(19 DANMARK (10 DK/EP 3807221 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: CO02F 1/50(2006.01) CO02F 1/00(2006.01) CO02F 1/76 (2006.01)
C 02 F 103/02 (2006.01) C 02 F 103/28 (2006.01) C 02 F 103/32 (2006.01)

(45) Overseettelsen bekendtgjort den: 2023-05-22

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2023-02-15

(86) Europaeisk ansggning nr.: 19820153.5

(86) Europaeisk indleveringsdag: 2019-06-03

(87) Den europeeiske ansggnings publiceringsdag: 2021-04-21
(86) International anseggning nr.: 1L2019050631

(87) Internationalt publikationsnr.: W02019239401

(30) Prioritet: 2018-06-13 US 201862684305 P

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: A.Y. LABORATORIES LTD., 8 Beery Street, 6468208 Tel Aviv, Israel
(72) Opfinder: BARAK, Ayala, 8 Beeri Street, 6468208 Tel Aviv, Israel

(74) Fuldmaegtig i Danmark: Novagraaf Brevets, Batiment 02, 2 rue Sarah Bernhardt CS90017, F-92665 Asniéres-sur-
Seine cedex, Frankrig

(54) Benaevnelse: SYSTEM OG FREMGANGSMADE TIL OVERVAGNING AF PROCESVAND, DER BEHANDLES MED
ET BIOCID, VED HJALP AF EN OXYGENSENSOR

(56) Fremdragne publikationer:
US-A- 5 224 051
US-A- 6 132 628
US-A1- 2010 078 393
US-A1-2015014 165
US-A1- 2015 125 347
US-A1- 2015 203 308
US-A1- 2015 351 389
US-A1- 2015 367 315
US-B2- 8 012 758
US-B2- 8 444 858



DK/EP 3807221 T3



DK/EP 3807221 T3

DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a method for monitoring process water treated with a
biocide using an oxygen sensor.

BACKGROUND OF THE INVENTION

[0002] Various techniques are known for monitoring process water.

SUMMARY OF THE INVENTION

[0003] The present invention seeks to provide a method for monitoring process water being
treated by a biocide.

[0004] There is thus provided in accordance with an embodiment (not claimed) a system for
feeding an oxidizing biocide to process water and monitoring the process water for potential
degradation of the biocide thereby forming, as a result of such degradation, an active halogen
compound, the system including: a biocide feeding conduit for feeding the biocide to the
process water at a biocide inlet; and a degradation detection module including a dissolved
oxygen sensor downstream of the biocide inlet.

[0005] In accordance with an embodiment, the process water is in a cooling tower. In
accordance with an alternative preferred embodiment of the present invention, the process
water is in a paper mill. The process water in the paper mill preferably contains starch. In
accordance with a further preferred embodiment of the present invention, the process water is
in a sugar production facility.

[0006] In accordance with an embodiment the system further includes a biocide production
system for producing the oxidizing biocide synchronously with the feeding. Preferably, the
biocide production system produces the oxidizing biocide by mixing a hypochlorite oxidant and
an ammonium salt. In a preferred embodiment, the ammonium salt is selected from
ammonium carbamate, ammonium carbonate, ammonium bicarbonate, ammonium bromide,
ammonium chloride, ammonium sulfate, ammonium sulfamate and ammonium hydroxide.
Preferably, the ammonium salt is selected from ammonium carbamate, ammonium bromide
and ammonium sulfate.

[0007] In accordance with an embodiment the dissolved oxygen sensor is a luminescence
based dissolved oxygen sensor. Preferably, the system further includes a controller that
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records measurements of the dissolved oxygen sensor. In accordance with an embodiment the
controller includes a display to display a warning based on the measurements of the dissolved
oxygen sensor. Preferably, the controller includes a functionality for sending a warning to a
remote location.

[0008] In accordance with an embodiment the controller, when operating in a background
mode, generates a baseline value for the dissolved oxygen level. Preferably, the controller
raises a warning if the dissolved oxygen level deviates from the baseline value more than a
preset threshold. In accordance with a preferred embodiment of the present invention, the
controller, when operating in a feeding mode, raises a warning if there is a decrease in the
dissolved oxygen level during feeding of the biocide or during an extended measurement
period immediately following the feeding of the biocide. Preferably, the extended measurement
period is 30 minutes, 20 minutes or 10 minutes.

[0009] In accordance with an embodiment the controller is in communication with a biocide
production system for producing the oxidizing biocide synchronously with the feeding.
Preferably, the controller has functionality to control the biocide production system.

[0010] In accordance with a preferred embodiment of the present invention, the time for the
process water to flow from the biocide inlet to the dissolved oxygen sensor is not more than 30
minutes, preferably not more than 20 minutes, more preferably not more than 10 minutes. In
accordance with a preferred embodiment of the present invention, the active halogen
compound is selected from the group consisting of HOCI, HOBr, NHCI; and NH5Br. Preferably,

the dissolved oxygen sensor is located in the flow of the process water.

[0011] There is also provided in accordance with the present invention, in a process of feeding
an oxidizing biocide to process water, a method for monitoring potential degradation of the
biocide thereby forming, as a result of such degradation, an active halogen compound, the
method including: providing a dissolved oxygen sensor in the flow of said process water
downstream from a biocide inlet; and periodically measuring the level of dissolved oxygen in
the process water, wherein the time for said process water to flow form said biocide inlet to
said dissolved oxygen sensor is not more than 30 minutes.

[0012] In accordance with a preferred embodiment of the present invention, the process water
is in a cooling tower. In accordance with a further preferred embodiment of the present
invention, the process water is in a paper mill. Preferably, the process water in the paper mill
contains starch. In accordance with an alternative preferred embodiment of the present
invention, the process water is in a sugar production facility.

[0013] In accordance with a preferred embodiment of the present invention, the method
further includes producing the oxidizing biocide synchronously with feeding the oxidizing
biocide to the process water. Preferably, the producing includes producing the oxidizing biocide
by mixing a hypochlorite oxidant and an ammonium salt. In accordance with a preferred
embodiment of the present invention, the ammonium salt is selected from ammonium
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carbamate, ammonium carbonate, ammonium bicarbonate, ammonium bromide, ammonium
chloride, ammonium sulfate, ammonium sulfamate and ammonium hydroxide. Preferably, the
ammonium salt is selected from ammonium carbamate, ammonium bromide and ammonium
sulfate.

