream H contai ni ng
a netal formate, are provided and 10 the liquid stream| is mxed wth the
liquid stream 11; obtaining the corresponding acid formate, which conprises
feeding, to the liquid stream| or a precursor thereof, to the liquid
stream 11 or a precursor thereof, or t©6+the nixture GFOPMROMSYUGISE reans |
and H a liquid streamlIll containing the .4 conponents below at contents
of in each cegalainf]. 1% by weight: 15 - netal formate, - nmetal nethoxide, -
met hanol and - nethyl formate (MeFo), 20 which is produced in a process for
prepari ng MeFo by carbonylating mnmethanol in a reactor at a pressure up to
50 MPa absol Ut e i A prdvesgiive peepadngpicid formatsah whidthoxi de as honobgeneous
catalyst, with 25 - withdrawal of the reaction m xture as gas streamin the
upper region of the reactor and - withdrawal of a liquid side streamfrom
t he reactor as st eahhiquid stream [ gprttigmgiaimioacidisedr eact i on mi xture as |iquid
stream |V, by sep,arqji@gd%gmm%gn@ﬂﬂné@mm%nﬁa@m stream |V 30 2. A
process as claimed in claim1, wherein MeFo are separated off fromthe
liquid stream IV by distillation in a colum by direct introduction of
steam 3. A procegépasidddainged in either claiml or 2, wherein the liquid
stream| is 35 obtained starting from MeFo, with (a) MeFo being partially
hydrol yzed and -27 PF 0000054521/ Gy -

10 the liquid stream I is mixed with the liquid stream II, obtaining the

corresponding acid formate, which comprises feeding, to the liquid stream I
or a precursor thereof, to the liquid stream II or a precursor thereof, or to
the mixture of the liquid streams I and II, a liquid stream I containing the
comiaonents below at contents of in each case > (.1% by weight:

15
- metal formate,
- metal methoxide,
- methanol and
- methyl formate (MeFo),
20
which is produced in a process for preparing MeFo by carbonylating
methanol in a reactor at a pressure up to 50 MPa absolute in the presence of
a metal methoxide as homogeneous catalyst, with
25 - withdrawal of the reaction mixture as gas stream in the upper region of
the reactor and
- withdrawal of a liquid side stream from the reactor as stream III, or
withdrawal of the reaction mixture as liquid stream 1V, by
separating off MeFo and methanol from stream IV.
30
2. . A process as claimed in claim 1, wherein MeFo are separated off from the
liquid stream IV by distillation in a column by direct introduction of steam.
3. A process as claimed in either claim 1 or 2, wherein the liquid stream I is
35 obtained starting from MeFo, with

(a) MeFo being partially hydrolyzed and



{b) the reaction mxture of the partial hydrolysis from process stage (a)

bei ng separated by distillation into a |ower-boiling streamV, conprising
MeFo and nethanot, and the higher-boiling stream1, conprising formc acid
‘and water. 5 4. A process as clainmed in claim3, wherein water and MeFo are
used in-the process stage (a) in a nolar ratio of friF®00545214Gmy: 1, in

particular in a nolar ratio of from627-to 3:1. 10 5. A process as cl ai med
in either claim3 or 4, wherein the liquid streamV is recirculated to the

process stage (axb) fhe Aapieic a8SufSofhri paedali ydedly$ie frazh Pprdbeds Stags (a)wher ei n
the streamV conprising NEFC{ ang n?t hl?art\ol i.st transferred totrstregyn I
containing metal  15°F8r MHIEAEh ONaPENIIAtoR 1518 A lowsThelling. ystiegm ~ Y.
reaction with a basicompusipguMdFnaandngethapsla aid thee highoj-bgjing streamd §f  t he
correspondi ng di SSO%&PHQMg?&ﬁH?a&H an g,a%geasur ed at 25C in aqueous

ce

. : d >
solution, in the prese wat er, an (ii1) renoval of the nmethanol by
distillafion. 7. A process as claimed in claim6, wherein the process stages

