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Abstract

Disinfecting agents with a high microbiocidal effect
contain up to 5 wt.-3% performic acid, hydrogen peroxide and
peracetic acid. They can be obtained by addition of a
source of formic acid, such as formic acid, a water-soluble
salt of the same or a lower formic ester, to an aqueous
phase containing 5 to 50 wt.-% hydrogen peroxide and 1 to

15 wt.-% peracetic acid and, in the case of the addition of

a salt, additionally a mineral acid. Preferred agents

result from the addition of 0.1 to 1 mole sodium formate or
formic acid, per kg of the agent to be produced, to an

equllibrium peracetic acid containing mineral acid with 0.5

to 6 wt.—-% peracetic acid.
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Aqueous Disinfecting Agent Containing Performic Acid And

Peracetic Acid

5 The 1nvention 1s directed towards an aqueous disinfecting

10

15

20

25

30

agent containing performic acid and peracetic acid, a
process for production thereof and also the use thereof for

controlling micro-organisms, particularly 1n agueous

sSystens.

For the treatment of aqueous solutions, particularly
municipal sewage, surface waters and industrial
recirculated waters and waste waters containing micro-
organisms, that - for hygienic, operational or .
environmental reasons - cannot be discharged or re-used ‘in
the untreated state, effective treatment processes are
necessary. Effective chemical processes that at the same
time are environmentally compatible are based on the use of
active-oxygen compounds such as disinfecting agents
containing, 1n particular, hydrogen peroxide, peroxyacetic
acid and peroxyformic acid, usually designated as peracetic
acid and performic acid. The term “disinfecting agent” is
to be understood to mean an agent that is suitable for
controlling all types of micro-organisms, such as bacteria,
viruses, moulds and algae; in addition, this agent is
suitable for controlling small creatures such as

zooplankton.

It 1s known that hydrogen peroxide is a moderately
effective, mild disinfecting agent with bacteriostatic
properties. Whereas Hy;0; concentrations of 25 mg/l do
inhibit the growth of some bacteria, an effective lowering
of the bacterial count requires many hours, even at much

higher H;0, concentration, or an additional UV irradiation

process. Such measures are 1inadequate and, in addition,
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uneconomic 1n the case of disinfection of large quantities
of water, for instance with a view to treating water in

clarification plants and their outlets.

Peroxyacetic acid (PAA), on the other hand, is a highly
effective active agent, the use of which enables a rapid
reduction of bacteria. Peracetic acid is accordingly
employed, inter alia, for sterilisation in the food
industry and for the disinfection of bottles and hospitals.
Commercially available peracetic acid solutions with a
content of 15 wt.-% PAA additionally contain about 14 wt.-%
H,0, and 28 wt.-% acetic acid. The use of PAA solutions of
this type causes, on account of their unpleasant corrosive
and fire-accelerating properties, problems with regard to
handling, storage, materials and transport. A further
disadvantage 1s the high content of acetic acid, which can

result in an increased COD content and, additionally, in a
drastic bacterial aftergrowth.

The previously demonstrated disadvantages of the PAA
solutions can, according to DE-0S 195 31 241.4, be avoided
by using a peracetic acid solution of low concentration
with a content of 0.5 to 2.5 wt.-% PAA, 40 to 50 wt.-%
hydrogen peroxide and less than 2 wt.-% acetic acid.
Despite the acknowledged good effect of such a peracetic
acid solution as a disinfecting agent, in some applications
there 1s a demand for a more rapid and, in some cases, a
still more efficiently active disinfecting agent based on
active-oxygen compounds that does not present the

disadvantages of the aforementioned PAA solutions with a

PAA content of 15 wt.-% or above.

An alternative to disinfecting agents based on solutions
containing peracetic acid and hydrogen peroxide is
constituted by aqueous solutions that contain performic
acid (PFA), PAA, hydrogen peroxide and formic acid.
According to J. Hyg. Epidem. Microbiol. Immunol. (1968) 12,

115, performic acid possibly exhibits better fungicidal
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properties than peracetic acid, but the effect might also
be attributed to formic acid. By using a solution of this
type it is possible, according to EP 0 231 632 A2, for
micro—-organisms on surfaces and, according to WO 94/20424,
in water circuits to be controlled or destroyed within
about 0.5 to 60 minutes at a usage concentration in the

range from 1 to 1,000 ppm, in particular 5 to 100 ppm, of

performic acid.

