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Device and methed for reducing the hydrogen peroxide and

peracetic acid content in a water flow

1de which has a number of

3 - . . Tl Y
Paraceltic acid,
ey b T oty gy e e e e & o - - 1. 2 -
even at low concentrations of legs than opm, =xhibits a

broad biocidal activity againet bactervia, phyteplankion and
zooplankton, without registances ccourring. In contrast Lo
most other biocides, peracetic acid in dilute agueocus
olutions is rapidly degraded by hydrolvsis and
decomposition to substances which are no longer bioccidally
active. In contrast to ozone or chlorine dioxide, peracetic
acid can safely be transportsd and stored in the form of
equilibrium peracetic acid. A treatment of water streams

with peracetic acid, in contrast to chlorin

hypochlorite, does not lead, or leads only to a small
extent, to the formation of halcgenated organic compounds
and therefore does not lead to an increase in the AQX
content . Peracetic acid 18 therefcre suitable for the

wabter streams which are released into

H

biocidal treatment o

the surroundings in

w

large amount after the treatment,
such as, fov example, cooling water streams oY sawage
treatment plant dischavges and, in particular, ballast
water of ships. The treatment of ballast water with
peracetic acid in the SEDNAY method is approved by the
International Maritime Organization {(IMG) for the removal

of phytoplankton and zooplankton.

Although peracetic acid and the hydrogen peroxide that isg

present in equilibrium peracetic acid due to the production

process rvapidly degrade in the treated water, it can be
necegsary in some applications, in particular in the
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treatment of ballast water, to remove any residual amounts

of peracetlc acd 1 hydrogen perexide still
the Creatmer d water 13 rele

surroundings

¥ : >

For removing chloramines or bromamines from treated ball:

ol

water, WO $02/072478 proposed to add a reducing agent such
dium thicsulphate or sodium sulphite in a molar excess

o}
to the treated ballast water. In this method, however,

after reducing rhe chloramine or bromar

e Iintroduced into the treated water before it can

be released to the surroundings.

WO 2004/054932 proposes £o add a solution of sodium
(A

control this meterir

thiosulphate to th

via the redox pote ine-containing ballast
water ror removing electrolytically generated chlorine fromw

treated ballast water.

WO 2006/058261 and WO 2008/153808 propose to add a solution
of sodium sulphite to the ballast water and control this
metering via a sulphite analyser, which releases 20, by
acid addition and determineg this with a sensor, in such a

nannery that the treated ballast water containg ex

P!

[T
-

sodium sulphite for rewmoving electrolytfically genevated

hypochlorite from treated ballast water.

£ 2010/072144 proposes to add a solution of sodium

sulphite to the ballast water andé control this meteving via
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measurement of the redox potential in th
after additicon of the godium sulphite sclution in
manner that the redox pot@ﬁtial is in the range from 200 to
500 mV for removing hvpochlorite from treated bhallast

water

us 7,776,224 proposes bto measure the concentration of
hydrogen peroxide in the ballast water and add a reducing

5 -

he basis of the measured value for removing

[y

agent on
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hydrogen peroxide from treated ballast water. It is further

r ]
proposed te check after addition of the reducing agent with

a hydrogen rtometer oy meas the
redox potenti reacted hydrogen peroxids is

EF 1 671 32 proposes to add one of the gubstances iron(Il)
sulphate, iodide or catalase with the oxidizing agent for a
treatment of ballast water with hydrogen peroxide ox

eguilibrium peracetic acid, in order to achieve

decomposgition of hydrogen peroxide during the ballast watery

Treatment .

