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{(57) Abstract: The invention relates to a method for chemically treating a liquid medium loaded with nitrates, primarily comprising
a step in which zine in brought into contact with said liquid medium whose pH is preferably less than 4. When this contacting step

o~ lcads to the prescnce of residual zine in the liquid medium, the liquid medium is circulated through at least one clectrolytic cell. The
invention also relates to a device for treating a liquid medium loaded with nitrates, to applications of this method, and to a device for

o reducing the proportion of nitrates in ground water.
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METHOD FOR CHEMICALLY TREATING A LIQUID MEDIUM LOADED WITH
NITRATES, DEVICE FOR TREATING A LIQUID MEDIUM OF THIS TYPE

AND APPLICATIONS

The present invention relates to a method for chemically treating a liquid
medium loaded with nitrates.

The invention also relates to a device for processing such a liquid medium and
to the applications of this method.

The liquid effluents resulting from the drainage of cultivation soils arc subject to
regulation whose goal is to reduce the quantity of pollutants contained in these
effluents.

These pollutants include more particularly nitrates.

In the context of the cultivation of tomatoes outside the ground, in a greenhouse,
for example, the liquid effluents originating from the drainage waters can contain a
concentration of nitrates up to 3 g/L for a maximum flow rate of 31 m’ /day/hectare.

However, the disposal of these waters is harmful to the environment, and in the
past, the maximum nitrate concentration acceptable for the environment was estimated
to be 50 mg/L, and, currently, it is estimated to be 25 mg/L.

Biological treatment of these effluents is possible, but it presents two major
disadvantages, namely the presence of organic compounds that are not easily
biodegradable in the effluents, thus requiring a significant addition of methanol, as well
as the prescnce of microorganisms, which is not desirable in proximity to the site of the
cultivation.

Any discussion of documents, acts, materials, devices, arficles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as yn admission that any or all of
these matters form part of the prior art base or were comman general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.

Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.
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1A
In one aspect, the invention provides a method of chemically treating an
aqueous liquid medium, loaded with nitrates for reduction of its nitrate level,

19 Mar 2010

comprising the steps of;
5 (a) contacting zinc with said liquid medium by addition of zinc into the liquid
medium whose pH is maintained at less than 4, by which the nitrates are reduced into
nitrites and the nitrites are farther reduced into uitrogen, and
(b) clectrolysis of the liquid medium treated in the first step (a), by which the

residual zine of the treated liquid medinm is eliminated.

10 In a sccond aspect, there is provided a device for chemically treating a liquid
medium loaded with nitrates, comprising :

2004280268

(a) at least one liquid nitrate reduction enclosure, which comprises a liquid inlet,
at least one zinc layer, a means for the circulation of said liquid medium through said
zinc layer, and a liquid medium outlet of the enclosure, the pH of the liquid medium
being less than 4, and in addition,

(b) a pH regulator to allow maintenance of the liquid medium at a pH of less
than 4;

(¢) a zinc reduction enclosure, in which the liquid circulates at the outlet of the
nitrate reduction enclosure, the zinc reduction enclosure comprising at least one
20 electrolysis cell.

To this effect, the method of the invention comprises at least one step of
contacting zinc and said liquid medium, whose pH is less than 4.

In the method of the invention, it is provided for the pH of said liquid medium to
be maintained constant by a regular adjustment consisting of adding an appropriate

25 quantity of acid to the liquid medium.

The acid used is preferably hydrochloric acid,

In this case, the adjustment of the pH can be carried out at least every half hour
for the duration of the treatment.

30
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In addition, the temperature of the liquid medium during the contacting step can be
higher than 20°C, but it can also be approximately 20°C.

According to a first aspect of the method of the invention, the zinc is in powder form.

In this case, the weight ratio between the zinc and the nitrates in solution is preferably at
least 5.

It is preferred for the liquid medium to be subjected to stirring. In this case, the stirring
can be carried out by pulses or static mixers.

The liquid medium advantageously is subjected to stirring at a speed of at least 0.55 m/s.

The method of the invention makes it possible to treat a liquid medium whose initial
concentration of nitrates is greater than 25 mg/L and also greater than 50 mg/L.

According to a second aspect of the method of the invention, the zinc is in the form of
chips.

In this cas, it is preferred for the zinc chips to be degreased and rinsed with distilled
water.

Also, in'this case, it is advantageous for the contact surface between the zinc and the
liquid medium to be at least 0.0156 m%L and, more advantageously, approximately 0.25 m*/L.

In the method of the invention, the liquid medium can consist of drainage waters in which
the concentration of nitrates can be greater than 1 g/L.

Advantageousty, the circulation flow rate of the liquid medium in contact with the zinc is
greater than 0.005 m/s and, preferably, approximately 0.01 m/s.

According to the invention, the method can comprise, in addition, a step of electrolysis of
the liquid medium.