(i) and (ii) are A prRickdsefd JABRYEBETIAM PNhehSh Witkr 242 MeFarRREERSHRS Cl ai med
in any one of clai rrsm%téé)q%a wherein the nmetal _formate-contaiping stream |

; t
i s produced by c&F¥S 1p gemolap Fatiosofoliem ] \hde iUy patticyler 18 o A
process as cl ai megblarraanyf 6@ @f tcd:ains 1 to 9, wherein the liquid stream |
and the liquid streamH are mxed in a colum (E), the bottons liquid -
containing acid formate and water is taken off, the acid formate is
separatéfl St f byA progessaisiclamed oneitlep chymdr ardy lvetterain thesiqay saleam Wgisor el t

crystallization, r@d?x@yfaﬂ%dsto‘?ﬁé- 0{:&ggaggﬁgs isolated. 35 10. A process as
c o 9,

clainmed in any one o al s rein the acid formate

6. A process as claimed in either claim 2 or 3, wherein the stream V
comprising MeFo and methanol is transferred to stream II containing metal
15 formate and water, in process stage (c), by

(1) reaction with a basic compound having a pK, of the conjugate acid of
the corresponding dissociation stage of > 3, measured at 25°C in
aqueous solution, in the presence of water, and

20
(ii) removal of the methanol by distillation.

7. A process as claimed in claim 6, wherein the process stages (i} and (ii) are
carried together in one column.
25
8. A process as claimed in any one of claims 3 to 5, wherein the metal
formate-containing stream II is produced by carbonylating the

corresponding metal hydroxide.

30 9. A process as claimed in any one of claims 1 to 9, wherein the liquid stream
| I and the liquid stream II are mixed in a column (E), the bottoms liquid
containing acid formate and water is taken off, the acid formate is separated
off by crystallization, spray granulation, spray drying or melt
crystallization, and this acid formate is isolated.
35
10. A process as claimed in any one of claims 1 to 9, wherein the acid formate



- 28 PF 00000545211Gry prepared is acid potassiumformate, acid sodi um
formate, acid calcium fornmate or m xtures thereof, potassiumformate, acid
sodium formate, acid calciumformate or m xtures thereof, potassium
diformate, sodium diformate, sodiumtetraformate or mxtures thereof. 5 11.
A process as claimed in any one of claips 1 to 10, whBFE8MPUAEZHbEess for
preparing MeFo by carbonyl ati ng net harmod® Wi t h carbon nonoxide in a reactor
in which the liquid streamIll is produced as a side stream is carried out
at a pressure of preparedidatid Jddadviden dbswite)t widinddiam fortmatpexcat valeivaf 10 from

50 to 150C i n whi . j f g rai ned
MeFo i s separat edi% E‘F?[e?) ?%H?%%atg&éﬂsejgfs@?ég%l%yfgﬁ%%ggaﬁigﬁ%ﬁﬁ%ﬁﬁm%h%mr emai ni ng
gas streamis congalasgm| yorgratgaern imixiyres dbereelyl potessing dHermateaspdinms

circulated gas stligamaiedsdiBih iATorstaREs hindbs #elagi ty of fromat least 1
to 20 cms, preferably of fromat least 2 to 10 cm's, being set in at 15

| east one region of the reactor in which the gas flows essentially in one

direction. 1P A RppsRsSasdaiflediinRbly ofie 6f dlafihslDio mamfsrantﬂliee%ﬂase&salfoﬁet hoxi de
is used as honobgeneous &@Eal st bn he car on%ll at hon of net aHoI. W th
carbon 20 nonoxi d&°RATNE 2 UPPRAAY. T . yith Greon.moppydein|a g )i g
reacti on m xt ur erca@ointvwidchriic diquitedtieani fias peeldcédasyr @destadahy igpadsisi um
met hoxi de. 13. A clad ' ht ' r rejn the
nmet hanol is car b((g)urtn%? gﬁ%ﬁﬁrg ‘#f?r“grﬁ%&é%go 2{) l\gﬁ%o?gs?zdt}%ngﬁ %fa P? rt%rfaﬁ)cjwpge ﬁf MPa
absol utelland 25 faemadQ emp80°AL i evhadh 4 rgamseeamas 38ken oA from phocestoras
claimed in any OnGdncAIMEREislskphich iy WORY flolkal SFBAA Ly Bhiithsa total
anount of the nethanol fed to the reactor to tthe anopunt o freshly supplied
carbon nonoxi de ofCfTEBAIMNY gpp sgeagn s Gopmpieielyppr, partially jrecircylptedofo thes A
process as cl ai me@adibr andirclfedPfasCtidhiiBa eah @ad dupeil@ilSiclbcith@f fRachor  used
For preparing Nefg, g & 00 p SR of At B Badk 3 ST AVS belty &t in a