The PFA solution according to WO 94/20424 and EP 0 231 632
is produced in situ by reaction of hydrogen peroxide with
formic acid, the molar ratio of Hy0; to formic acid lying
in the range from 1 : 10 to 10 : 1. Highly concentrated
formic acid and 20 to 50 wt.-% hydrogen peroxide are
employed. Disadvantages of such a PFA solution are the not
inconsiderable risk of explosion and the high corrosivity

and hence problems as regards handling and safety.

From WO 95/24388 it is known that the reaction of formic
acid with hydrogen peroxide proceeds fairly slowly until
equllibrium 1is established, but the formation of PFA can be
accelerated 1n the presence of a carboxylic ester, for
example ethyl acetate, by way of catalyst. In addition to
a carboxylic ester or as an alternative thereto, a compound
with a -C(0)-0- group - which, however, is not a carboxylic
group - may serve as catalyst; i1n this document, however,

there 1s no suggestion as to why it might be a question of
compounds of this type.

A disinfecting agent containing performic acid is also
known from WO 95/32625: the performic acid is formed by
reaction of a formic ester such as ethyl formate with an
oXxidant, 1in particular hydrogen peroxide. Although the
diminished corrosivity in comparison with the formic-
acid/hydrogen-peroxide system is advantageous, the very low

concentration of performic acid as demonstrated by the

Examples - as a result of which an adegquate rate of kill

can only be achieved after a relatively long exposure time
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is disadvantageous. In addition, a formic ester 1s more

expensive than formic acid.

In DE-A 39 29 335 a process 1is taught for the disinfection of
textiles 1in washing 1nstallations, whereby an agent con-
talning peroxycarboxylic acid 1s admixed to the final rinsing
operation. This agent 1s, 1n particular, an equilibrium
peroxycarboxylic acid solution with a content of 40 to 60
wt.—-% carboxylic acid, 2 to 5 wt.-% peroxycarboxylic acid and
0.1 to 3 wt.-% hydrogen peroxide. With a view to producing
the agent, 1n addition to acetic acid, use may also be made
of formic acid and propionic acid, as well as mixtures of
such acids, by way of carboxylic acid; no details can be
gathered from this document relating to two carboxylic acids
and, accordingly, agents containing the corresponding

peroxycarboxylic acids.

Although disinfecting agents based on performic acid may in
some cases display a higher microbicidal effect than those
based on peracetic acid, the production and handling of sol-
utions containing performic acid in higher concentration 1s
problematic. Accordingly, an object of the invention is to
provide a disinfecting agent containing performic acid,
peracetic acid and hydrogen peroxide that can be produced
easlly and safely 1n situ and that can be used for disin-
fecting purposes after a short reaction time. In addition,
the disinfecting agent should result, after a short exposure
time, 1n a high rate of kill of the microorganisms 1n aqueous

systems.

The present invention provides a process for producing an
aqueous disinfecting composition containing peracetic acid
and performic acid by addition of a source of formic acid to
an aqueous phase containing hydrogen peroxide. The source of
formic acid 1s formic acid or a water-soluble salt of formic

acid, 1n a quantity from 0.1 to 1.0 mole formic acid or 0.1

to 1.0 equivalent of formate per kg of the composition to
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be produced. The aqueous phase contalining hydrogen peroxide 1s an

equllibrium peracetic acid solution containing 20 to 60 wt.%
nydrogen peroxide, 0.5 to 6 wt.% peracetic acid, less than 10 wt.%
acetlic acid and up to 3 wt.% of a mineral acid. The mixture 1is
allowed to stand for at least 1 minute up to 5 hours prior to use.
Preferably, the content of the acetic acid 1s less than 2 wt. %,
and the source of formic acid is an alkali-metal formate,

particularly sodium formate.

