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(57) Abrége/Abstract:

The invention relates to a method for producing peracetic acid by continuously feeding hydrogen peroxide and acetic acid to an
agueous reaction medium In a reactor, reacting said hydrogen peroxide and acetic acid in the reaction medium to peracetic acid
and continuously distilling off said peracetic acid, wherein the feed of acetic acid Is regulated based on a set value for the

temperature of the reaction medium.
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ABSTRACT
The invention relates to a method for producing peracetic acid by continuously feeding
hydrogen peroxide and acetic acid to an aqueous reaction medium in a reactor, reacting
said hydrogen peroxide and acetic acid in the reaction medium to peracetic acid and

continuously distilling off said peracetic acid, wherein the feed of acetic acid is regulated

based on a set value for the temperature of the reaction medium.
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METHOD FOR PRODUCING PERACETIC ACID

The present invention relates to a method for producing peracetic acid by react-
ing hydrogen peroxide and acetic acid in an aqueous reaction medium, from which per-
acetic acid is continuously distilled off.

Peracetic acid in aqueous solution can be used as disinfectant or for bleaching
various materials and is especially suited for environment-friendly bleaching of cellulose
pulp.

Peracetic acid can be produced by reacting hydrogen peroxide and acetic
acid in an aqueous reaction medium and distilling off peracetic acid, which is described in
US 3264346. This process has later been considerably improved and made suitable for
commercial use by the invention described in EP 789016. However, there is still need for
further improvements to increase the production capacity anc;i/or the purity of the product.
Further, it is difficult to control the process and maintain optimal reaction conditions.

The main impurity in the peracetic acid product is acetic acid. By maintaining a
comparatively low concentration of acetic acid in the reaction medium it has been found
possible to minimise this impurity, without adversely affecting the production rate. Low
concentration of acetic acid also enables higher production capacity since the distillation
can be performed with lower reflux ratio. In any event, it is desirable to avoid large varia-

tions in the concentration of acetic acid in the reaction medium.
Peracetic acid decomposes easily to acetic acid and oxygen, and sometimes

this occurs in the distillation column resulting in increasing acetic acid concentration in

the reaction medium. Therefore, it is extremely difficult to maintain steady state condi-

tions in the reaction medium.
It has now surprisingly been found possible to control the concentration of acetic

acid by maintaining the temperature substantially constant and regulating the feed of

acetic acid based on the temperature.
Thus, the invention concerns a method for producing peracetic acid by continu-

ously feeding hydrogen peroxide and acetic acid to an aqueous reaction medium in a
reactor, reacting said hydrogen peroxide and acetic acid in the reaction medium to yield
peracetic acid and continuously distilling off said peracetic acid. The feed of acetic acid is
regulated based on a set value for the temperature of the reaction medium. Suitably, the
concentration of acetic acid in the reaction medium is maintained from about 0.5 to about
8 wt%, preferably from about 2 to about 4 wt%, while the concentration of hydrogen
peroxide suitably is maintained from about 10 to about 35 wt%, preferably from about 20
to about 30 wt%. Preferably, the molar ratio of hydrogen peroxide to acetic acid in the

reaction medium is from about 5:1 to about 35:1, most preferably from 8:1 to about 15:1.
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2
The suitable set value for the temperature normally corresponds to the bubble point and

depends on the exact composition of the reaction medium as well as the pressure.
Suitably, a set value from about'40 to about 70°C, preferably from about 50 to about
60°C is used.

Normally the reaction medium also contains peracetic acid, preferably in an
amount from about 0.5 to about 8 wt%, most preferably from about 2 to about 4 wt%. In
order to increase the production rate the concentration thereof is preferably maintained
below the equilibrium concentration.

The distillation is suitably operated to obtain as a product an aqueous solution
containing peracetic acid and less than about 10 wt%, preferably less than 5 wt%, most
preferably less than about 2 wt% acetic acid. Further, the product is preferably
substantially free from hydrogen peroxide and mineral acid. This can normally be
achieved if the distillation is operated with a suitable reflux ratio, defined as reflux mass
flow to product mass flow, from about 0.3:1 to about 2:1, preferably from about 0.3:1 to
about 1.5:1.

