9 ‘MAR 2006 Preparation of acid formates 5 The present invention relates to a
process for preparing acid formates. Acid formates have an antim cr.apusd 7905
activity and are used, for 10 exanple, for preserving and acidifying
materials of vegetable and aninmal origin, for exanple grasses, agricultural
products or nmeat, for treating biowastes, or as an additive for aninal
nutrition. 15 Acid formates and preparation nethods for these have | ong been

known, c der anorganischen Cheme [Grelin's Handbook
of Inorganlfepéﬁgu&? Aﬁ%@@g 93 |on Nunber 21, pages 816 to 819, Verlag

Chem e GrbH, Berlin 1928 and Nunber 22, pages 919 to 921, Verlag Chem e
GrbH, Berlin 1937, describes the 20 synthesis of sodiumdifornmate or
pot assi usn di formate by dissolving sodiumformate or potassiumformate in
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preparation sodi um acid formates having varyi ng acid content by
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of thel@igsiidedormatiem and pyepatatisyl mekbods Thars theee kxeaplosg been he

prepar at i hovh , athds AGHRNLHE BandisuaH dee andidardBgheANTRBMIR \WBihe€lin4) is

;stgaflzsb%ﬁn‘abggﬁp@ﬁn%o&%éc %ﬁeﬂéiﬁ?csﬂb%aﬁb@nprmet EP”IFQJ eac:a(rjbonat o
B &6 gié G{zef}'iag Eﬁéﬁhé’ f ol ”b&fﬂ goggﬁm% E%IA 52%%3%

H at
or bicarbag %L’ee Cg_r éF?IB egﬁ"b%‘rohﬁ’é{"sn S §P€alts of

96/ 35657 t c%@s
forni c #RiYMPeRikiHy %@ﬂ&@s%fﬁrw &) P‘é‘é%ﬁﬁ}nﬁﬂbﬁlfam%ﬁﬂ &% f or mat e,
pot assi umdissdiluin®rsaEsmufvhyare ximdeotasaibofatraate i camrdnaaeid.or ammoni a

W th opti anrl byys€akldi®e diformates may be obtained by lowering the
temperature and evaporating off excess formic acid.

25 DE 424017 teaches the preparation of sodium acid formates having
varying acid content by introducing sodium formate into aqueous
. formic acid in an appropriate molar ratio. By cooling the
" solution the corresponding crystals are obtained.

30 According to J. Kendall et al., Journal of the American Chemical
Society, Vol. 43, 1921, pages 1470 to 1481, potassium acid
formates are obtainable by dissolving potassium carbonate in 90%
strength formic acid, forming carbon dioxide. The corresponding

.solids can be obtained by crystallization.

35
GB 1,505,388 discloses the preparation of acid carboxylate
solutions by mixing the carboxylic acid with a basic compound of
the desired cation in agqueous solution. Thus, for example, in the
preparation of acid ammonium carboxylate solutions, ammonia water

40 is used as basic compound.

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

45



5 formc acid, subsequently cooling the reaction mxture, filtering the
resul tant ssygpension and drying the resultant filter cake and recir<@IMiRi0H
the filtrate. A disadvantage of the abovenentioned processes is that for
each 10 nole of formate formed by reaction with the basic conmpounds, one
nole of formc acid is consuned and, 2s a result, based on the entire
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liquid and m}% 88%&” ot her conponents, for exanple other sal addltlves
or .solven Y5 oF examﬂ e water. GCenerally, the acid formates can be 35
represented by the formula HCOO- MX+l /x * y HCOOH (I) , where Mis a
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agqueous solution, separating off the methanol formed and,
. optionally, setting the desired acid content by adding formic
" acid.

30 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
contain other components, for example other salts, additives or
.solvents, for example water. Generally, the acid formates can be

35 represented by the formula

HCOO-M**;,, * y HCOOH (I),

where M is a monovalent or polyvalent inorganic or organic

40 cation, x is a positive number and indicates the charge of the
cation and y is the molar fraction of formic acid based on the
formate anion. The molar fraction of formic acid based on the
formate anion y is generally from 0.01 to 100, preferably from
0.05 to 20, particularly preferably from 0.5 to 5, and in

45 particular from 0.9 to 3.1.