By way of aqueous phase containing hydrogen peroxide and per-—-acetic
acid an equilibrium peracetic acid 1is preferably employed which,

owing to the equilibrium, also contains acetic acid. In addition,

the equilibrium peracetic acid expediently also contains a mineral

aclid catalyst stemming from its production, such as, in particular,
a catalyst .of this type selected from the series comprising
sulfuric acid, phosphoric acid (HsPO,), pyrophosphoric acid (H4P;0)
and poly-phosphoric acid (Hp::PrOszns1), where n is an integer > 3.
The peracetic acid solution expediently contains 0.1 to 5 wt.-%, in

particular 0.5 to 3 wt.-%, mineral acid.

The content of peracetic acid (PRA) in the equilibrium peracetic
acld to be employed expediently lies in the range from 0.5 to 15
wt.—-%, 1n particular 0.5 to 6 wt.-% and, according to another
preferred embodiment, in the range from about 1 to 3 wt.-%. Such
equllibrium peracetic acid solutions generally have a content of

hydrogen peroxide 1n the range from about 20 to 60 wt.-%, 1in

particular 20 to 50 wt.-%; preferred solutions with 1 to 3 wt.-%
peracetic acid usually contain 30 to 50 wt.-% hydrogen
peroxide. The acetic acid content of preerred equilibrium
peracetic acid solutions should, as a ruie, lie below 10 wt.-%.
Solutions with 0.5 to 3 wt.-% PAA preferably contain less than
2 wt.—-% and, particularly preferred, less than 1 wt.-% acetic
acld. An acetic acid content that is as low as possible

reduces the risk of rapid bacterial aftergrowth after

microbicidal treatment of an agueous system with a
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disinfecting agent that has been produced in accordance
with the i1nvention. Accordingly, 1n a preferred embodiment
an equilibrium peracetic acid with a content of 30 to 50
wt.-% HyO0,, 1 to 3 wt.-% peracetic acid (PAA), less than 2
wt.-%, 1n particular less than 1 wt.-%, acetic acid and 0.5

to 3 wt.-% mineral acid is employed by way of aqueous
phase.

By way of source of formic acid, either formic acid, a
lower formic ester, such as methyl, ethyl or propyl
formate, or a water-soluble salt of formic acid can be
employed. The salt may be added 1n the solid state or in
the form of an aqueous solution of the agqueous phase
containing H»,O0, and PAA. Water-soluble salts are alkali-
metal formates, in particular sodium formate, and alkaline-
earth-metal formates, in particular calcium formate. Also
employable are ammonium formate and quaternary ammonium
formates, whereby the guaternary ammonium ion, for instance
(C10-Cy1g) —alkyl-trimethylammonium, may itself exhibit
microbicidal properties. The particular advantage of the
use of an alkali-metal formate lies 1in the safe and easy
handling thereof, the inodorousness of the salt and also in

the reduction in the corrosivity of the disinfecting agent
to be produced.

The quantity of formic acid or salt of the same that is
used lies ordinarily in the range from 0.1 to 1 mole formic
acid or 0.1 to 1 equivalent of formate per kg of the
disinfecting agent to be produced. Provided that the
peracetic acid solution employed contains a sufficiently
large quantity of mineral acid, the quantity used can also
be i1ncreased further, even in the case where use is made of
formates. 1In the case where a salt of formic acid is
employed, the quantity used should be lower than 1is
required for neutralisation of the mineral acid that 1is

present. Preferably 0.1 to 0.8 m-equivalent of

Gl e e VMV IIAIME. Ay TN A Sl b 30 4



10

15

20

29

30

CA 02266523 1999-03-22

alkali-metal formate, in particular sodium formate, are

employed per m-equivalent of mineral acid that is present.