[0014] In accordance with a preferred embodiment of the present invention, the dissolved
oxygen sensor is a luminescence based dissolved oxygen sensor. Preferably, the method
further includes communicating the level of dissolved oxygen to a controller. In accordance
with a preferred embodiment of the present invention, the controller includes a display to
display a warning based on the measurements of the dissolved oxygen sensor. Preferably, the
controller includes a functionality for sending a warning to a remote location.

[0015] In accordance with a preferred embodiment of the present invention, the controller,
when operating in a background mode, generates a baseline value for the dissolved oxygen
level. Preferably, the controller raises a warning if the dissolved oxygen level deviates from the
baseline value more than a preset threshold. In accordance with a preferred embodiment of
the present invention, the controller, when operating in a feeding mode, raises a warning if
there is a decrease in the dissolved oxygen level during the feeding or during an extended
measurement period following the feeding. Preferably, the extended measurement period is 30
minutes, 20 minutes or 10 minutes.

[0016] In accordance with a preferred embodiment of the present invention, the controller is in
communication with a biocide production system for producing the oxidizing biocide
synchronously with the feeding. Preferably, the controller has functionality to control the biocide
production system.

[0017] In accordance with a preferred embodiment of the present invention, the time for the
process water to flow from the biocide inlet to the dissolved oxygen sensor is not more than 20
minutes, most preferably not more than 10 minutes. In accordance with a preferred
embodiment of the present invention, the active halogen compound is selected from the group
consisting of HOCI, HOBr, NHCI, and NH»Br. Preferably, the dissolved oxygen sensor is

located in the flow of the process water.

BRIEF DESCRIPTION OF THE DRAWING

[0018] The present invention will be understood and appreciated more fully from the following
detailed description, taken in conjunction with the drawings in which:

Fig. 1 is a simplified schematic of a system in accordance with one embodiment of the present
invention;

Fig. 2 is a simplified schematic of a system in accordance with another embodiment of the
present invention;
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Fig. 3 is a graph showing the level of dissolved oxygen and the rate of steel corrosion in
process water as a function of time;

Fig. 4 is a graph showing the level of dissolved oxygen and the oxidation-reduction potential in
process water as a function of time;

Fig. 5 is a graph showing the level of dissolved oxygen and the rate of copper corrosion in
process water as a function of time;

Fig. 6 is a graph showing the level of dissolved oxygen and the level of total chlorine in process
water as a function of time;

Fig. 7 is a graph showing the level of dissolved oxygen and the rate of steel corrosion in
process water as a function of time;

Fig. 8 is a graph showing the level of dissolved oxygen and the oxidation-reduction potential in
process water as a function of time;

Fig. 9 is a graph showing the level of total chlorine and the bacteria count in process water as
a function of time;

Fig. 10 is a graph showing the level of dissolved oxygen and the bacteria count in process
water as a function of time;

Fig. 11 is a graph showing the levels of dissolved oxygen and total chlorine in process water as
a function of time;

Fig. 12 is a graph showing the level of dissolved oxygen and the pH in process water as a
function of time;

Fig. 13 is a graph showing the levels of dissolved oxygen and total chlorine in process water as
a function of time;

Fig. 14 is a graph showing the levels of dissolved oxygen and total chlorine in process water as
a function of time;

Fig. 15 is a graph showing the levels of dissolved oxygen and total chlorine in process water as
a function of time;

Fig. 16 is a graph showing the level of total chlorine and the oxidation-reduction potential in
process water as a function of time;

Fig. 17 is a graph showing the level of total chlorine and the rate of copper corrosion in
process water as a function of time;

Fig. 18 is a graph showing the level of dissolved oxygen and the rate of copper corrosion in
process water as a function of time;

Fig. 19 is a graph showing the level of dissolved oxygen in process water as a function of time;
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Fig. 20 is a graph showing the levels of dissolved oxygen and adenosinde triphosphate (ATP)
in process water as a function of time;

Fig. 21 is a graph showing the level of ATP in process water as a function of the pH;

Fig. 22 is a graph showing the pHin process water as a function of the level of dissolved
oxygen; and

Fig. 23 is a graph showing the level of dissolved oxygen in process water as a function of time.

DETAILED DESCRIPTION OF THE INVENTION

[0019] As described in published European Patent Publication No. 0 517 102, biological fouling
of circulating water is a well known problem caused by algae, fungi, bacteria, and other simple
life forms found in circulating water. That patent publication describes controlling biofouling in
high chlorine demand waters by mixing two components, one of which is an oxidant and the
other an ammonium salt, and adding the mixture substantially immediately to the aqueous
system to be treated. This produces the active biocidal ingredient, as described therein. A
large number of examples of oxidants and ammonium salts are described in that patent
publication.

[0020] A problem encountered in this method of treating liquid to inhibit growth of living
organisms, however, is that the concentrated active biocidal ingredient is extremely non-stable
chemically and quickly decomposes upon formation with the result that there is a fast drop in
pH. This is especially so for active biocidal ingredients produced with no control. Therefore,
when conventional dosing pumps and mixers are used in the absence of control the formed
active biocidal ingredient quickly decomposes and loses its efficacy. Also, while the pH range of
such concentrated active biocides is theoretically 10-12.5, the actual pH is lower and frequently
unstable because of the fast decomposition. The biocide derived from ammonium bromide is
particularly unstable, and thus more prone to degradation.

[0021] In US 5,976,386, a method and apparatus for producing a biocide are disclosed that
enable a constant ratio of oxidant/amine source to be maintained, thereby avoiding the need to
use excess amine source in order to stabilize the reaction product and to maintain a
reproducible product containing almost no degradation products. The novel method described
therein includes producing an efficient in situ dilution of both the oxidant and the amine source
and synchronously metering the two dilutions into a conduit to continuously mix therein
according to a predetermined ratio to produce an active biocidal ingredient.