This electrolysis step can consist in circulating the liquid 68 in at least one electrolysis
cell 110a, 110b, 110c, 110d, 110e, 110f in which a current circulates between two electrodes, an
anodic electrode 109a, 109b, 109¢, 109d and a cathodic electrode 108a, 108b, 108c, respectively.

Itis preferred for each cathodic electrode 108a, 108b, 108c to be made by the
compression of carbon particles between two perforated plates 116b, 116b' in which at least one
electrode forming means 117 is inserted while being connected to the negative pole of a
generator.

It is highly preferred for the anodic electrode 109a, 109b, 109¢, 109d to be made by the
compression of zinc chips between two perforated plates 118a, 118a', 118b, 118b' in which at
least one electrode forming means 119b, 119c¢ is inserted while being connected to the positive
pole of a generator.

In addition, it is preferred for the liquid medium 68 to circulate in at least six electrolysis
cells 110a, 110b, 110¢, 110d, 110e, 110f.




Advantageously, the pH of the liquid mixture is maintained above 5 and preferably equal
to 10 for the entire duration of the electrolysis step.

The potential which is applied between the anodic electrode 109a, 109b, 109¢ and the
cathodic electrode 108a, 108b, 108c is preferably approximately 2 volts for a current of 1.5-1.8
ampere per liter of solution treated.

The invention also concerns a device for chemically treating a liquid medium loaded with
nitrates, which device comprises at least one nitrate reduction enclosure 56, comprising a liquid
inlet 57, at least one zinc layer 70, 85, 85b, 85¢, 99a, 99b, 99¢, 99d, 9%, 99f, 99g, a means for
the circulation of said liquid medium 59 through said zinc layer, and an outlet for the liquid
medium 58 from the enclosure 56.

Advantageously, the nitrate reduction enclosure 56 is arranged vertically and it comprises
at least one zinc layer 70, 85a, 85b, 85c¢, 99a, 99b, 99¢, 99d, 99e, 99, 99g that is arranged
transversely over the entire width of the enclosure 56 and that is produced by the compression of
zinc chips between two perforated plates 71, 72, 86a 86a', 86b, 86b', 86¢, 86¢, the liquid inlet 57
is arranged in the lower part of the enclosure 56, the liquid outlet 58 is arranged in the upper part
of the enclosure 56, and the device comprises, in addition, a recirculation pump 59 making it
possible to ensure the circulation and the recirculation of the liquid from the inlet 57 to the outlet
58 passing through all the zinc layers 70, 85a, 85b, 85c, 99a, 99b, 99¢, 994, 9%, 991, 99g.

It is preferred for the height of each zinc layer 70, 85a, 85b, 85¢, 99a, 99b, 99¢, 99d, 9%,
991, 99¢ to be less than 10 cm.

In addition, the enclosure 56 can comprise a system for stirring the liquid 75, which
makes it possible to stir the liquid circulating in the enclosure 56 above each zinc layer 70, 85a,
85b, 85¢, 99a, 99b, 99c, 994, 99, 991, 99g, by forming a corresponding stirring zone 78, 92a,
92b, 92¢, 99al, 99b1, 99¢1, 99d1, 991, 99f1, 99g1.

It is preferred for the stirring speed of the liquid in each stitring zone 78, 92a, 92b, 92¢,
99al, 99b1, 99cl, 99d1, 99el, 99f1, 99g1 be approximately 0.85 m/s.

Advantageously, at least one stirring zone out of two is connected to a pH regulator.

In this case, the pH regulator can comprise at least one probe 93a, 93b, 93¢ which
measures the pH in the corresponding stirring zone 78, 92a, 92b, 92¢, 99al, 99b1, 99¢1, 9941,
9%el, 9911, 99g1, a control enclosure 94 and an acid circulation pump 95.

Itis preferred for the pH of the liquid medium to be maintained at a value below 6 by the
pH regulator and highly preferably at a value between 2 and 3.

Also, the circulation speed of the liquid in the enclosure 56 is preferably approximately
0.01 m/s.

Finally, the enclosure 56 comprises advantageously at least three zinc layers 70, 85a, 85b,
85¢, 99a, 99b, 99c, 99d, 99e, 991, 99g.




The device of the invention can comprise, in addition, a zinc reduction enclosure 106, in
which the liquid 68 circulates at the outlet of the nitrate reduction enclosure 56.

In this case, the zinc reduction enclosure 106 comprises at least one electrolysis cell 110a,
110b, 110c, 110d, 110e, 110£.

It is preferred for each cathodic electrode 108a, 108b, 108¢ of the respective electrolysis
cells 110a, 110b, 110¢c, 110d, 110e, 110f to be produced by the compression of carbon particles
between two perforated plates116b, 116b' and for at least one electrode forming means 117 to be
inserted into the carbon particles and connected to the negative pole of a current generator.