Suitably, thermal energy is supplied to the reaction medium in an amount ex-
ceeding about 0.2 kW/kg reaction medium, preferably in an amount from about 0.5 to
about 5 kW/kg, most preferably from about 0.8 to about 5 kW/kg, particularly most pref-
erably from about 1 to about 3 kW/kg.

Suitably, the reaction medium also contains an acid catalyst, preferably one or
more mineral acids in an amount from about 10 to about 25 wt%, most preferably from
about 15 to about 20 wt%. Examples of usable mineral acids are sulphuric acid and
phosphoric acid. In order to reduce the decomposition of peracetic acid and/or hydrogen
peroxide, the reaction medium suitably also contains one or more stabilisers such as
phosphonic acids or salts thereof and/or dipicolinic acid or derivatives thereof. Usable
phosphonic acids include e.g. 1-hydroxyethylidene-1,1-diphosphonic aciq, 1-amino-
ethane-1,1-diphosphonic acid, aminotri-(methylene phosphonic acid), ethy'lenediamine-
tetra(methylene phosphonic acid), hexamethylenediamine-tetra(methylene phosphonic
acid), diethylenetriamine-penta(methylene phosphonic acid), diethylenetriamine-
hexa(methylene phosphonic acid), dimethylamino methanediphosphonic acid, aminoace-
tic acid-N,N-dimethylene phosphonic .acid, 3-aminopropane-1-hydroxy-1,1-diphosphonic
acid, 2-phosphonobutane-1,2,4-tricarboxylic acid, phosphonosuccinic acid, 1-phosphono-
-1-methylsuccinic acid and 1-amino-phenylmethane diphosphonic acid.

The invention will now be described in more detail with reference to the accom-

panying Figure, which schematically illustrates a process for producing peracetic acid.
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However, the invention is not restricted to the embodiment shown, but only by the scope

of the claims.
A reactor 1 connected to a distillation column 4 holds a reaction medium made

up of an aqueous solution containing hydrogen peroxide (H,O,), acetic acid (HAc),
peracetic acid (PAA), a mineral acid such as sulphuric acid, and a stabiliser such as a
phosphonic acid. The reactor 1 is continuously supplied with aqueous solutions of hydro-
gen peroxide from a tank 2 and acetic acid from a tank 3 via feed pumps 16, 17. The
temperature of the reaction medium in the reactor 1 is measured with means therefore
15 and the feed pump 17 for acetic acid is regulated based on said temperature. The
feed rate of hydrogen peroxide is preferably regulated based on the volume of the reac-
tion medium in the reactor 1 but may also be maintained substantially constant. De-
pending on the concentrations of the other feed streams it is also possible to supply fresh
water to the reactor (not shown). A subatmospheric pressure and a temperature suffi-
cient for peracetic acid and water to be withdrawn through the distillation column 4 prevalil
in the rea‘ctor 1, which normally implies that the reaction medium is boiling. Preferably the ‘
pressure in the reactor 1 is maintained substantially constant and is suitably within the
range from about 40 to about 250 mbar, preferably from about 60 to about 150 mbar.

The temperature in the reactor 1 is maintained at the bubble point, which de-
pends on the pressure and the exact composition of the reaction medium. In order to
optimise the production of high quality peracetic acid, it is preferred to keep both the
pressure and the composition substantially constant, although it is difficult to avoid that
peracetic acid may decompose to acetic acid in the distillation column 4 or in the reactor
1. However, this causes a decrease in the bubble point and thereby also the temperature
of the reaction medium thét is measured with the means15 therefore. A signal is then
sent to the feed pump 17 to decrease the supply of acetic acid so acetic acid in the reac-
tion medium is brought down to the desired level again, which is indicated by the tem-
perature. The transformation of temperature to acetic acid feed rate can be accom-
plished with any kind of commercially available control system. It has surprisingly been
found that this procedure works out well in spite of having such a complex reaction me-

dium containing more than two components.
Sufficient thermal energy is supplied to the reactor 1 by circulating the reaction

medium with the aid of a pump 5 in a loop 6 through a heat exchanger 7, where It is
heated by means of a heat source 9 such as hot water, before being recycled to the re-
actor 1 through an inlet 8. Suitably, the static height of the liquid ana thereby the pres-
sure is sufficiently high so no boiling takes place in the loop 6 until heated reaction me-