15 least one region of the reactor in which the gas flows essentially in one

direction.

12. A process as claimed in claim 10, wherein the metal methoxide is used as

homogeneous catalyst in the carbonylation of methanol with carbon

20 monoxide at a concentration of from 0.01 to 2 mol/kg of liquid reaction
mixture, and the metal methoxide used is preferably potassium methoxide.

13. A process as claimed in either claim 11 or 12, wherein the methanol is
carbonylated to form MeFo at a pressure of from 2 to 4 MPa absolute and
25 at a temperature of from 60 to 85°C.

14. A process as claimed in any one of claims 11 to 13, wherein a molar ratio
of the total amount of the methanol fed to the reactor to the amount of
freshly supplied carbon monoxide of from 1.4 to 3.3:1, preferably 2:1, is

30 set.

15. A process as claimed in any one of claims 11 to 14, wherein the reactor
used for preparing MeFo is a bubble column and this is operated in a
cocurrent flow procedure with respect to the feed of the methanol-

35 containing liquid stream and the carbon monoxide-containing gas stream.



cocurrent flow procedure with respect to the feed of the nethanol 35
containing liquid stream and the carbon nonoxi de-contai ning gas stream -29
PF 0000054521/ Gty 16. A process as claimed in any one of clains 11 to 14,
wherein the reactor wused for preparing MeFo is a cascade reactor, and
preferably the top zone of the cascade_,reactor is opgfépggo%tﬂyqf’é}‘mer ature
of from80 to 150C. 5 17. A process as tiained in any one of clains 11 to
16, wherein the gas stream wthdrawn fromthe reactor is separated in an
enri chnment cbb.umaAi prbcesans chiified ¢wabyione vf chims din tet Ide avhesminl tie actoon

nmonoxi de- and MeFg; (AT Str i i ed of f
from the top stroned 80 bELHAIOMEPR i b cafhe RALLE, M pbferdly Bed6h 20

conpl etely or par ef the Fgscadegrepeter is epprated it 8 empesatprcafifenm 88t | YEG at ed gas
stream 18. The use of the acid formates prepared in a process as clainmed in
any one of clainms 1 to 17 for preserving and/or acidifying plant materi al
and/ or anmt mal’- nafdrpegss asj¢laimpd l?ﬁéyﬁg"eog?laltnl‘?e“a@i I&aw@r%m&@ 238 d5Md in a

process as cl ai negithdradnyfréi@h®teac®raé B¥patatédinlan Efictniedtoldghnbinf\vast es. 20.
The use of the acj

formates prepared in a process as claj ned i y one of
20 claims 1 to 17 Eo'gﬁg?’ﬂ‘%qﬂoﬁgg'nisﬁﬁatm r?ﬁ’firﬁt'fagﬁonaﬁ’&q’@f‘%ﬁé aé'floweﬁgbr onot er
for animals. containing top stream, entrained MeFo is separated off from the top stream
by condensation and the remaining gas stream is completely or partially -~

10 recirculated to the reactor as circulated gas stream.

18.  The use of the acid formates prepared in a process as claimed in any one of
claims 1 to 17 for preserving and/or acidifying plant material and/or animal

material.
15
19.  The use of the acid formates prepared in a process as claimed in any one of
claims 1 to 17 for treating biowastes.
20.  The use of the acid formates prepared in a process as claimed in any one of
20 claims 1 to 17 as additive in animal nutrition and/or as growth promoter for

animals.