With a view to producing a preferred disinfecting agent,
one of the aforementioned preferred equilibrium peracetic
acid solutions with a PAA content of 0.5 to 6 wt.-%, a H,0,
content of 20 to 50 wt.-% and an acetic acid content of
less than 10 wt.-% is brought into contact with 0.2 to 1
mole formic acid or 0.2 to 1 equivalent of formate by way
of source of formic acid. After being left to stand or
being stirred for a short time, in general for at least 1
minute to 5 hours, the solution now containing performic
acid (PFA), peracetic acid (PAA) and hydrogen peroxide can
be used as a disinfecting agent. The attainment of
equilibrium is frequently not necessary, because non-
reacted formic acid itself exhibits microbicidal activity.
The solution containing PFA should preferably be used |
within about 12 hours, since the PFA content declines again
after attaining a maximal value and the peracid content

substantially drops again to values pertaining to the

solution originally employed.

A preferred aqueous disinfecting agent that can be obtained
with the process according to the invention contains

per kg: 0.1 to 3 wt.-% performic acid, 0.1 to 5 wt.-%
peracetic acid, formic acid and acetic acid in a total

quantity of less than 10 wt.-% and 20 to 50 wt.-% hydrogen
peroxide.

In addition, the disinfecting agent may contain
conventional additives, including active-oxygen stabilisers
such as complexing agents selected from the group
comprising the phosphonic acid compounds, tin compounds and
pyridinecarboxylic acids or salts thereof or radical
scavengers, furthermore corrosion inhibitors, hardness
stabilisers, scale-preventing agents and surfactants, in

particular anionic and non-ionic surfactants. Furthermore,
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microbicides selected from classes of substances other than

active-oxygen compounds may additionally be present.

The disinfecting agents that can be obtained in accordance
with the invention are distinguished by their high
effectiveness in controlling micro-organisms from the group
comprising bacteria, viruses, moulds and algae. Already
within 30 seconds of addition of the disinfecting agent to
an aqueous system the bacterial count [KBE/ml] falls by 3
to 4 powers of ten. Such a high and, in particular, rapid
rate of kill 1is required in the case where a disinfecting
agent is employed in the swimming-pool domain, by reason of
statutory conditions that are imposed. Obviously a
disinfecting agent solution according to the invention
containing PFA and PAA, relative to the total content of
percarboxylic acid, acts better than a previously
conventional solution which contains only PAA by way of
percarboxylic acid. As is evident from Example E2 and
Comparative Examples CE2 and CEO, with the solution
according to the invention a more rapid and more complete
reduction in the bacterial count was achieved than with a
previously known solution containing only performic acid by
way of percarboxylic acid. This was surprising, because
the total content of percarboxylic acid in Example 2
amounted only to about 40 % of that of Comparative

Example 2. Although Example E2 contained more hydrogen
peroxide than Comparative Example CE2, it is known that

hydrogen peroxide acts bacteriostatically but barely acts
bactericidally.

The quantity of the disinfecting agent used conforms to the
designated purpose. Ordinarily 1 to 1,000 mg, in

particular 1 to 100 mg and, particularly preferred, 5 to

20 mg, of the disinfecting agent are employed per 1 of the
water to be treated.

The process according to the invention can be applied in

varying domains. By way of examples, mention may be made
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of: recirculated water and waste water from the food,
brewing and milk industries; recirculated water and waste
water of chemical processes in which problems may arise -
for instance, formation of slime and odour - without

5 disinfection and/or inhibition of the increase in bacteria;
water and slurries derived from petrochemistry as well as
municipal clarification plants; swimming-pool water. A
further application of the process according to the
invention lies in the domain of soil decontamination:

10 through addition of the disinfecting agent to the water of
an infiltration well, micro-organisms in the immediate
vicinity of the same are reduced; hence the biological
decomposition of the hydrogen peroxide which is present by
way of oxygen carrier is diminished and a greater range of

15 non-decomposed hydrogen peroxide in the soil is obtained.

Significant advantages of the process according to the
invention are the safe handling of the performic acid and
the rapid availability thereof from substances that are
easlly transported and easily stored. Sodium formate as a
20 source of formic acid is, in comparison with formic acids,

easler to transport, storable, odour-free and non-corrosive
on the skin.