Howevery, there ig still a need for a device and a method
that allows to reduce the content of hydrogen peroxide and
peracetic acid in a water stream as required and with which
the water stream, after removal of hydrogen peroxide and
peracetic acid, contains no substances hazardous to water.
The inventors of the present invention have established
that the method known from US 2010/072144 for removing
hypochlorite is not suitable for removal of hydlog@ﬂ

redox

peroxide from a water stream, since, by measuring

otential in the water after addition of a reduci agernt,
: g

z'a i
it cannot be reliably established that the water doss not

contain either unreacted hydrogen peroxide or excess

a

reducing agent. Also, the method known from WO 2004/054632
for removing chlorine is not guitable for removing
peracetic acild end hydrogen peroxide from a water sty
since the amount of reducing agent which would be required
for removing peracetic acid and hydrogen peroxide cannct be
caloulated in advance from the redox potential of a water

stream containing peracetic aclid and hydrogen peroxide.

The inventors of the present invention have therefore

developed a device and a method by means of which the
contents of hydrogen peroxide and peracetic acid can be

reliably reduced in a watsy stream,



The invention relates to a device for reducing the content
of hydrogen peroxide and peracetic acid in a water stream
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(i), compriging a firvst measuring device (2} for

oo

(u
-
-
-
=
ot
Al
ot
5]
G
]
o
e
v
i

determining the water stream, a

5 measuring ges

&

rthe concentravion of

hydrogen percxide in the water stream, & third measuring

Cl

device (4] for determining the concentration of peracetic
acid in the water stream, a metering device (5) for
metering a reducing agent into the water stream downstream

10 of the seceond and third measuring devic and a control

, frowm the flow rate of the water stream,

the concentration of hydrogen percoxide in the water stream,

and the concentration of peracetic acid in the watberp

stream, calculates an amount of reducing agent for reducing

fud
[$

the content of hydrogen peroxide and peracetic acid to a
desired value and actuates the metering device for metering

the reducing agent

The i1nvention additionally relates to a method for reducing
the content of hydrogen peroxide and peracetic aclid in a

20 water stream, comprising meterving a liguid reducing agent
into the water stream using a device according to the
invention. The water stream is preferably withdrawn from

ballagt watery tanks (10) of a shin.

Fig. 1 shows a device accor invention in an

il

embodiment having an additional measuring device (7) for

[

determining the salinity and an arvangement of the second

annd the third measuring dev 2 slde gtream (9.

The device according to the invention compriges a first

o
measuring device (2) forx determining the flow rate of the

50

water gtream (1). For thies purpose, meaguring devices which
which determine a mass flow rate as well ag measuring
devices which determine a volumetric flow rate are both
suitable. For the device according to the invention, all
known from the prior art for determining

Tes
flow rate of a water stream may be uged such as, for

}._z
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Preferably, a mass flow meter ig used for determining the
£

“low rate of the water stream in order to detrermine the

stream reliably even for water

gstreams having different salt contents.

The device according to the invention additicnally

comprises a second measuring device {3) for determining the
concentration of hydrogen peroxide the water gtream (1).
Suiltable meagu

prior art with

may be determined in water and which do not exhibit, or
exiiibit only to a slight extent, a crosg-gensitivity to

peracetic acid. Sul suring devices are
example, those which determine the concentration of
hydrogen peroxide colovimetrically and use a colour

reaction specific for hydrogen peroxide such as, for

example, the reaction of hydrogen peroxide with titanyl
sulphate, forming a soluble titanium{IV} peroxo complex.
Preferably, an amperometric gensor ls used for determining
the concentration of hydrogen peroxide, particularly
preferably an amperomefric gensor ab which an oxidation of
nydrogen peroxide proceeds according to the reachion
equation