[0022] As already described in US 5,976,386, careful control of the biocide formation is
necessary. The biocide production process uses a multiple feeding point system requiring a
separate control for each feed line since different pumps respond differently to pressure
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change, and pump feed rates depend on the water flow pressure. As for any on-site process,
an online control is needed to ensure production of the right product at high yield, and with
minimal side products. Furthermore, as shown in the above referenced patents, equimolar
amounts of ammonium and hypochlorite are necessary for optimal performance. Excess
hypochlorite, even local excess, leads to production of multi-chlorinated chloramines and
degradation of the biocidal product monochloramine (MCA). With insufficient hypochlorite, the
ammonium does not fully react, leading to a lower biocide concentration, excessive use of
chemicals, higher cost of treatment, reduced efficacy, etc. The components used to make the
biocide, such as sodium hypochlorite and ammonium carbamate, disclosed in US 7,837,883,
the contents of which are incorporated herein by reference, are unstable chemicals, and
degrade with time during use.

[0023] There are known methods for ensuring the correct ratio between the feed of an
ammonium salt and an oxidant. In US 5,976,386 is disclosed the use of pH as an indicator of
the end point of the reaction between an ammonium salt and sodium hypochlorite. Addition of
hypochlorite to an ammonium salt solution increases the pH. However, after the equimolar
point, the hypochlorite begins to degrade the biocidal MCA forming inorganic acids, which
lower the pH. Thus, pH can be used as an indicator of the end point. US 9,801,384, discloses
the use of oxidation-reduction potential (ORP), conductivity, induction and oxygen saturation as
parameters for indicating the ideal ratio between an ammonium salt and sodium hypochlorite.

[0024] In some cases, even if the biocide was optimally produced by the feeding unit, other
parameters such as process water temperature, high local concentration of the produced
biocide, process water pH and other water quality parameters can induce degradation of the
biocide once it is mixed with the process water and potentially result in the production of
unwanted disinfection by-products and consumption of process chemicals.

[0025] Monochloramines (MCA), such as those derived from a hypochlorite and an ammonium
salt, are known to be inherently unstable (see, for example, Vikesland et al., "Effect of Natural
Organic Matter on Monochloramine Decomposition: Pathway Elucidation through the Use of
Mass and Redox Balances”, Environmental Science and Technology 1998, 32(10):1409-1416;
and Ozekin et al., "Modeling the Decomposition of Disinfecting Residuals of Chloramine”,
Water Disinfection and Natural Organic Matter, ACS Symposium Series 1996, pp. 115-125).
The degradation of MCA in pure water is generally described by the following formula (1):

3NH,Cl—Ny+NH3+3HCI 1)

[0026] The rate of this degradation depends, inter alia, on the initial molar ratio of CI/N, the pH,
temperature, and the concentration of MCA. In the presence of organic matter,
monochloramine can react with the organic matter to form benign products.

[0027] However, under some conditions, monochloramine can degrade to form active halogen
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compounds, such as hypochlorous acid (HOCI) and dichloramine (NHCI5), and in the presence
of bromide such as when using ammonium bromide to form MCA, monobromamine (NH5Br)
and hypobromous acid (HOBr). NHCI, and NH5Br can also form the higher order substituted
compounds NCl3;, NHBr, and NBrz. These active halogens are less chemically stable than

MCA, degrade much faster and are much more reactive. The active halogens derived from the
degradation of MCA can lead to the production of undesired disinfection by-products.
Halogenated disinfection by-products present a particular hazard due to their potential toxicity.
The most familiar halogenated by-products are chloroform, bromoform, and chlorinated and
brominated organic acids, but the halogenated by-products depend on the organic content of
the water, and most of them have not been elucidated.

[0028] The analysis of disinfection by-products requires time-consuming laboratory
procedures. In our previous patents and applications, we described the special attention
needed in order to maintain continuous control of the process in order to ensure the production
of MCA alone, and avoid degradation and presence of degradation intermediates in the biocide
stock solution which is fed to process water. Feeding MCA to water with a high demand for
chlorine will reduce the stability of the MCA compared to use of MCA in water with very low
demand, and it is thus important to maximize the stability of the MCA and reduce avoidable
fast degradation. A higher stability of the MCA in process water increases its biocidal efficiency,
reduces chemical usage, and also reduces the production of disinfection by-products.

[0029] Monitoring process water is an essential step in evaluating treatment efficiency. The
role of people in monitoring water quality is essential, but online monitoring is an essential tool
in making human monitoring feasible. Minimizing the number of parameters to be monitored
online is important because it reduces the handling and cost of online monitoring devices and
makes it more feasible. Online monitoring enables feedback control, which is essential for
immediate response for a problem. Online identification of fast degradation conditions, as well
as feedback steps to reduce this degradation, are important for treatment optimization and
environmental protection.

[0030] US 8,012,758 discloses an apparatus for measuring microbiological activity using
oxygen consumption rate. A sample is drawn from the process water and the dissolved oxygen
concentration is measured upon sampling and after an amount of time. A decrease in the
oxygen concentration is indicative of microbiological activity. US 9,970,919 discloses a similar
apparatus that measures oxygen concentration and/or rH. The sampling time in these
apparatus is 0.5 - 2 hours. A similar method is disclosed in Standard Methods for the
Examination of Water and Wastewater (1999), Method 2710B. Other systems involve a
complete monitoring strategy monitoring corrosion and biofouling using a series of
electrochemical probes as disclosed in On-Line Systems Aid Cooling System Chemistry
Control (Schaefer and Pilsits, Industrial Waterworld 2003) and Cristiani and Perboni,
"Antifouling strategies and corrosion control in cooling circuits", Bioelectrochemistry 2014,
97:120-126.
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[0031] None of the above-mentioned systems discloses detecting degradation of a biocide.
What is needed is a system with a simple, preferably online measurement that can identify a
fault in the process water quickly that may be related to biocide degradation and alert the
operator in real time to take corrective steps or to take corrective steps automatically. Oxygen
is involved in many different processes that occur in industrial water. For example, oxygen is
consumed by microbial activity and by corrosion processes. Oxygen is absorbed into water
during cooling of water in an open cooling tower if cooling is efficient and in process water
when water is in contact with air.