It is highly preferred for each anodic electrode 109a, 109b, 109c, 109d of the respective
electrolysis cells 110a, 110b, 110c, 110d, 110, 110f to be produced by the compression of zinc
chips between two perforated plates 118a, 118a'; 118b, 118b' and for at least one electrode
forming means 119b, 119c¢ to be inserted into the zinc chips and cormected to the positive pole of
a current generator.

Also, the zinc reduction enclosure 106 can comprise at least three electrolysis cells 110a,
110b, 110c, 110d, 110e, 110f.

It is preferred for the zinc reduction enclosure 106 to be arranged vertically and for the
anodic electrodes 109a, 109b, 109¢, 109d and the cathodic electrodes 108a, 108b, 108c forming
the corresponding electrolysis cells 110a, 110b, 110c, 110d, 110e, 110f to be arranged
transversely over the entire width of the enclosure 106 so that all the liquid circulating in the
enclosure 106 traverses the electrolysis cells, the liquid inlet 110, 115 to be arranged in the lower
part of the enclosure 106, the liquid outlet 115 to be arranged in the upper part of the enclosure
106 and for the device of the invention, in addition, to comprise a recirculation pump 113
making it possible to ensure the circulation and recirculation of the liquid from the inlet 111, 115
to the outlet 112 by traversing all the electrolysis cells 110a, 110b, 110¢, 110d, 110e, 110f.

The enclosure 106 can comprise, in addition, a pH regulator that maintains the pH of the
liquid medium circulating in the zinc reduction enclosure 106 at a value above 7.

The method and the device of the invention can be used for treating any liquid medium
loaded with nitrates and also for treating the waters from the drainage of cultivation.

The invention will be understood better, and other purposes, advantages and
characteristics of the latter will become clearer following a reading of the following description
that is made with reference to the drawing in the appendix, in which:

- Figure 1 represents the history of the concentrations of nitrates in the liquid medjum as
a function of the treatment time, when zinc powder is used;

- Figures 2a and 2b represent the history of the nitrogen concentrations corresponding
with a factor to the concentrations of nitrates and nitrites in the liquid medium as a function of
the duration of the treatment with and without pH adjustment;




- Figures 3a and 3b represent the history of the nitrogen concentrations corresponding
with a factor to the concentrations of nitrates and nitrites in the liquid medium as a function of
the duration of the treatment depending on the frequency of adjustment of the pH;

- Figures 4a and 4b show the history of the nitrogen concentrations corresponding with a
factor to the concentrations of nitrates and nitrites in the liquid medium as a function of the
duration of the treatment according to the temperature of the reaction medium;

- Figure 5 represents the history of Ln[NO;] as a function of the duration of the
treatment;

- Figure 6 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment according to the nature of the metals used;

- Figure 7 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment according to the stirring speed of the liquid medium;

- Figure 8 represents the history of the Ln C/Co of nitrites as a function of the duration of
the treatment according to the stirring speed of the liquid medium;

- Figure 9 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment according to the pH of the liquid medium;

- Figure 10 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment according to the weight of the zinc powder used;

- Figure 11 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment depending on whether zinc used is in the form of a
powder or of chips;

- Figure 12 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment when zinc chips are used and according to the pH of the
liquid medium,;

- Figure 13 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment according to the initial concentration of nitrites;

- Figure 14 represents the history of the concentration of nitrites in the liquid medium as a
function of the duration of the treatment when the liquid medium is initially loaded with nitrates;

- Figure 15 represents the history of the Ln C/Co of nitrites as a function of the duration
of the treatment according to the weights and shapes of zinc used;

- Figure 16 represents the change of log d({NO,}/dt) as a function of log (Zn);

- Figure 17 represents the change of In d([NO,’]/dt) as a function of In(Zn) according to
the pH of the liquid medium;

- Figure 18 represents the history of Ln C/Co of nitrites as a function of the duration of
the treatment according to the pH of the liquid medium;

-10-
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- Figure 19 represents the change of log d([NO; J/dt) as a function of log (H*) according
to the pH of the liquid medium;

- Figure 20 represents the change of log d([NO, J/dt) as a function of log (NO*)
according to the pH of the liquid medium;

- Figure 21 represents the change of log d(INO,)/dt) as a function of log (NO*)
according to the pH of the liquid medium;

- Figure 22 represents the change of log d([NO;}/dt) as a function of log (NO*) at pH 4,

- Figure 23 represents the history of the concentrations of nitrates and of nitrites as a
function of the duration of the treatment when the liquid medium consists of drainage waters;.