The disinfecting effect can easily be controlled via the
quantity that is used of the source of formic acid and the

25 composition of the peracetic acid solution to be employed.
Advantageous furthermore is the rapid éffect and the high
rate of degermination. Solutions with a very low content
of acetic acid are distinguished by delayed bacterial
aftergrowth. The disinfecting agent according to the

30 1nvention 1is particularly suitable in those cases where
eXxcessive acidity is undesirable. The concentration of the
performic acid that is formed after production of the agent
according to the invention falls off again after a few
hours, whereas the effect of the peracetic acid which is

35 present 1n the agent is largely preserved. The agent 1is




10

15

20

25

CA 02266523 1999-03-22

10

therefore particularly suitable in those cases where an
intensified effect to begin with but, at the same time, a

more prolonged microbicidal effect is demanded.

Example 1 and Comparative Example 1

A disinfecting agent according to the invention was
produced by addition of 20 g formic acid (FA) to 980 g of
an equilibrium peracetic acid that contained 2 wt.-%
peracetic acid (PAA), 1 wt.-% acetic acid (AA) and 48 wt.-%
H,SOy4.

o\

hydrogen peroxide as well as 2 wt.-

After a standing time of only 2 hours this solution was
employed as a disinfecting agent in comparison with the
equllibrium peracetic acid for the treatment of swimming-

pool water; quantity used in each case: 10 mg disinfecting
agent per 1 water.

Pure cultures of the bacterial suspension to be tested were
added to a swimming-pool water under standardised
conditions, and a concentration of 107 to 10° KBE/ml was
adjusted. After addition of the disinfecting agent,
samples were taken after an exposure time of 10, 20 and 30
seconds and, after inactivation of the disinfecting agent,
the residual concentration-of the test bacteria was
determined in these samples and the disinfecting capacity
(KRy) was ascertained from this concentration. KRy = log
KBE (ko) — log KBE(p)y, where KBE (ko) 1is the number of KBE

per ml without action of a disinfecting agent and KBE(p 1is

that after action.
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Example 1 Comparative Example
1
Rate of degermination 22 - 30 seconds more than 60
seconds
Pseudomonas aernginosa {4 log orders 4 log orders
ATCI 15442
Escherichia coli 3 log orders 3 log orders

ATCI 11229

The disinfecting capacity demanded in accordance with DIN
19643 and in accordance with the recommendation of the BGA
(Bundesgesundheitsamt = German Federal Health Authority) is
therefore attained. A further advantage is that the use of
PAA alone would result in an excessive COD and would not
achieve the rate of degermination. PFA alone, on the other
hand, would not achieve the requirements as regards
standing time. Only the combination of the two ensures

that it 1is possible to get closer to all requirements.

Example 2 (E2) and Comparative Example 2 (CE2)

The biological effectiveness of a disinfecting agent
solution (E2) according to the invention containing
peracetic acid and performic acid was investigated in
comparison with a solution (CE2) containing exclusively
performic acid by way of percarboxylic acid. The

composition of the solutions is evident from the Table:
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E 2 CE 2

Production Mix a peracetic acid Mix 68 g of a 35 wt.-%
solution (= CE 0) H,O0, solution with 32
containing 2 wt.-% g formic acid (FA);
PAA, 48 wt.-% H50,, allow to stand for 4 h
1l wt.-% AA and 2 wt.-%

HoSOq4 with 3 wt.-%
HCOOH (FA) ; |
allow to stand for 4 h
Composition (in S
PFA 1.55 8.0

P 1.90 -~
FA 1.85 27.1

1.0

H,0, 45.1 19.6

The progression of the bacterial count of E. Cols K12 was
investigated with a dose of 50 ppm of the solution
according to E2, 50 ppm of the solution according to CE?2
and 50 ppm of the peracetic acid solution (=CE0) employed
for production of the solution according to E2. The effect

was ascertalined by means of a quick test of

bioluminescence.

The progression of the values for the luminescence (RLU

value) - a measure of the decrease in the bacterial count -

1s evident from the Table:
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E 2 CE 2

™
R
25 150
0 | 50

CE O

950

560

110

By employing the disinfecting agent according to the

invention the RLU value fell in 30 minutes to 0 (=E2),

whereas by employing the previously known performic acid

solution (=CE2Z2) a final value of 50 was attained and by

employing the peracetic acid solution (=CE0O) employed for

producing E2 a final value of 110 was attained.