(Na+), potassium (K+), cesium (Cs+), magnesium (My2+), calcium (Ca2+),
strontiumé5923) and barium (Ba2+), preferably sodium 10 (Na+), potassi MAR 2005
(K+), cesium (Cs+) and cal cium (Ca2+). Possible organic cations are

unsubsti tuted amoni um (NH4) and ammoni um substituted by one or nore
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di ssoci at i gyrisdiatigami n this case is the acid forned 40 by fornmal addition of
a proton (H+). In the event that the basic conpound is a salt, this can in

general be re sented by the_ forml Aa x 45 5302 9, MAR 2006 4
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substituted by one or more functional groups which contain, for

25 example, oxygen, nitrogen, sulfur and/or halogen, for example by
fluorine, chlorine, bromine, iodine and/or a cyano group (the
radical R in this case is also a carbon-containing organic
radical). The carbon-containing organic radical can be a
monovalent or pelyvalent, for example divalent or trivalent,

30 radical.

To prepare the acid formates, in the inventive process, methyl
formate is reacted with water and a basic compound having a pK, of
. the conjugate acid in the corresponding dissociation state of =3,
35 preferably =3.5, particularly preferably =9 and very particularly
preferably =10, measured at 25°C in aqueous solution. The basic
compound can be inorganic or organic. The basic compound can be a
salt or a covalent compound. The conjugate acid of the
corresponding dissociation state in this case is the acid formed
40 by formal addition of a proton (HY).
In the event that the basic compound is a salt, this can in
general be represented by the formula

MX* Ra=y (1II),
45



In the event that the basic conpound is a coval ent conpound B, 10 thg

di ssoci ati ggogguati on which defines the pKa to be used is as follows IMAR 2806
+ H+ (1V) 15 Exanpl es of suitable basic conpounds are the salts MX+aAa- X
(1), where MX+ is a nonoval ent or polyvalent nmetal cation of a netal as
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Met hyl am neMet hyl ammoni u

15 Examples of suitable basic compounds are the salts M*t a2-, (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 la and the
covalent compounds B listed in Table 1b.

20 Table la:
Possible anions A2~ of suitable basic compounds and pK,s (measured

at 25°C in aqueous solution) of the conjugate acids of the
corresponding dissociation states.

25
Anions A2~ Conjugate acid PKa
Hydroxide (OH-) Water (H;0) 14.0
Carbonate (C034-) Hydrogen carbonate (HCO3-) 10.3
Hydrogen carbonate (HCOs3~) |Carbonic acid (H,CO3) 6.4
30 |Borate (BO3*-) Hydrogen borate (HBO3<-) > 14
Hydrogen borate (HBO32-) Dihydrogen borate (H;BO3-) > 14
Dihydrogen borate (H;RBO3-) |Boric acid (H3BOi) 9.3
Phosphate (P0s3-) Hydrogen phosphate (HPOz;<-) 12.3
Hydrogen phosphate (HPO4¢-) |Dihydrogen phosphate (H2PO4-) 7.2 -
| Formate Formic acid 3.8
35 [acetate Acetic acid 4.8
Propionate Propionic acid 4.9
Oxalate (C;044-) Hydrogen oxalate (HC5047) 4.2
2-Ethylhexanoate 2-Ethylhexanoic acid > 4
(C4Hg-CH(C,Hs)-C00~) (C4Hg-CH (CyHs ) ~COOH)
40
Table lb:

Possible covalent bases B as suitable basic compounds and pK,s
(measured at 25°C in aqgueous solution) of the conjugate acids of
45 the corresponding dissociation states.
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hydroxide, sodium carbonate, sodium formate, potassium hydroxide,

25 potassium carbonate and/or potassium formate, in particular
sodium hydroxide, sodium formate, potassium hydroxide and/or
potassium formate.
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The manner in which the basic compounds are added is generally

30 not critical in the inventive process. 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 agqueous solutions (for example agueous
.solutions of the alkali metal salts or ammonia water), in the

35 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 agqueous
solutions.