- Figures 24a and 24b represent the change in the concentrations of nitrates and of nitrites
as a function of the duration of the treatment when the liquid medium consists of drainage waters
according to the temperature of the reaction medium and when the pH is adjusted every half
hour;

- Figures 25a and 25b represent the change in the concentrations of nitrates and of nitrites
as a function of the duration of the treatment when the liquid medium consists of drainage waters
according to the temperature of the reaction medium when the pH is adjusted every quarter of an
hour for the first hour of the treatment and then every half hour;

- Figure 26 represents the history of the concentration of nitrites as a function of the
duration of the treatment according to the pH of the liquid medium;

- Figure 27 is a schematic representation of the device of the invention according 1o a first
embodiment;

- Figure 28 represents the history of the concentration of nitrites as a function of the
duration of the treatment according to the pH and the weight of the zinc chips used when the
liquid medium is treated in the device of the invention;

- Figure 29 represents the history of the concentration of nitrites as a function of the
duration of the treatment according to the pH and the weight of the zinc chips used when the
liquid medium is treated in the device of the invention;

- Figure 30 represents the history of Ln C/Co of nitrites as a function of the duration of
the treatment when the liquid medium is treated in the device of the invention;

- Figure 31 is a schematic representation of the device of the invention according to a
second embodiment;

- Figure 32 is a schematic representation of the device of the invention according to a
third embodiment when it also comprises a zinc reduction device; and

- Figure 33 is an enlargement of circled part marked XXXIII of Figure 32.
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The experimental conditions of the results presented in Figures 1-4 correspond to the use
of an aqueous solution having a volume of 250 mL containing nitrates in which 10 grams of zinc
in powder form have been added.

The initial pH of the solution of nitrates is 3.60, where this pH is obtained by the addition
of an appropriate quantity of hydrochloric acid to the solution.

In addition, this solution is subjected for the entire duration of the treatment to a
continuous stirring produced by a magnetic stirrer.

With reference to Figure 1, curve 1 representing the history of the concentration of
nitrates in a solution maintained at a temperature of 80°C, decreases from an initial concentration
of nitrates of 150 mg/L to approximately 15 mg/L after 2 h of treatment, which corresponds to a
conversion rate of 90%.

The results presented in Figure 1 show that nitrates can be reduced by zinc in solution.

The results of a parametric study, which makes it possible to detect the parameters that
influence the elimination of nitrates by zinc, to optimize the treatment conditions, are presented
in Figures 2-4.

To this effect, Figures 2-4 present the history of nitrogen concentrations corresponding
with a factor to the concentrations of nitrates and of nitrites, respectively, in the form of
histograms.

More specifically, the concentrations of nitrates are obtained by multiplying the nitrogen
concentration by four and the concentrations of nitrites are obtained by multiplying the nitrogen
concentration by three.

To this effect, Figures 2a and 2b present the history of nitrogen concentrations when the
solution is maintained at a temperature of 80°C and in said figures the black bars 3a 3b
correspond to the concentration of nitrates, and the gray bars 4a, 4b correspond to the
concentration of nitrites,

With reference to Figure 2a, a small reduction of the concentration of nitrates appears, as
well as a small increase in the concentration of nitrites for a treatment duration of 2.25 hours.

In the case of Figure 2b, the pH was maintained at a value under 6 by the addition of
hydrochloric acid to the solution during the treatment. A very clear difference in effectiveness
appears in terms of reduction of the nitrates between the results presented in Figure 2a and those
in Figure 2b since, in the last case, the concentration of nitrates is less than 200 mg/mL after
30 minutes of treatment and it is zero after one hour of treatment.

With reference to Figure 3a, the effectiveness of the treatment in terms of reduction of
nitrates in solution is illustrated by the black bars 5a, when the pH of the solution is maintained
ata pH of less than 6 by an adjustment carried out once every hour during the treatment and at a
temperature of the reaction medium of 20°C.

-12-
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In contrast, with reference to Figure 3b, when this pH adjustment is carried out every half
hour during the treatment, the concentration of nitrates, which is represented by the black bar, is
zero after one hour of treatment.

Thus, it is possible to obtain a total reduction of the nitrates within a short time period by
working at ambient temperature, if a pH adjustment allowing the maintenance of the solution at a
pH of less than 6 is carried out regularly during the treatment at least every half hour.

Figures 4a and 4b correspond to the history of the concentrations of nitrates, which are
illustrated by the black bars 7a, 7b, and of nitrites, which are illustrated by the gray bar 8a, when
the pH of the solution is maintained at a value below 6 during the treatment and for different
temperatures of the reaction medium. The results of Figure 4a correspond to a temperature of the
solution of 50°C and those of Figure 4b, ¢ to a temperature of the solution of 80°C.

It is evident that the rate of disappearance of the nitrates is greater at the temperature of
80°C than the rate of disappearance of the nitrates when this temperature is maintained at 50°C.

Indeed, after 30 minutes of treatment, the concentration of nitrates is less than 200 mg/L
when the temperature of the medium is 80°C, whereas, for a temperature of 50°C the
concentration of nitrates is nearly identical to the initial concentration of nitrates of
approximately 920 mg/L after half an hour of treatment.