H,0, —~ O, + 2 H + 2 e
Sultable ampervometyric senszors for hydrogen peroxide that do
not exhibif cross-sensitivity €0 peracetic acid are
commercially available, for example from ProMinent® under

the name DULCOTEE

The responsge time of these

sensors can be adapted by the manufacturer by exchangin

the membrane which covers the te the rate of change

of the hydrogen peroxide concentration in the water stream

that is to be tresated

nvention further comp

d

The device according to the
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third measuring device (4} fory determining the
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concentration of peracetic acid in the water stream (1)
Suitable measuring devices are all those known from the

pricr art with which the concentration of peracetic acid

may be determined in water and which do not show, or show

crily Lo a minor extent, a crogs to hyvdrogen
peroxide. Suitable measuring devices are, for example,
those which determine the concentration of peracetic acid

colorimetrically and use a coloury reaction specific to
peracetic acid, such as, for sexampl the reaction of

oline-

peracetic acid with 2,2-azincbhiz (3

nmonlim salt soluble

t-sulphonic acid) dia

dye. Preferably, an amperometric geng 18 used for
determining the concentration of peracetic acid,
particularly preferably an amperometric sensor at which a
reduction of peracetic acld proceeds according to the

reactlon eguation

CHL,COOOH + 2 HY + 2 & . CFE.CO0H + H.O.
Suitable amperometric sensors for peracetic acid which show
a sufficiently low crosg-sengitivity te hydrogen peroxide
are commercially available, for example from ProMinentc®
under the name DULCOTESTY PAA. The responze time of these
sensors can be adapted by the manufactuver, by exchanging

the membrane which covers the sensor, to the rate of change

of peracetic acid concentration in the water stream that is
Lo be treated. Amperometric sengors that are likewise
suitable are commercially available awmperomstric sensors
for determining the total chlovine content, for example the

1

sensors marketed by ProMinen under the name DULCOTESTY

m
|

TE-1. Since, due to the rapid reaction of chleorine and

hypochlorite with hydrogen peroxide, a water stream

e

contalning hydrogen peroxide can contain only small amounts

chlorine and hypochlorite, and the amperometric sensors

for determining the total chlorine conter

o determines

peracetic acid with low crosg-sensitivity to hydrogen

peroxide, the content of peracetic acid can also be
ned

rejiably determi in the stream using such senso
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The use of amperometfic

-

concentrations of dz

Iinstead of twoe separate measuring devicez for determining
the concentrations of hydrogsn peroxide and peracetic acid,
it ig also possible to use one meaguring device, which

determines both the concentrabio syroxwide and

.

the concentration of peracet

o the invantion. One example of such a2 measurine
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device ig an automated Citration with seguantial cerimetric

[

determination of LChe hydrogen peroxide concentration and
iodometric determination of the peracetic acid

concentratlon.

The measuring devices for determining the concentrations of

hydrogen peroxide and peracetic acid are prefervably

o

g

arranged 1in a side gtream (9} of rthe water stream in order
to aveid damage to the measuring devices by solids carried

by the water stream. For the same purpcss, preferably a

arranged in the side stream upstream of the

measuring devices.

The device according to the invention additionally

comprises a metering device (5] for metering a rveducing

agent into the warer stream (1) downstream of

and third measuring devices. Sultable metaring

thogss for continuous or lntermittent mete

agent, which reducing agent is preferably gaseous or

e}

liguid, and particularly preferably liguid. >rably, the
metering device comprises a storage vessel (87 and a

controllable metering pump

agent ,
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positive-digplacement metering pump such as, for example,
diaphragm pump, geay pump oY piston pump which makes
possible setting a calculated volumetvic flow rate for

ering liguid reducing agent.

The device according to the invention furthey comprises a

control device (6] which calculates an amount of reducing

agent for reducing the ~roxide and
peracetlc acid tce a desired value from the flow rate of th
water stream (1), fhe concentration of hydrogen peroxide i
the water et

the water tuates the metering device (%) for

jent . The control device can be
designed ag a harvd-wired controller or as a calculation an

rol program on a process control computer.

calculation of the amount of reducing agent frc
rate of the water stream, the concentration cf hydrogen
percoxide in the water stream and the concentration of

peracetic acid in the water stream can proceed using

+

empirical conversion factors determined by experiments or,
preferably, using conversion factors calculated from the
stoichiometyry of the reduction reaction. For salt-free
water gthreams and a reduction using an aguecus scolution of
sodium sulphite, the conversion factors can be calculated
on the basis of the resaction equations (IV and (II1},

(L) HoCp + Na:S0; - HyO + Na,38C,

(TT} CH,COOOH + Na;S0: - CH;COOH + Na-S0,

For liguid reducing agents which are metered via a

pogitive-digplacement metering pump, the volumet
rate Lo be set at the metering pump can be calculated
directly from the calculated amount of reducing agent and

the metering pumg actuated accordingly.