[0032] Measuring dissolved oxygen in process water during feeding of oxidizing biocides,
strong oxidizers or weak oxidizers, has revealed a fast reduction in dissolved oxygen in many
cases. Areduction in the level of dissolved oxygen as a result of biocide feeding is indicative of
biocide degradation. Thus, dissolved oxygen can serve as a parameter for monitoring biocide
degradation and the potential production of disinfection by-products in real time.

[0033] In accordance with a first embodiment (not claimed) there is provided a system for
monitoring process water that is treated with a biocide for potential degradation of the biocide.
The system comprises a biocide feeding system for feeding biocide to process water, a
dissolved oxygen sensor and optionally one or more additional sensors.

[0034] The process water may be in any system having circulating or once through process
water. In one embodiment, the process water may be part of a cooling system. In an
alternative embodiment, the process water may be part of a paper production facility. In this
embodiment, the process water preferably contains starch. In a further embodiment, the
process water may be part of a food processing facility, such as for producing sugar or
processing starch. In a still further embodiment, the process water may be part of a mining or
oil drilling facility. In yet another embodiment, the process water may be part of a system for
disinfection of fresh water or waste water.

[0035] The biocide feeding system can be any system that feeds a biocide to the process
water. In one embodiment, the biocide feeding system comprises a pump that pumps a biocide
produced off-site to the process water. Alternatively, the biocide feeding system may comprise
a biocide production system for mixing two reactants to produce a biocide on-site and
synchronously feed the biocide to the process water, such as the feeding systems disclosed in
US 5,976,386, US 7,837,883 and US 9,801,384. The biocide feeding system may feed biocide
to the process water continuously or intermittently.

[0036] The biocide can be any suitable biocide. For example, the biocide can be an inorganic
biocide such as chlorine dioxide (ClO5), hypochlorous acid (HOCI), hypobromous acid (HOBr),

or a chloramine derived from the mixing of a hypochlorite oxidant and an ammonium salt. In a
preferred embodiment, the ammonium salt is selected from ammonium carbamate, ammonium
carbonate, ammonium bicarbonate, ammonium bromide, ammonium chloride, ammonium
sulfate, ammonium sulfamate and ammonium hydroxide (aqueous ammonia). More preferably,
the ammonium salt is selected from ammonium carbamate, ammonium bromide and
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ammonium sulfate. In one embodiment, the ammonium salt is ammonium carbamate. In
another embodiment, the ammonium salt is ammonium bromide. In a further embodiment, the
ammonium salt is ammonium sulfate. The biocide can also be an organic biocide, such as
glutaraldehyde, isothiazolinone derivatives including methylisothiazolone,
methylchloroisothiazolinone  and  benzisothiazolinone,  2-bromo-2-nitropropane-1,3-diol
(bronopol), 2,2-dibromo-2-cyanocacetamide (DBNPA) or a quaternary ammonium salt.

[0037] The dissolved oxygen sensor can be any available dissolved oxygen sensor. Preferably,
the dissolved oxygen sensor is a luminescence-based dissolved oxygen sensor, wherein the
presence of oxygen quenches the luminescence of an excited dye. For example, the dissolved
oxygen sensor can be a luminescent dissolved oxygen sensor supplied by Hach Company
(Loveland, CO, USA), such as the LDO Il sc electrode with an SC200 controller.

[0038] The one or more additional sensors can include a temperature sensor, a pH sensor, an
oxidation-reduction potential (ORP) sensor, a conductivity sensor, an inductive conductivity
sensor, a corrosion monitoring sensor for a specific metal, such as copper and different types
of steel, biofilm monitoring devices, chemical fouling devices, turbidity monitoring devices and
online instruments for measuring residual biocides such as free and total chlorine.

[0039] The dissolved oxygen sensor is placed in the process water. The dissolved oxygen
sensor can be placed at any suitable location in the process water. Preferably, the dissolved
oxygen sensor is placed at a location downstream from and close to the location of the biocide
feeding point but at a sufficient distance to allow mixing of the biocide with the bulk process
water. The average flow time of the process water from the biocide feeding point to the oxygen
sensor is preferably not more than 30 minutes, more preferably not more than 20 minutes, and
even more preferably not more than 10 minutes. The average flow time of the process water
from the biocide feeding point to the oxygen sensor may be less than 1 minute, from 1 to 10
minutes, from 1 to 5 minutes, from 5 to 10 minutes, from 10 to 15 minutes, from 15 to 20
minutes, from 20 to 25 minutes or from 25 to 30 minutes. For example, in cooling water the
dissolved oxygen sensor can be placed at or close to the outlet of the heat exchanges. In a
paper mill, the oxygen sensor can be placed at or close to the outlet of the chest to which the
biocide is fed. It can also be placed in chests where low pH additives such as aluminum salts or
wet strength agents are fed.

[0040] The dissolved oxygen sensor operates in two different modes. In a background mode,
the dissolved oxygen sensor measures the dissolved oxygen saturation at regular intervals.
The time between measurements ranges from four minutes to 60 minutes, preferably from 10
minutes to 30 minutes. The measurements are recorded by a controller. The controller may be
an integral part of the sensor, or may be located on an external device, such as a computer or
portable communication device, in communication with the sensor. The controller may also be
located in the biocide feeding unit or be in communication therewith.

[0041] The controller establishes a baseline value for the oxygen saturation. In the background
mode, the baseline value may range from 0.1% to 100% or more, preferably from 5% to 100%.
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The dissolved oxygen level can be measured in ppm (mg/L) or in % saturation. If a
measurement differs from the baseline value by more than a preset threshold, the controller
raises a warning. The threshold may be a 0.1 to 50% change, preferably 0.5%-50%, more
preferably a 1 to 10% change. The warning may be displayed on a display device viewed by an
operator or may be transmitted to a remote recipient, such as via the internet or telephone.

[0042] The warning raised by the controller indicates a fault in the process water. A decrease
or increase in oxygen saturation can be indicative of changes in microbial contamination, since
microorganisms consume oxygen. A decrease in oxygen saturation can also be indicative of
corrosion of metal, a process which consumes oxygen. A decrease in oxygen saturation can
also be indicative of the introduction of reducing agents such as sulfite and sulfide into the
process water. An increase in oxygen saturation can indicate improved microbial control or the
introduction of oxidizing agents such as hydrogen peroxide into the process water. The
warning provides a general indication that there is a fault in the process water which must be
investigated and addressed.