The results presented in Figures 2, 3 and 4 demonstrate that the adjustment of the pH and,
more generally, the acidity of the reaction medium is a first parameter to be taken into
consideration in the method of the invention and that the temperature of the reaction medium is
alsoa parameter that influences the effectiveness of the treatment.

The results also show that it is possible to obtain a satisfactory reduction of the nitrates in
solution at ambient temperature provided that a regular pH adjustment is carried out.

Finally, these results show particularly that the addition of zinc in a liquid medium loaded
with nitrates achieves the total elimination of the nitrates, possibly in less than one hour of
treatment starting from a concentration of nitrates of more than 800 mg/L.

In addition, an assay by atomic absorption has shown that, under the conditions described
previously, the concentration of zinc in the solution after treatment remains less than 5 mg/L.

It is possible to express the reactions involved in the treatment by equations, which
include the functioning of the nitrates and of the zinc, where the latter functions as a reducing
agent, as follows:

13-
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NO, + Zn + 3H' - HNO, + Zn™ + Hy0
2HNO, + 22Zn + 4 H' = N,0 + 23n* + 3H0
2 NO,” + 3 2n + 8H" - N, + 4H,0 + 3Zn™
NO," + 3 Zn + BH*'— NH' + 2 HO + 3 2n*

According to the experimental results presented in Figures 1-4, the redox reaction
involving the nitrates and the zinc in an acidic medium results in the formation of nitrous acid
and thus of nitrites in solution.

The above-mentioned redox reactions consume protons, which is in conformity with the
above described results and demonstrates the need to maintain an acidic pH to ensure the total
reduction of the nitrate ions in solution within a satisfactory time period.

Thus, two steps can be considered, namely a first step consisting in converting the
nitrates into nitrites, and the second step which consists in converting the nitrites into nitrogen
protoxide.

Consequently, the reduction of the nitrites by zinc was studied to understand and to
optimize the reaction of reduction of the nitrates in its totality, particularly in view of the fact that
preliminary tests have shown a considerable difference between the rates of reduction of nitrates
and of nitrites, where the rate of reduction of nitrates is much greater than that of nitrites.

The method used to assay the nitrites in solution during the treatment is a colorimetric
assay by molecular absorption. spectrophotometry.

This method is standardized and its principle resides in the diazotation of amino-4-
benzenesulfonamide by nitrites in an acidic medium and its coupling with N-(1-naphthyl)-1,2-
diaminoethane dichloride that leads a purple colored complex, which can be assayed by
spectrometry.

The equilibrium between the nitrites and the nitrates can change rapidly and, therefore, it
is necessary to carry out the assay of the nitrites as soon as possible after sampling, using a
storage temperature of 4°C.

As far as the protocol is concerned, the readings are taken at the wavelength of 543 nm,
and the following reagents are used:

Orthophosphoric acid (d = 1.70) 100 mL

Diazotation reagents:

- 4-Aminobenzenesulfonamide 40g
- N-(1-naphthyl)-1,2-diaminoethane dichloride 2g
- Orthophosphoric acid 100 mL
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- Exchanged water q.8.p. 1000 mL

Stock calibration solution of nitrous nitrogen (NO;) at 300 mg/L

- Sodium nitrite 492.8 mg
- Exchanged water q.8.p. 1000 mL

Daughter standard solution of nitrous nitrogen (NO) at 1 mg/L
- Dilution 1/100 stock solution

The composition of the vials with a volume of 50 mL, which are used for the calibration

curves, is presented in the following Table 1:

Table 1
Numéro  des .
fioles T I II III v \'4 VI
@ Solution

fille &talon 0 1 2.5 5 7.5 10 15
a Img/l {ml)
Bau permutés .
(1) 50 49 47.5 45 42.5 40 35
[9-NO*)
(mg/1) 0 0.02 0.05 ¢.1 0.15 0.2 0.3
(N (mg/1)

0 0.07 | 0.16 0.33 0.49 0.656 | 0.99

Key: 1 Number of the vials
Daughter standard solution at 1 mg/L (mL)
Exchanged water (mL)

The following equipment is used:
- Spectrometer Cary 50 bio, UV visible

- LABMATE pipette with a volume of 1000-5000 L {sic] for manual regulation of the pH

and the collection of samples
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- pH meter Sartorius Professional Meter PP-15

- Teflon stirrer Eurostar digital IK (50-2000 rpm)

- Scale Sartorius LA 2308

- pH regulator CONSORT R305

The measurements of the reduction of the nitrites are carried out using an initial solution
having a titer of 1 g/L nitrites and they are carried out using sodium nitrite.

The reduction is carried out in a batch reactor, that is, in a beaker at ambient temperature.

The initial volume of the solution of nitrites is 1 L, and the pH is maintained constant
manually throughout the entire reaction by the regular addition of 2M hydrochloric acid.