Examples 3 and 4

The formation of performic

aclid was investigated after

addition of 1 wt.-% formic acid (=E3) or 1 wt.-% sodium

formate (Nafo)

active-oxygen content (% AO)

(=E4) to an equilibrium peracetic acid (E-
PAA 2) with a content of 2 wt.-% PAA, 1 wt.-% AA, 2 wt.-3%
HSO4 and 48 wt.-% Hy;0,; furthermore, the stability of the

aclds was 1investigated.

resulting from percarboxylic

The Table shows the results - % AO from peracids as a

function of_time.
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Table:

e | S
+ 1 3 FA + 1 % Nafo

0.42

.45

O

-

.92

.48

-

42 - 0.50 0.43

-

As a result of adding formic acid or sodium formate the
content of percarboxylic acid rises. The rate of formation
5 using sodium formate is lower, since as a result of this a
portion of the catalytically active sulfuric acid is
neutralised; for the same reason the stability is lower.

An 1mproved buffering is achieved.

Examples 5 and 6

10 Analogously to Examples 3 and 4 a 5 wt.-% equilibrium
peracetic acid solution (E-PAA 5) (5 % PAA, 7 % AA, 23 %
H,O, and 2 3% Hy;S0O4) was mixed with 1 wt.-% formic acid (FA)
(relative to the E-PAA) or 1 wt.-% sodium formate (Nafo).

The Table shows the formation and AO stability as a

15 function of time.
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The embodiments of the invention in which an exclusive

property or privileges 1s claimed are defined as follows:

1. A process for producing an aqueous disinfecting
composition containing peracetic acid and performic acid, the
process comprising:

adding a source of formic acid to an aqueous phase
containing hydrogen peroxide; and

allowing the mixture to stand for at least 1 minute to 5

hours prior to use;

wherein the source of formic acid is formic acid or a water-
soluble salt of formic écid, in a quantity from 0.1 to 1.0
mole formic acid or 0.1 to 1.0 equivalent of formate per kg of
the disinfecting composition to be produced, and wherein the
aqueous - phase containing hydrogen peroxide is an equilibrium
peracetic acid solution containing 20 to 60 wt. % hydrogen
peroxide, 0.5 to 6 wt. % peracetic acid, less than 10 wt. 2

acetic acid, and up to 3 wt. % of a mineral acid.

2. A process as defined in claim 1, wherein the content of
acetic acid in the aqueous phase containing hydrogen peroxide

1s less than 2 wt. %.

3. A process as defined in claim 1 or 2, wherein the source
of formic acid is an alkali-metal formate, and 0.1 to 0.8 m-
equivalent of formate is added per m-equivalent of mineral

acid that is present.

q . A process as defined in claim 3, wherein the alkali-metal

formate i1s sodium formate.

5. A process as defined in any one of claims 1 to 4, wherein

the mineral acid of the equilibrium peracetic acid solution is
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'sulfuric acid, phosphoric acid, pyrophosphoric acid or

polyphosphoric acid.

0. An aqueous disinfecting composition comprising: 0.1 to 3
wt. % performic acid, 0.1 to 5 wt. % peracetic acid, formic
acid and acetic acid in a total qgquantity of up to 10 wt. %,
hydrogen peroxide 1n a quantity from 20 to 50 wt. %, and a

O

mineral acid in a quantity of up to 3 wt. %.

7. An aqueous disinfecting composition as defined in claim
6, wherein the formic acid and acetic acid are present in a

o

total quantity of less than 2 wt. %.

8. An aqueous disinfecting composition as defined in claim 6

or 7, further comprising up to 1 wt. % sodium ions.

9. Use of an aqueous disinfecting composition as defined in
claim 6, 7 or 8, for controlling bacteria, viruses, molds or

algae 1n an aqueous environment or on a surface.

10. Use as defined in claim 9, wherein the composition 1is

used for disinfecting water in a swimming pool.
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