[0043] When a biocide is about to be fed to the process water at a feeding point adjacent to
the dissolved oxygen sensor, a controller in communication with the dissolved oxygen sensor is
alerted and switches the dissolved oxygen sensor from the background mode to a feeding
mode. The feeding mode may begin prior to the biocide feeding, such as ten minutes prior to
biocide feeding, five minutes prior to biocide feeding or two minutes prior to biocide feeding. In
the feeding mode, the dissolved oxygen sensor operates at a higher frequency than in the
background mode. Typically, the dissolved oxygen level is measured in the feeding mode
every 2 to 15 minutes. For example, the dissolved oxygen level is measured every two
minutes, every five minutes, every ten minutes or every 15 minutes. The feeding mode may
continue for an extended measurement period after the biocide feeding stops. The extended
measurement period may be up to about 30 minutes, such as 30 minutes, 20 minutes or 10
minutes.

[0044] During biocide feeding and for a short period thereafter, the dissolved oxygen level is
expected to be stable or increase slightly. However, if the biocide is degrading and forming
stronger oxidizing intermediates, or if strong oxidizers are fed, thus increasing the potential for
forming disinfection by-products, the dissolved oxygen level decreases during biocide feeding.
Therefore, a decrease in dissolved oxygen during the biocide feeding is a definite sign of a
problem and the controller raises a warning if the dissolved oxygen level drops during feeding
or during the extended measurement period.

[0045] The drop in dissolved oxygen close to the biocide feeding point during biocide feeding
can be caused by degradation of the biocide. The degradation may result from a biocide which
was not produced properly or by local conditions in the process water which promote
degradation of the biocide. Degradation of the biocide in the process water indicates a
potential for production of unwanted disinfection by-products.

[0046] While the exact cause of the drop in dissolved oxygen and/or degradation of the biocide
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is not immediately known, it is likely that the cause is related to an excess amount of oxidizing
biocide. Accordingly, a first measure to reduce damage to the process water while the exact
source of the problem is being investigated is to lower the feed rate of the oxidizer. In one
embodiment, lowering the feed rate of the oxidizer, such as a strong oxidizer, includes lowering
the total feed rate of the biocide. This may be performed by an operator receiving the warning
from the controller. Alternatively, the controller may also control the biocide feed and
automatically reduce the feed rate of the biocide.

[0047] In an alternative embodiment, when the biocide is a monochloramine generated from a
hypochlorite oxidant and an ammonium salt, lowering the feed rate of the oxidizer may include
lowering the feed rate of the hypochlorite only or increasing the feed rate of the ammonium
salt. In a biocide feeding system which does not have an internal control of the ratio of the
hypochlorite to ammonium feed rates, changing a feed rate may include manual changing of
the feed rate by an operator. Alternatively, the controller may also control the feed rates of the
biocide feed and the ratio thereof. In some embodiments, the biocide feeding system includes
an internal control of the ratio of the hypochlorite to ammonium feed rates. For example, the
internal control may use a control parameter as described in US 5,976,386 or US 9,801,384.
The system of the present invention can supersede the internal control of the biocide
production system and control the ratio between two feed rates.

[0048] Following the period of time after the biocide feeding as described above, the controller
changes the mode of operation of the dissolved oxygen sensor to the background mode.

[0049] Fig. 1 is a simplified schematic of a system 10 that can be used to perform the method
claimed in the present invention. of the present invention. System 10 includes a chest 12 or
tank having a process water inlet 14, a biocide feeding line 16, a mixing device (not shown)
and a process water outlet 18. Biocide feeding line 16 supplies the biocide from a biocide
production system 20. In an alternative embodiment (not shown), system 10 does not include a
biocide production system, but rather biocide is produced off-site and fed to chest 12 via a
pump. In chest 12, the biocide is mixed with the process water. While a chest is shown, the
mixing can also take place in another fluid-containing element such as a pipe.

[0050] Process water outlet 18 includes a sidestream 22 which is circulated back into chest 12.
An oxygen sensor 24 is placed in sidestream 22. Oxygen sensor 24 is in communication with a
local controller 26. Local controller 26 may include a transmitter that transmits data and/or
instructions 28 to a controller of biocide production system 20. Instructions 28 may include
instructions to increase or decrease the feed rate of the biocide. In an embodiment wherein the
biocide is produced by mixing a hypochlorite oxidant with an ammonium salt, instructions 28
may include instructions to change the ratio between the oxidant and the ammonium salt.

[0051] Fig. 2 is a simplified schematic of a system 30 in accordance with another embodiment
of the present invention. System 30 includes a cooling tower 32 having a cool water inlet (not
shown), a biocide feeding line 16 and a warm water outlet 34. Biocide feeding line 16 supplies
the biocide from a biocide production system 20 to the cool water entering cooling tower 32. In
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an alternative embodiment (not shown), system 30 does not include a biocide production
system, but rather biocide is produced off-site and fed to cooling tower 32 via a pump.

[0052] Warm water outlet 34 has a sidestream 36 containing an oxygen sensor 24. Oxygen
sensor 24 is in communication with a local controller 26. Local controller 26 may include a
transmitter that transmits data and/or instructions 28 to biocide production system 20.
Instructions 28 may include instructions to increase or decrease the feed rate of the biocide. In
an embodiment wherein the biocide is produced by mixing a hypochlorite oxidant with an
ammonium salt, instructions 28 may include instructions to change the ratio between the
hypochlorite and the ammonium salt.

[0053] While Figs. 1 and 2 show systems with one biocide inlet and one dissolved oxygen
sensor, the system of the present invention may include multiple dissolved oxygen sensors,
each one in proximity to and downstream from one of a plurality of biocide inlets. Each
dissolved oxygen sensor is in communication with a controller and the corresponding biocide
feeding is controlled based on the measurements of the dissolved oxygen sensor as described
herein.