The stirring of the solution is carried out with a Teflon magnetized bar, and zinc is added
to the solution of nitrites in the form of a powder.

The samples having a volume of 4 mL, which are collected at regular intervals, are
ﬁltemd, and then diluted by [a factor of] 1000 in a 500-mL vial to respect the calibration range
(INO,] from 0 to 1 mg/L).

50 mL are then collected from this last prepared solution and are introduced into a 50-mL
beaker, into which 1 mL of the above described reagent is added. '

Figure 5 presents the linear history, illustrated by the straight line 9, of the neperian
logarithm of the concentration of nitrites as a function of the duration of the treatment expressed
in minutes, when the pH of the solution is maintained at 5, for a weight of zinc of 10 g.

It is evident that the kinetics of the reduction of the nitrites at [sic; has] a partial order of
1 with respect to the nitrites, where the equation of the line is y = 0.4469 x + 7.5918.

From this line 9, it is possible to calculate K' in the following equation:

v (reaction rate) = k' [NO,.]

According to the results illustrated in Figure S, k' is equal to -0.4469 min™".

Figure 6 presents the history of the concentration of nitrates [sic; nitrites] expressed in
mg/L as a function of the duration of the treatment, expressed in minutes, for three metals of
different types, which are added to the solution of nitrites in stoichiometric proportions.

Curve 10 represents the history of the concentration of nitrites when 10 g of zinc powder
are added to the solution of nitrites; curve 11 represents the history of the concentration of
nitrates [sic; nitrites] when 8.54 g of iron powder are added to the solution of nitrites, and,
finally, curve 12 illustrates the history of the concentration of nitrites when 4.13 g of aluminum
powder are added to the solution.

In the case of aluminum, there is no decrease in the concentration of nitrites during the
treatment, and in the case of iron, although the concentration of nitrites decreases, this

concentration remains much higher than that obtained when one adds zinc.
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These results confirm the unexpected reducing potential of zinc on nitrites, since, with
aluminum, no reduction of the nitrates appears after one hour of treatment, in spite of a greater
reduction standard potential than that of zinc (E°(Zn) = -0.763 V and E°(A1) = -1.66 V) whereas
for iron, which has an intermediate standard potential (E° (Fe) = -0.44 V), a slight reduction of
the nitrates appears, which is much less than that obtained with zinc.

Figures 7 and 8 represent the history of the concentration of nitrites and of the neperian
logarithm of C/Co of nitrites, respectively, as a function of the duration of the treatment
expressed in minutes according to the stirring speed of the treated solution.

Curve 13 of Figure 7 corresponds to a stirring [speed] of 0.55 m/s, curve 14 corresponds
to a stirring [speed] of 0.825 m/s, and curve 15 corresponds to a stirring speed of 1.1 m/s.

One observes that the stirring speed has a considerable influence on the kinetics of
reduction, and that a minimum speed of 0.825 m/s is preferable so as not to limit the reaction
rate.

Considering that the method of reducing the nitrites comprises three steps, namely the
transfer of the nitrites towards the metal surface, the reaction on the surface, and the transfer of
the products towards the volume of the liquid, and that the last step can be neglected if one
considers that the totality of the nitrites is transformed into nitrogen, the transfer of the nitrites
towards the active surface is a purely physical process based on the concentration gradient as the

driving force, and the basic equation is the following:

a_ KAAC
dt

The equation can be integrated easily to obtain the following results:

The mass transfer coefficient — K will depend on the hydrodynamic conditions and thus
notably on the stirring speed of the liquid medium.

The results presented in Figure 8 are in conformity with the results of Figure 7, but they
are expressed to demonstrate the variation of the mass transfer coefficient, since line 16 of Figure
8 corresponding to a stirring speed of 0.55 m/s has the equation y = -0.1309x + 0.8922, line 17
corresponding to a stirring speed of 0.825 m/s has the equation y = -0.4826x + 0.8265, and curve
18 corresponding to a stirring speed of 1.1 m/s has the equation y = 0.4554x + 0.5543.
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It is evident that the results obtained for a stirring speed of 0.825 m/s and of 1.1 m/s are
nearly identical.

This can be explained by the fact that the minimum speed for achieving total suspension
has been reached; this speed can be estimated to be approximately 0.84 m/s (0.85 m/s for
particles having a diameter of 70 microns), where the minimum speed for particles of
500 microns can be estimated at 12 m/s, resulting in these particles remaining in the bottom of
the beaker with a certain movement.

Once the totality of the surface of zinc is available, there is no change in the behavior of
the system, that is between the results obtained at 0.825 m/s and at 1.1 m/s, which leads one to
consider the possibility that the key parameter is the contact surface of available zinc and
consequently that imparting turbulence to the flow starting at a certain threshold contributes
nothing in terms of the effectiveness of the method.