40 The sequence in which the starting materials are added is also in
general not critical in the inventive process. Thus, it is
possible, for example, to introduce first the basic compound in
solid or liquid form (for example as aqueous solution) and then
to introduce the methyl formate in the liquid or gaseous state

45 with stirring. It is also possible to introduce first the methyl
formate in liquid form and then to add the basic compound. In



parallel in the desired ratio. The nolar ratio of nethyl formate to the
basi c compeagshis 5 generally not critical for the process. Generally3 MiR 2006
| east as rmuch nethyl formate is used with respect to the basic conpound so
that, on the basis of the reaction stoichionetry, all of said basic
compound is converted into formate. Tée critical paraneter of this is what
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by the cust owdey kawiwelenscesses, for exanple by evaporation. In the
evaporation of nethanol, it is also possible to separate off conjointly a
portion of any water 453}presgnt_-|—f_-aper9@r| ate all of the water. Preference
is given to evaporating net hafjpl Mjghout significant anounts of water,
Si nce Rﬁg this case nethanol is predom nantly obtai ned as condensat e, 53023

0
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A methyl formate/potassium carbonate molar ratio of 2.0, in

contrast, leads to the formation of potassium formate HCOOK,
since 1 mol of K;C0; corresponds to 2 molar equivalents:

25 CO32- + HY —|——= HCO;-
pKy = 10,3
HCO3- + H¥ ——==  H,CO;
' PKa = 6,4
30

Depending on the molar ratio employed of methyl formate to the
molar equivalent of the basic compound, the reaction product
obtained is a mixture containing formate HCOO-MX+;,, (without
excess of formic acid) or acid formate (I) HCOO-MX*;,, * y HCOOH

35 and methancol, if appropriate water and if appropriate reaction
products of the basic compound.

The methanol formed is separated off in the inventive process
from the resultant reaction mixture, in which case, if

40 appropriate, other components, for example formic acid, can be
added to this reaction mixture in advance. The methanol can be
removed, for example, by the customary known processes, for
example by evaporation. In the evaporation of methanol, it is
also possible to separate off conjointly a portion of any water

45 present, if appropriate all of the water. Preference is given to
evaporating methanol without significant amounts of water, since
in this case methanol is predominantly obtained as condensate,
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25 after separating off the methancl.

. Preference is given in the inventive process to the preparation

" of acid formates in which the methyl formate is reacted with
water and a basic compound, as defined above, directly to form

30 acid formates (I) and the methanol formed is separated off. In
this preferred variant, subsequent setting of the desired acid
content by subsequent addition of formic acid is generally no
longer necessary.

35 In the inventive process, generally a molar ratio of methyl
formate “n(methyl formate)” in the fresh feed to the molar
equivalent of the basic compound “n’ (basic compound)” in the
fresh feed, taking into account all dissociation states which
lead, by addition of protons, to conjugate acids which have a pK,

40 of =3, measured at 25°C in agqueous solution, of

n(methyl formate)
n’{basic compound)

45 of from 0.5 to 100 is used. Preferably, said molar ratio is from
1.0 to 10, particularly preferably from 1.1 to 20, very
particularly preferably from 1.5 to 6, and in particular from 1.9
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cooled for crystallization and 45 the precipitated acid formates are

separ at ed 19ff meSRALb1 FHo¥abal {4 ZaldHntkd gePeIAldhy Qﬁ{réﬁ%eok_btroéé
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or evaporation are distillation and stripping. In
. distillation the resultant reaction mixture is generally
" transferred to a batchwise, semicontinuous or continuous column
and distilled there. However, it is also possible to evaporate
30 off the methanol from the reaction apparatus after the reaction.
In this case the reaction apparatus is advantageously fitted with
a distillation attachment. In the case of stripping, a stripping
gas is passed through the reaction mixture. Suitable stripping -
gases are in principle all gases which are inert with respect to
35 the reaction mixture, for example air, nitrogen, oxygen, noble
gases or mixtures thereof.

If it is intended to prepare agueous solutions of the acid
formates, generally, after the methanol removal, the desired

40 water content is set. This is achieved by supplying or distilling
off water.

In a preferred embodiment of the inventive process, the mixture
obtained after methanol removal is cooled for crystallization and

45 the precipitated acid formates are separated off. Said
crystallization is generally carried out at a temperature in the
range from —20°C to +30°C, and preferably from 0°C to 30°C.



General ly, the anount of product crystallized out increases with decreasing
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Preferably, said reaction and removal of methanol are carried out

25 continuocusly.

~ Particularly preferably, in the inventive process potassium

" diformate (HCOOK * HCOOH), sodium diformate (HCOONa * HCOOH),
sodium tetraformate (HCOONa * 3 HCOOH) or mixtures thereof, and

30 in particular potassium diformate are prepared.