[0054] There is also provided in accordance with an aspect of the present invention a method
for monitoring the state of process water that is treated with a biocide for potential degradation
of the biocide, the method comprising: providing a dissolved oxygen sensor in the process
water and periodically measuring the level of dissolved oxygen in the process water. The
method may also comprise communicating the level of dissolved oxygen to a controller and
raising a warning by the controller if the level of dissolved oxygen strays from an expected
value.

[0055] The process water, biocide and dissolved oxygen sensor of the method are as
described above with respect to the system of the invention. Periodically measuring the level of
dissolved oxygen may include measuring the dissolved oxygen level every two minutes to
every 60 minutes.

[0056] Raising a warning by the controller if the level of dissolved oxygen strays from an
expected value is carried out in two modes. In a background mode, the dissolved oxygen
sensor monitors the process water when a biocide is not being fed. In this mode, the dissolved
oxygen is measured every 4 to 60 minutes, preferably every 10 to 30 minutes. The controller
establishes a baseline value for the oxygen saturation. In the background mode, the baseline
value may range from 0.1% to 100% or more, preferably from 0.5% to 100. If a measurement
differs from the baseline value by more than a preset threshold the controller raises a warning.
The threshold may be a 0.1 to 50% change, preferably 0.5%-50%, more preferably a 1 to 10%
change. The warning may be displayed on a display device viewed by an operator or may be
transmitted to a remote recipient, such as via the internet or telephone. The warning provides
a general indication that there is a fault in the process water which must be investigated and
addressed.
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[0057] When a biocide is about to be fed to the process water the controller is alerted and
switches the dissolved oxygen sensor from the background mode to a feeding mode. In the
feeding mode, the dissolved oxygen level is measured every 2 to 15 minutes. For example, the
dissolved oxygen level is measured every two minutes, every five minutes, every ten minutes
or every 15 minutes. During the feeding of the biocide to the process water, there is an
expected increase in dissolved oxygen due to the decrease in oxygen-consuming
microorganisms. Therefore, in the feeding mode, the controller does not sound a warning due
to an increase in dissolved oxygen. However, a decrease in dissolved oxygen during the
feeding is a definite sign of a problem and the controller raises a warning if the dissolved
oxygen level drops during feeding. The feeding mode may begin prior to the biocide feeding,
such as up to ten minutes prior to biocide feeding, and continue for an extended measurement
period after the biocide feeding, such as up to 30 minutes after biocide feeding stops.

EXAMPLES

Example 1

[0058] A cooling tower is monitored by an elaborate electrochemical device to measure the
corrosion rate of steel. In parallel, a simple oxygen electrode was installed. Fig. 3 shows that
as the steel corrosion rate decreases, the dissolved oxygen concentration increases, and as
the steel corrosion rate increases, the dissolved oxygen concentration decreases.

[0059] An ORP electrode was also installed and the results are shown in Fig. 4 together with
the dissolved oxygen results. It can be seen that the ORP maintained a steady value
throughout the sampling period and could not indicate that corrosion was taking place. On the
other hand, the dissolved oxygen measurements did reflect the corrosion in the cooling
system. This shows that dissolved oxygen can be used as an indicator of possible corrosion.

Example 2

[0060] Cooling water in a cooling tower was treated with hypobromous acid, a strong oxidizing
biocide, and tolyltriazole, a copper corrosion inhibitor. ORP measured values were high
indicating the presence of the strong oxidizer. The copper corrosion rate was measured using
an elaborate electrochemical device as in the previous example. An oxygen sensor was also
added, and the results are shown in Fig. 5.

[0061] The results show that the strong oxidizer reacts with the corrosion inhibitor, and as
strong oxidizer is fed to the system the corrosion increases because the corrosion inhibitor is
consumed when it reacts with the strong oxidizer. The reaction with the strong oxidizer
consumes oxygen, and dissolved oxygen decreases in parallel to the consumption of the
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corrosion inhibitor. Vwhen the cooling water is saturated with oxygen passing through the
cooling tower, the level of oxygen increases again. Oxygen drops again when the strong
oxidizer is fed again and reacts with the corrosion inhibitor. This reaction between the strong
oxidizer and the organic corrosion inhibitor results in the production of disinfection by-products.
This example shows that the dissolved oxygen electrode can detect this reaction and serve as
an indicator for potential production of disinfection by products.

Example 3

[0062] Cooling water is treated with a monochloramine biocide generated from ammonium
carbamate and sodium hypochlorite. Residual monochloramine (as total chlorine) and
dissolved oxygen were measured as the biocide was intermittently dosed. Fig. 6 shows
effective microbial control indicated by a steady increase in dissolved oxygen. The biocide is
sufficient to control oxygen-consuming microorganisms and does not degrade or react with
organic material present in the cooling water. The steel corrosion rate was measured and was
shown to steadily decrease as dissolved oxygen increased as shown in Fig. 7. This shows that
dissolved oxygen can serve as an indicator for corrosion control.

Example 4

[0063] Cooling water from a cooling tower was treated with a strong oxidizing biocide, sodium
bromide mixed with sodium hypochlorite. A steady increase in conductivity from 1600 to 2300
pS/cm was noted, due to an increase in concentration cycles initiated by the plant. With the
increase in conductivity there is a parallel increase in concentration of any chemicals present in
the cooling water, and the viable count of microorganisms is expected to increase. The water
was monitored using both dissolved oxygen and ORP sensors. Dissolved oxygen is expected
to drop due to increased oxygen consumption by the microorganisms, and the ORP is also
expected to drop due to an increase in concentration of reducing compounds produced by the
microorganisms. As can be seen in Fig. 8, the decrease in dissolved oxygen was observed well
before the decrease in ORP. Dissolved oxygen is therefore a more sensitive marker for
increased microbial activity than ORP. A controller detecting the decrease in dissolved oxygen
that does not occur during biocide feeding can react to the problem by increasing the biocide
feed rate to compensate for the increased microbial activity.

Example §

[0064] Bromine-activated chloramine (BAC), a biocide produced by on-site mixing of
ammonium bromide and sodium hypochlorite was fed to the mixing chest of a paper machine
producing fine paper. BAC was fed every 180 minutes for 15 minutes. Dissolved oxygen, pH,
and residual total chlorine (measured using N,N-diethyl-p-phenylenediamine (DPD)) were
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measured in the mixing chest (MC) and in the head box (HB) during BAC feeding and during
feeding off-times. The average time for the process water to flow from the mixing chest to the
head box is less than five minutes. Aerobic viable counts (MB) were measured in the head box
samples. The measurements were conducted manually, on-site, as soon as samples were
taken.