Figure 9 illustrates the history of the concentration of nitrites as a function of the duration
of the treatment, expressed in minutes, according to the pH of the solution.

In this figure, curve 19 corresponds to a pH equal to 11, curve 20 corresponds to a pH =
8,and curve 21 to a pH equal to 5. )

These results confirm that the reduction of the nitrites by zinc is more rapid at an acidic
pH and allows the obtention of a 100% conversion rate of the nitrites in relatively short reaction
times, that is, on the order of 16 minutes.

In contrast, when the pH is greater than 6, the reaction rate of the reduction of the nitrites
is considerably decreased, where this decrease can be explained by the decrease in the number of
protons in solution, and also by the formation of a precipitate of zinc hydroxide that deposits on
the zinc powder and considerably reduces the exchange surface area, the latter being an
important parameter in the method of the invention.

Figure 10, to this effect, presents the history of the concentration of nitrites as a function
of the duration of the treatment expressed in minutes, for different weights of zinc powder, and
thus for different exchange surface areas, in the solution of nitrites.

Curve 22 corresponds to a weight of zinc of 5 g, and curve 23 corresponds to a weight of
zincof 10 g.

It is evident that the higher the weight of zinc added to the solution is, the more the
duration required for the total reduction of the nitrites decreases, which can be explained notably
by the increase in the contact surface area between the zinc and the aqueous solution of nitrites.

It is industrially advantageous to work with zinc chips instead of zinc powder, notably to
prevent the presence of suspended zinc particles in the solution to be treated.

However, when zinc chips are used, it is preferred for the chips to contain 5% impurities,

and for chips that are soiled with grease to be degreased and rinsed with demineralized water.
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The experiments that have been conducted with zinc chips, and whose results are
presented below, consist in adding the zinc chips to a volume of 1.5 liters of a solution of nitrites
and to carry out the stirring of the solution of nitrites using a mechanical stirrer equipped with a
Teflon moving body.

Figure 11 illustrates the comparison between the history of the concentration of nitrites
expressed in mg/L, as a function of the duration of the treatment expressed in minutes, when the
zinc is used in the form of a powder, and the same history when the zinc is used in the form of
chips, for a pH in the solution maintained constant at 5 for the entire duration of the experiment,
where the stirring speed of this solution is 1.1 m/s.

Curve 24 corresponds to the use of zinc chips for an exchange surface area of 0.04 m?,
and curve 25 corresponds to the use of zinc powder for an exchange surface area of 4.14 m”.

From these two curves, it is apparent that the reduction of the nitrites is slower with zinc
chips, which can be explained by the decrease in the exchange surface area, which is
approximately 100 times smaller in the case of the chips compared to the case of the powder.

However, the decrease in the exchange surface area resulting from the use of zinc chips
can be compensated by a lowering of the pH, as shown by the results presented in Figure 12.

In this figure, which represents the history of the concentration of nitrites as a function of
the duration of the treatment expressed in minutes, curve 26 corresponds to a pH of the solution
maintained at 5, curve 25 corresponds to a pH of the solution maintained at 4, curve 24
corresponds to a pH of the solution maintained at 3, and curve 23 to a pH of the solution
maintained at 2.

It results from these results that, by using zinc chips with an exchange surface area of
only 0.04 m” per liter of solution and with a stirring speed of 1.375 m/s, it is possible at pH 2 to
obtain a total reduction of the nitrite ions in a solution having an initial concentration of nitrites
of 1 g/L in a treatment duration of 80 min with a total consumption of 2M hydrochloric acid of
97 mL, which made it possible to maintain the pH at its initial value for the entire duration of the
treatment.

The increase in the reaction rate with a decrease in the pH of the solution of the nitrites is
in conformity with the results obtained previously with zinc powder and a solution loaded with
nitrates.

On the other hand, the rate of reduction of the nitrites is nearly identical, regardless of
what the initial concentration of nitrites is, as shown by the results presented in F igure 13, which
represents the history of the concentration of nitrites as a function of the duration of the treatment
expressed in minutes, in which curve 29 corresponds to the use of a solution of nitrites having an
initial concentration of nitrites of more than 2000 mg/L, curve 28 corresponds to an initial
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concentration of nitrites of approximately 1500 mg/L, and curve 27 to an initial concentration of
nitrites of 1000 mg/L.

Curves 27-29 correspond to treatments carried out at a pH of 2, which is adjusted for the
entire duration of the treatment, with a weight of chips of 15.79 g corresponding to an exchange
surface area of 0.04 m? per liter of solution and a stirring speed of 1.375 m/s. According to the
results of Figure 13, regardless of what the initial concentration of nitrites is, the total reduction
of the nitrites in solution is obtained in an approximately identical treatment duration of 60 min.

Tests with zinc chips were also carried out using a solution loaded with nitrates at an
initial concentration of 1 g/L and prepared from potassium nitrate.