In & preferred embodiment, the device according to

invention comprises an additional measuring device (7)) for
determining the salinity in the water atream {(1). The

y

expression salinity here designates the dimensionless

1C acid iz

e
I

3
Il

o}



galinity S5 on the Practical Salinity Scale 1%78. The
salinity can be determined con the hasis of density
measurements, and preferably on the basgsis of the =lectrical
conductivity using a conductivity senscr. In this

5 embodiment, the amount of reducing agent is calculated by
the control device with the salinity. Prefevably, here, the
amount of reducing agent calculated for a zgalt-freese water
stream is corrected by a correction factor for the gsalinity
determined by experiments. For sali-containing watexr

10 streams and a reduction with an aguecus aclution of sodium
sulphite, preferably the awmount of yeducing agent

calculated for a salt-fLree water stream ia increased by a

inity. Taking into account

n
o8
'..._J

fraction proporticnal to the g
the salinity in metering the reducing agent makes possible

reliable reduction cf the content of hydrogen percxide and

bt
{931

peracetic acid fo below predetermined limits even for a
variable gsalt content of the water stream, without

overdoging of reducing agent occurring.

In the method according to the invention for reducing the
20 content of hydrogen peroxide and peracetic acid in a water
stream, a liguid reducing agent is meterad into the water
stream (1) by a device according to the invention. The
water stream 1is preferably a water stream treated by adding

equilibrium peracetic acid as biccide, in particular a

25 cooling water stream, o©or a sewage Lreatment plant
discharge, and wmost preferably, a water stream which i=

withdrawn from ballast water tanks (10} of a ship.

In the method according to the invention, preferably, an
aquecus solution of sodium sulphite ig used as liquid

30 reducing agent .

The method according to the invention makes possible a
ction of the content of hydrogen peroxide and
cetic acid in a water stream below predetermined
limiting values, wherein, by using sodium sulphite as

after the treartment nc
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onger has properties impairing the water guality. This

vt

wakes 1t possible to discharge a ballast water treated with
egquillbrium peracetic acid for destroying phytoplankton and
zoopliankton into bodies of water guch as, for example,
constricrted oort basing in which the ballast water is

diluted only poorly, without impairing the
s o g
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the body of water.

Examples:

For the working exemples embodiments, water which had been
taken from a drinking wateyr supply network was treated with
80 ppm eguilibrium peracetic acid that contained 14.4% by
welght peracetic acid and 13.5% by weight hydrogen
peroxide. After the treatment with sequilibrium peracetic
acid, the water contained 11.9% ppm peracetic acld and

13.3 ppm hydrogen peroxide on a weight bagig.

To a stream of the water that had been treated with
equilibrium peracetic acid, an agueocus scolution of sodium
sulphite was metered continucusly in a device according to
the invention as per Figure 1. The concentrations of
hydrogen peroxide and peracetic acid were determined here
uging amperometric sensors from ProMinent®. In Example 1,
1.03 times the stoichiometric amount of sodium sulphite,
calculated according to reaction eguations (1) and (II}
from the concentrations of hydrogen peroxide and peracetic
acid and the flow rate of water, wasg metered. In Example 2,
1.21 times the calculated stoichliometric amount of sodium

sulphite was mebtered.