The acid formates are generally prepared in the form of their
solutions or crystalline as solids. To them may be added other
components, for example other formate salts. In the case of the

35 crystalline acid formates, it is generally advantageous for
storage, transport and use to compress these together with a
dessicant, for example silicates or starch, to give a particulate
compactate or various shaped bodies, for example tablets or
spheres.

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



Furthernore, the invention relates to the use of the inventively prepared
acid formates for treating biowastes. The use of acid formates for treating
bi owast es 53028scri bed, for exanple, in WO 98/20911. 5 The inventi ong MR Qi
relates to the use of the inventively prepared acid formates as an additive
in animal nutrition and/or as growth ronoters for animals, for exanple
breedi ng sows, fattening pigs, poul t*‘g cal ves and cows. Said use is
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addi tion fon relates to the use of the inventively prepared acid
f or mat essf or preserving and/or acidifying materials of plant or ani nmal
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errbodl g %ﬁ g CO?I'[I nuous preparation of potassiumdifornmate, an
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desi red t epyrpastedr ecidffqumatesabby presardyingoaddOmrdidsthihg matentials

i ntroductief plaant or animal origin, for treating biowastes and/or as an
additive in animal nutrition.
20
Particular preference is given to the use as an additive in
animal nutrition. Preferred acid formate-containing products are
the mixtures below:

25 Mixture 1 (% Mixture 2 (%
by weight) by weight)
Potassium diformate 20 to 60 60 to 99
Sodium diformate/tetraformate 20 to 50 -
30 Calcium formate 0 to 25 0 to 28
Desiccant (silicate or starch) 0 to 4 ¢ to 4
Water 6 to 5 0 to 5

Very particular preference is given to the use of the inventively -
prepared potassium diformate in animal nutrition in the form of a
product of composition 98.0 x1% by weight potassium diformate,

1.5 =1% by weight silicate and 0.5 =0.3% by weight water.

35

In a general embodiment for the continuous preparation of
potassium diformate, an aqueous potassium hydroxide and/oxr
potassium formate solution is placed in a reactor (for example a
stirred tank), the solution is heated to the desired temperature
of preferably from 50 to 80°C and methyl formate introduction is
started, with stirring. The amount of water present was set in
such a manner that, under the reaction conditions, all of the
potassium salt used and also the potassium formate formed are
present in dissolved form. After an amount of 1 mol of methyl
formate, based on 1 mol of potassium salt used, has been added,

40

45
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tenperatLHR?%?PnFr%RnQH?SPéVQd orm. After an amount of 2 mol of methyl
formate, based on 1 mol of potassium salt used, has been added,

introduction of further potassium salt solution is started, in

30 parallel with the feed of methyl formate. The stoichiometry
between methyl formate and the potassium salt is then further
2:1. After the desired liquid level in the reactor has been
achieved, transfer to a distillation column is started. There, -
-after the operating point has been reached, methanol is distilled

35 off overhead continuously. The resultant methancl can, for
example, be reused in the synthesis of methyl formate via
carbonylation. The resultant bottoms discharge is passed into a
crystallization vessel and cooled to a temperature of from 10 to
25°C, potassium diformate precipitating out. The precipitated

40 potassium diformate is separated off via filtration or
centrifugation and fed to a drier. The mother liguor, which still
contains further dissolved potassium formate and formic acid, is
continuously recirculated to the reaction apparatus.

45 The inventive process makes it possible to prepare acid formates
on an industrial level in high yield with simultaneously high
flexibility with respect to composition and using readily
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diformate. The potassium diformate which crystallized out was
. isolated and dried. From the content of methyl formate in the
- filtrate, determined quantitatively by gas chromatography, its
conversion rate was calculated as 72%. The filtrate was
30 concentrated completely by evaporation and the sedimented
potassium diformate was isclated and dried. Both potassium
diformate samples were then combined, weighed and analyzed for
water and potassium contents. A potassium content of 30% by -
-weight and a water content of 2% by weight were found, which
35 corresponds to the composition of potassium diformate having a
residual content of water of crystallization. Corrected by the
amount of potassium formate and potassium diformate used, in
total 15.5 g (0.12 mol) of potassium diformate were cobtained.