[0065] The expected results would be that the residual total chlorine in the MC would rise
steadily during the feeding and would be maintained for about 5 minutes after the feeding
stops. As shown in Fig. 9, the HB shows some residual after 10 minutes of feeding to the MC
and the residual increases to a maximum of 5.6ppm at 5 minutes off feeding, when the
residual total chlorine in the MC is 6.6ppm. The viable count decreases significantly as soon as
residual is measured in the HB, and the count remains below detection limit and starts to
increase after 90 minutes of off feeding. Both in the MC and in the HB the highest residual
measured does not last for 15 minutes.

[0066] Fig. 10 shows that the oxygen in the HB increases at 10 min on, when residual total
chlorine from the MC first reaches the HB, and a significant drop in viable count is noted.
However, contrary to the expectation that the oxygen will increase further, or at least remain at
the same level, oxygen drops continuously during the following 50 minutes until 60 minutes off
feeding where dissolved oxygen starts to increase in parallel to an increase in viable count.
When viable counts increase further, oxygen starts to drop.

[0067] Fig. 11 shows that both residual total chlorine and dissolved oxygen began to decrease
during the feeding in both the MC and the HB. This is indicative of degradation of the biocide.
Measuring residual total chlorine online is possible, but residual chlorine alone will not yield the
same information, since fluctuations in residual chlorine are natural, and are not necessarily
related to biocide degradation.

[0068] Fig. 12 shows that the pH in the MC is dropping while the oxygen decreases and the
biocide degrades. The degradation and drop in dissolved oxygen is more pronounced in the
HB because of the low HB pH. The low pH promotes degradation of BAC, and the degradation
reduces the pH, leading to increased reduction in dissolved oxygen. Oxygen starts to increase
when residual Cl, is too low to show any side reactions (0.65 ppm). Monitoring of dissolved

oxygen manually or online during biocide feeding is a simple method to detect biocide loss due
to degradation during feeding. The drop in dissolved oxygen due to faulty production of the
biocide or due to specific conditions occurring in the process water upon feeding the biocide
which promote BAC degradation is observable even when the background level of dissolved
oxygen is low due to microbial contamination or high when the process water is effectively
controlled.

[0069] On a separate occasion, process water was allowed to stand overnight to allow for
microbial growth and diminishing the dissolved oxygen level. Even at these lower levels of
dissolved oxygen, the drop in dissolved oxygen when the chlorine residual is high can be
observed and shown in Fig. 13.
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Example 6

[0070] Cooling tower water was treated with NAC, a biocide produced by on-site mixing of
ammonium carbamate and sodium hypochlorite. NAC was fed to the cooling water every 60
minutes for 4 minutes. Dissolved oxygen was measured online at the cooling tower basin and
the residual total chlorine was also measured by an online total chlorine measuring instrument.
The initial dissolved oxygen level was high, indicating no problems. The dissolved oxygen
dropped, with a minimum in dissolved oxygen during biocide feeding, a slight increase and
stabilization of dissolved oxygen while residual total chlorine was stable, and an additional
reduction in dissolved oxygen while the residual total chlorine increased during the following
feeding of NAC. The results are shown in Fig. 14.

[0071] The drop in dissolved oxygen when the residual chlorine is highest indicates a fault in
the biocide production or degradation of the biocide upon mixing with the process water and
can continue if steps to resolve the problem are not taken. An adsorbable organic halogens
(AOX) analysis was conducted at the same time and confirmed that the AOX was 0.18 ppm
instead of the regular expected value of 0.014 ppm. These findings correlate the drop in
dissolved oxygen during biocide feeding with production of a mixture of chloramines rather
than production of monochloramine alone due to lack of balance between sodium hypochlorite
and ammonium carbamate. The corrective step to be taken would be to lower the ratio
between the feed rate of hypochlorite and the feed rate of ammonium carbamate.

Example 7

[0072] Cooling tower water was treated with NAC, a biocide produced by on-site mixing of
ammonium carbamate and sodium hypochlorite. Residual total chlorine and dissolved oxygen
were monitored. A decrease in dissolved oxygen was observed whenever the residual total
chlorine increased as shown in Fig. 15, showing a fault in the production of the biocide.
Investigation of the fault revealed that the ammonium carbamate container was almost empty
and what was being fed to the cooling water was mainly sodium hypochlorite. Sodium
hypochlorite is a strong oxidizer which quickly degrades with consumption of oxygen. A high
concentration of sodium hypochlorite creates polychlorinated amines and other undesirable
disinfection by-products. ORP measurements confirmed that what was being fed to the system
was a strong oxidizer as shown in Fig. 16.

[0073] The cooling tower is protected from copper corrosion by adding tolyltriazole to the
cooling water as a copper corrosion inhibitor. The corrosion inhibitor does not react with
monochloramine but it does react with strong oxidizers such as sodium hypochlorite, reducing
the copper corrosion inhibition. Copper corrosion was measured and the copper corrosion rate
was found to correlate with the residual chlorine as shown in Fig. 17. Fig. 18 shows that the
dissolved oxygen decreased as corrosion increased and vice versa. This demonstrates that



DK/EP 3807221 T3

dissolved oxygen can be an indicator for corrosion as well as for faulty biocide feeding with its
potential production of disinfection by-products.

Example 8

[0074] An oxygen electrode was installed in process water of a paper machine using recycled
fiber. The paper machine used NAC as its biocide, and the feeding was intermittent at several
feeding points along the machine. The electrode measured dissolved oxygen continuously for
two months. In parallel, the operators measured process water parameters once a day on
weekdays, sampling various points in the process water. Samples were taken at random times,
during biocide feeding and during biocide off feeding time. The parameters monitored were:
pH, ORP, conductivity, ATP, residual chlorine and dissolved oxygen. Lab measurements of
dissolved oxygen were based on the equipment standard procedure: the electrode was placed
in the sample, and dissipation of oxygen was followed until the consumption of oxygen ended
and the reading of residual dissolved oxygen (%) was stable. The online oxygen electrode
measured % dissolved oxygen every minute, and the data presented in this example was
limited to data points collected during NAC feeding to the same feeding line.