In Example 1, the water contained 0.1 ppm peracetic acid
and 1.0 ppm hydrogen peroxide, on a weight basis, after

metering sodium sulphite. In Example 2, the water contained

Tl

0.2 ppm peracetic acid and 0.1 ppm hydrogen peroxide, on a

b

welght basis, after the metering of sodium sulphit
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For the water treated with eguilibrium peracetic acid and
the water streams obtained in Examples 1 and 2, the

inhibition of algal growth and the acute immobilization of

daphnia were determined in accordance with OECD guidelines

201 and 202 for the tegting of chemica

The water treated with eguilibrium peracetic acid caused,
a o

undiluted, complete inhibition of the a

]
[
&0
o
0]
P
Q

Desmodesmus subspicarus with an ECs, value of 46% for the

Q

inhibition of the growth rate and 25% for the inhibition of

the vield. In contrast, the water stream cobtained in

Example 1 caused, undiluted, only a statisticalls

g

insignificant inhibition of the growth rate of 5%. The
water stream obtalned in Example 2 caused, undiluted, an

inhibition of the growth rate of 13%.

The water treated with eguilibrium peracetic acid caused,
undiluted, complete immobilization of Daphnia magna with an
EC.y value of 12%. In contrast, the water streams obtained
in Examples 1 and Z caused, even undiluted, no
immobilization and displayved no recognizable effect on

daphnia.

The examples show that, with the device according to the
invention and the method according to the invention, the
contents of hydrogen peroxide and peracetic acld wmay be
rellably reduced in a water stream containing hydrogen
peroxide and peracetic acid in such a manner that upon
introduction into bodies of water the wateyr stream has no

harmful effects on water organlsms,

List of reference numerals:
{

[

)} watber stream

——
[

measuring device for determining the flow rate

measuring device for determining the concentration of

(¥
i

hydrogen peroxide
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measuring device for determining the

concentration
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Claims:

28]

1

Device for reducing the content of hydrogen peroxide
and peracetic acid in a water styream (1), comprising
I

a first measuring device

ate of the water stream,

a second measuring device (3] for determining the
concentration of hydrogen peroxide in the water
stream,

a third measuring device
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concentration of pe

vtic acid in the water sty
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a metering device (5] for metering a reducing agent

0

into the water stream downstyeam of the second and
third measuring devices and

a control device (6] which, from the flow rate of the
water stream, the concentration of hydrogen peroxide
in the water stream, and the cencentration of
peracetic acid in the water stream, calculates an
amount of reducing agent for reducing the content of

hyvdrogen percoxide and peracetic acid to a degired

value and actuates the metering device for metering

the reducing agent.

Device according to Claim 1,

characterized in that

the measuring device for determining the concentration
of hydrogen peroxide in the water atream comprizes an

amperometric Sensor.

. Device according to Claim 1 or 2,

characterized in that
the measuring device for determining the concentration
of peracetic acid in the water stream comprises an

amperometyld Sensor.

Device according to any one of Claims 1 to 3,

t k.
@

racrerized in that

0
4

it comprises an additional measuring device (70 f
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determining the salinity in the water stream and the
control device calculates the amount of reducing agent

with the salinity.

Device according o Claim 4,
charvacterized 1n that
the measuring device for determining the salinity

comprises a conductivity sengor.

Device according to any one of Claimg 1 £o &5,

ot

characterized in tha

¥

the metering device for metering a reducing agent
comprises a storage vessel (8) and a controllable

metering pump (5} for liguid reducing agent.

M

Device according to any one of Claims 1 to &,
characterized in that
the second and third measuring devices are arranged in

a aide stream (8) of the water stream.

Method for reducing the content of hydrogen peroxide
and peracetic acid in a watey stream, comprising
metering a liguid reducing agent into the water stream

using a device according to any one of Claims 1 to 7.

Method according to Claim 8, characterized in that the
water stream 1s withdrawn from ballast watesr tanks

(10) of a ship.

Method acoording to Claim 8 or 9,

charvacterized in that the ligquid reducing agent 1s an

§

agquecus solution of sodium sulphite.