dium has entered the reactor 1 through the inlet 8, in spite of the temperature increase
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which suitably is less than about 30°C, preferably less than about 20°C, most preferably

less than about 15°C. The temperature of the reaction medium immediately after heating
is preferably from about 5§ to about 15°C higher than in the reactor 1, most preferably
from about 8 to about 12°C higher than in the reactor 1. Preferably, the temperature of
the heated reaction medium in the circulation loop 6 does not exceed about 80°C, most
preferred not about 70°C. Preferably, the reaction medium in the reactor 1 is circulated
through the loop 6 from about 30 to about 200 times per hour, most preferably from
about 70 to about 150 times per hour through the circulation loop 6 and the heat ex-
changer 7. This makes it possible to supply great amounts of thermal energy to the re-
actor 1 without unacceptable decomposition of peracetic acid or hydrogen peroxide.

In the distillation column 4, the peracetic acid is separated from the other com-
ponents in the reaction medium, and an aqueous solution of from about 20 to about 60
wt%, preferably from about 30 to about 50 wt% peracetic acid suitably containing less
than about 10 wt%, preferably less than about 5 wt%, most preferably less than about 2
wt% of acetic acid and most preferably being substantially free from hydrogen peroxide
and mineral acid, is caused to condense in a condenser 11. Part of the condensate x is
conducted to a product tank 12 while the remainder y is recycled to the distillation column
4 to form a reflux flow. In order to obtain a sufficiently pure product it is normally suitable
to operate with a reflux ratio y/x based on mass flow from about 0.3:1 to about 2:1,
preferably from about 0.3:1 to about 1.5:1. A vacuum source 13 is connected to the con-
denser such that a suitable pressure prevails in the column 4 and the reactor 1. To the
top of the distillation column 4 a stabiliser can be supplied, for instance one of the above-
mentioned phosphonic acids or a salt thereof, wherein part of the stabiliser normally ac-
companies the product to the tank 12 while the remainder is conveyed downwards with
the reflux flow and distributed in the column 4 and the reactor 1.

The process equipment, such as reactor, distillation column, piping, heat ex-
changers, tanks, etc., are suitably made of a corrosion-proof material such as aluminium
or stainless steel. for instance SS 2343, 2353, 2304, 2305, 254 SMO or Hasteloy™.
Other usable materials are tantalum, glass or vitreous enamel, impregnated graphite,
fluoroplastics, such as PTFE, PVDF, PFA or FEP, fluoroplastic-coated materials, poly-

ethylene, polypropylene, siliceous carbide or ceramic materials.
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CLAIMS:

1. A method for producing peracetic acid by continuously feeding hydrogen
peroxide and acetic acid to an aqueous reaction medium in a reactor, reacting said
hydrogen peroxide and acetic acid in the reaction medium to yield peracetic acid
and continuously distilling off said peracetic acid, characterized in that the feed of
acetic acid 1s regulated based on a set value for the temperature of the reaction
medium.

2. A method as claimed 1n claim 1, characterized in that the concentration of
acetic acid 1in the reaction medium 1s maintained from 0.5 to 8 wt%.

3. A method as claimed 1n claim 1 or 2, characterized in that the set value for
the temperature of the reaction medium 1s from 40 to 70°C.

4. A method as claimed 1n any one of claims 1-3, characterized in that the

concentration of hydrogen peroxide 1n the reaction medium 1s maintained from 10
to 35 wt%.

5. A method as claimed 1n any one of claims 1-4, characterized in that the
molar ratio of hydrogen peroxide to acetic acid in the reaction medium is
maintained from 5:1 to 35:1.

6. A method as claimed in any one of claims 1-5, characterized in that the
reaction medium further contains a mineral acid.

7. A method as claimed in claim 6, characterized in that the mineral acid is
sulfuric acid.

8. A method as claimed 1n any one of claims 1-7, characterized in that the
pressure 1n the reactor 1s maintained from 40 to 250 mbar.

9. A method as claimed 1n any one of claims 1-8, characterized in that the
distillation 1s operated with a reflux ratio, defined as reflux mass flow to product
mass flow, from 0.3:1 to 1.5:1.
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10. A method as claimed in any one of claims 1-9, characterized in that the
distillation 1s operated to obtain as a product an aqueous solution containing
peracetic acid and less than 5 wt% of acetic acid.
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