40 Example 2

Example 2 was carried out in a similar manner to Example 1,
except for the amount of potassium diformate used, which was
0.5 g (equivalent to 0.0038 mol of potassium diformate). The

45 conversion rate of methyl formate was 72%. The mixed sample from
the product which was crystallized out and obtained by
evaporative concentration had a potassium content of 30% by
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~ Example 4

50 g (0.89 mol) of potassium hydroxide and 10.25 g of water

30 (0.57 mol) were placed in a 400 ml glass autcclave and heated to
60°C. Then, in the course of 6 hours at 60°C, 107 g (1.78 mol) of
methyl formate were added. The reaction solution was cooled to
room temperature and the liquid discharge was analyzed by gas
.chromatography. Methyl formate was no longer detected. The liguid

35 discharge was concentrated to separate off water and methanol and
the potassium diformate was isolated. The conversion rate of
methyl formate was > 99%, and the yield of potassium diformate
was 116 g (0.8% mol). The water content in the potassium
diformate was 2.0% by weight, and the potassium content was 29.8%

40 by weight.

Example 5

74.8 g (0.89 mol) of potassium formate and 30.0 g of water

45 (1.67 mol) were placed in a 400 ml glass autoclave and heated to
60°C. Then, in the course of 6 hours at 60°C, 53.5 g (0.89 mol) of
methyl formate were added. The reaction solution was cooled to
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20 phase, 21 g of potassium diformate crystallizes out, which was
isolated by filtration. The resultant potassium diformate is
characterized by a low water content < 2,.0% by weight, without
additional drying being performed. The residual potassium
diformate can be isolated by separating off the water by
25 distillation. The conversion rate of methyl formate was > 99%,
and the yield of potassium diformate was, in total, 116 g
{0.89 mol).
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selected fromthe group consisting of sodi um hydroxide, sodium hydrogen
carbonat e, sodi um carbonate, sodiumformate, potassium hydroxi de, potassium
hydrogen carbonate, potassium carbonate, potassiumformate and/ or argmy AL
separating off 10 the nethanol fornmed and, optionally, setting the desired
~acid content by adding formc acid.12. A process as claimed in claiml1,
wherein a nolar ratio of methyl formate in the fresh feed to the nol ar

equi val ent of 15 the basic conmpound in the fresh feed, taking into account
all dissqei aiipn states which I ead, by addition of protons, to conjugate
aci ds which have a pKa of z 3, neasured at 25C in aqueous solution, of from
1.0 to 10.is % frocess as &Ialmed I n ﬁ 1 or. 2, V\/nereln I n
the reaction’ Er?:%erf’(?e PF aPT SRR INAER jcz)‘i’r“far"'('f’t‘?] Y11t o @?%lﬁﬁ wei ght in the
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wherein the B88lecast ifonmi sheggudupdconsistirg tofnpedatmirieydoxfidem O to 150C
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wher ei n the noeheent ibgueddinmbtfximmdd whad. t he acid formates are separated of f
is reused in the reaction of methyl formate with water and a basic

conpound. 28. A PFOEASS a8ScEifldEdn B13DY Pf WHedkiR 4 hab rAREHEHA
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thereof are preg
asic compound in the fresh feed, taking into account all
dissociation states which lead, by addition of protons, to
conjugate acids which have a pK; of =3, measured at 25°C in
aqueous solution, of from 1.0 to 10 is used.

20 3. A process as claimed in claim 1 or 2, wherein, in the
reaction, a concentration of water of from 0.1 to 95% by
weight in the reaction apparatus is used.

4. A process as claimed in any of claims 1 to 3, wherein the
25 reaction is carried out at a temperature of from 0 to 150°C
and at a pressure from 0.05 to 1 MPa absolute.

"5, a process as claimed in any of claims 1 to 4, wherein the
methanol formed is separated off by evaporation from the
30 reaction mixture.

6. A process as claimed in claim 5, wherein the resultant
mixture is cooled and the precipitated acid formates are i,
: separated off.
35
7. A process as claimed in claim 6, wherein the mother liquor
obtained when the acid formates are separated off is reused
in the reaction of methyl formate with water and a basic
compound.
40
8. A process as claimed in any of claims 1 to 7, wherein
potassium diformate, sodium diformate, sodium tetraformate or
mixtures thereof are prepared.
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