[0075] A daily average of the online oxygen measurements and lab measurements at two
sampling points are presented in Fig. 19. The lab measurements were taken at the VWWVE:
white water bottom, one of the machine NAC feeding points, the closest feeding point to the
online electrode, and CWT: clear water tower, the next big water chest close to the oxygen
electrode. Fig. 19 clearly shows that the online electrode measured consistently high values of
0% from 80% to 120%, yet there were clear differences in the daily average oxygen

saturation results. The lab samples showed higher residual dissolved oxygen in some samples,
but usually the level of dissolved oxygen was very low. Fig. 20 presents adenosine
triphosphate (ATP) measurement results. ATP is produced by bacteria and indicates bacterial
activity. The values were mostly high, indicating high contamination of the paper process water.
The online oxygen results measured continuously and without enabling the electrode to get to
a stable reading show much higher values, and thus it was shown that the results of the daily
average of the online electrode reading cannot be used to monitor on line process water
microbial contamination, as is supported also by the prior art.

[0076] Fig. 21 shows a clear correlation between ATP and pH in the lab samples. This
correlation is not surprising since bacteria in process water produce acids as starch is
degraded. The amount of acid produced is related to the amount of microbial activity. The
results in Fig. 22 show a clear correlation between process water lab tested pH values and
online daily average values of dissolved oxygen. This finding shows that even though the
online oxygen electrode average results cannot be directly correlated with the biological activity
in the process water and the actual values measured online do not reflect the real decay of
oxygen due to microbial consumption, the average dissolved oxygen values can be used to
assess the level of microbial contamination in the process water.



DK/EP 3807221 T3

[0077] Fig. 23 shows the actual readings of an online oxygen electrode during NAC feeding to
one feeding point for a 24 hour period. The online oxygen readings steadily decrease and
clearly demonstrate loss of control and increase in growth of microorganisms. This shows that
continuous online monitoring is effective in detecting loss of biological control in process water.
Such online data can be used for automatic corrective steps to prevent further deterioration.
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PATENTKRAV

1. Fremgangsmade, i en proces til fadning af et oxiderende biocid til
procesvand, til overvagning af potentiel nedbrydning af biocidet, hvorved der som
resultat af nedbrydningen dannes en aktiv halogenforbindelse, hvor fremgangsmaden

omfatter:

tilvejebringelse af en sensor for oplast oxygen (24) i strammen af

procesvandet nedstrems for et biocidindlab; og

anvendelse af sensoren for oplast oxygen (24) til periodisk maling af niveauet

af opl@st oxygen i procesvandet;

hvor tidsrummet for stramning af procesvandet fra biocidindlgbet til sensoren

for oplast oxygen (24) ikke er leengere end 30 minutter.

2. Fremgangsmade ifelge krav 1, som desuden omfatter fremstilling af det
oxiderende biocid synkront med fadning af det oxiderende biocid til procesvandet,
hvor fremstillingen omfatter fremstilling af det oxiderende biocid gennem blanding af

en hypochloritoxidant og et ammoniumsalt.

3. Fremgangsmade ifelge krav 2, hvor ammoniumsaltet er valgt fra
ammoniumcarbamat, ammoniumcarbonat, ammoniumbicarbonat, ammoniumbromid,

ammoniumchlorid, ammoniumsulfat, ammoniumsulfamat og ammoniumhydroxid.

4, Fremgangsmade ifelge krav 3, hvor ammoniumsaltet er valgt fra

ammoniumcarbamat, ammoniumbromid og ammoniumsulfat.

5. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 4, hvor sensoren

for opl@st oxygen (24) er en luminescensbaseret sensor for oplast oxygen.

6. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 5, som desuden
omfatter kommunikation af niveauet af oplast oxygen til en styreenhed (26), hvor
styreenheden (26) omfatter et display til visning af en advarsel pa grundlag af
malingerne fra sensoren for opl@st oxygen (24), og/eller hvor styreenheden (26)

indbefatter en funktion til afsendelse af en advarsel til en ekstern placering.
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7. Fremgangsmade ifelge krav 6, hvor styreenheden (26), ved drift i en
baggrundstilstand, frembringer en grundlinjeveerdi for niveauet af opl@st oxygen, hvor
styreenheden (26) afgiver en advarsel, hvis niveauet af opl@st oxygen afviger fra
grundlinjevaerdien ud over en forudindstillet teerskel, og/eller hvor styreenheden (26),
ved drift i en fedetilstand, afgiver en advarsel, hvis der sker et fald i niveauet for oplast

oxygen under fadningen eller under en forleenget maleperiode efter fadningen.

8. Fremgangsmade ifelge krav 7, hvor den forlaengede maleperiode er
30 minutter.

9. Fremgangsmade ifelge krav 7, hvor den forlaengede maleperiode er
20 minutter.

10. Fremgangsmade ifelge krav 7, hvor den forlaengede maleperiode er
10 minutter.

11. Fremgangsmade ifelge et hvilket som helst af kravene 6 til 10, hvor

styreenheden (26) er i kommunikation med et biocidfremstillingssystem (20) til
fremstilling af det oxiderende biocid synkront med fadningen, hvor styreenheden (26)

har en funktion til styring af biocidfremstillingssystemet (20).

12. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 11, hvor
tidsrummet for streamning af procesvandet fra biocidindlabet til sensoren for oplast

oxygen ikke er leengere end 20 minutter.

13. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 12, hvor
tidsrummet for streamning af procesvandet fra biocidindlabet til sensoren for oplast

oxygen ikke er leengere end 10 minutter.

14. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 13, hvor den
aktive halogenforbindelse er valgt fra den gruppe, der bestar af HOCI, HOBr,
NHCI2 og NH2Br.
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Dissolved Oxygen and steel corrosion rate
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Residual Chlorine and bacterial counts
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Residual Chlorine and dissolved Oxygen in the MC and HB
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Oxygen and total Chlorine
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Residual total Chlorine and Cu corrosion
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On line dissolved Oxygen electrode readings:
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