The reduction is carried out in a batch reactor, in which 15.79 grams of zinc chips are
added to the nitrate solution having a volume of 1 L.

The pH is maintained constant manually at a value of 2 for the entire duration of the
treatment by the regular addition of 2M hydrochloric acid.

The treatment is carried out at ambient temperature, and Figure 14 presents the history of
the concentration of nitrites in the solution of nitrates as a function of the treatment duration,
expressed in minutes.

According to the results of Figure 14, the concentration of nitrites during the first 25 min
of treatment increases to reach a maximum concentration of approximately 280 mg/L, and, after
75 min of treatment, a reduced concentration of nitrites of 0.5 mg/L.

A complementary measurement of the concentration of nitrates after 75 min of treatment
shows a final concentration of nitrates of 0 mg/L.

These results confirm the reduction of the nitrates and of the nitrites by the addition of
zin chips to a solution of nitrates at ambient temperature and at an acidic pH.

Figures 15-22 illustrate experimental results, which explain the phenomena induced by
the presence of zinc in a solution of nitrates and which were conducted to determine the
parameters involved in the reduction reactions.

Indeed, the reduction kinetics depend directly on the reactions on the surface of the zinc,
and also on the events of transfer of the nitrite ions towards the zinc.

When the speed of total suspension of the particles of zinc, in the case of the use of zinc
powder, is reached, the transfer of the nitrite ions in the liquid towards the zinc is limited by the
diffusion. The transferred flow is written as follows:
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Figure 15 represents the history of In (C/Co) as a function of the treatment duration
expressed in seconds for different weights and shapes of zinc, namely powder and chips, and
thus for different contact surface areas.

Line 30 of Figure 15 corresponds to the use of zinc chips with a contact surface area of
0.004 m?, line 31 corresponds to the use of zinc powder with a contact surface area of 2.07 m’,
and line 32 illustrates the results obtained with zinc powder with a contact surface area of
414 m’.

The slope of each line represents the product K x S, which can be used to determine K
provided that the surface area can be determined.

When zinc is used in the powder form, the calculations of the surface are approximate
because this powder consists of a mixture of spherical particles having diameters between 10 and
500 micrometers.

The estimate of the surface area is based on the median diameter indicated by the
granulometer.

For the chips, the estimate of the surface area is made from measurements of the surface
area and of the weight.

Considering the stirring regimen to be correct, it is possible to obtain a first estimate of
the matter transfer coefficients, as presented in the following Table 2.

Table 2
Zinc weight Exchange surface area KS K
® (m”) ) (m’s™)
Powder 5 2.07 2.5:107 1.208-107
10 4.14 710° 1691107
Chips 15.79 0.00395 510 1.266:107

Based on these results, the transfer coefficient for the chips is very similar to the one
obtained with the powder, which implies that the hydrodynamic conditions are similar and thus
that onc cannot consider the effects observed to be due only to the chemical kinetics.
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As far as the reaction of reduction of the nitrites on the surface of the zinc is concemed,
this reaction is heterogeneous, irreversible and characterized notably by a nitrogen degassing.
The partial orders with respect to each constituent correspond to the stoichiometric coefficient.

It is thus necessary to determine the partial orders with respect to each constituent, and it
is sufficient for this purpose to isolate each constituent using the isolation method of Ostwald,
which consists in using a large excess of all the reagents with respect to each constituent studied.

The basic reaction, taking into account all the possible interactions, can be presented as
follows:

aNO/+bH +ec2n — > N, +dNHOH + £ H0 + c 2n*

In this equation, the possible, but not demonstrated, formation of NOx is not taken into
account.
The reaction rate of the nitrites can be expressed as follows:

®

-*d[N';t) 2']' = k (N0, 1°2e°[H')%= k' [NO,]® avec k'= k Zn°[H']®
Key: 1~ With

By carrying out experiments with constant concentrations for the constituents other than
the nitrites, it is possible to determine the partial order with respect to the nitrites.

As far as zinc is concerned in the study, since the reaction on the surface is
heterogeneous, the comparison must be made using a single type of zinc, and assuming that the
available surface area of zinc is proportional to the weight of the zinc.

Tests were carried out with zinc powder at the concentrations of 5 g/L and 10 g/L at two
different pHs, 4 and 5, respectively.

The results are presented in Figure 16 in which line 33 represents the change of log
d[NO,]/dt as a function of log (Zn).

These results should show a slight difference at the level of the ordinate at the origin, but
small concentrations of protons have an insignificant effect.
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The partial order with the zinc chips at pH 2 and pH 3 was also studied, and the results
are presented in Figure 17 in which, as in Figure 16, log d[NO,)/dt is expressed as a function of
tog (Zn), and in which line 34 corresponds to a pH of 3 and curve 35 corresponds to a pH of 4.

From these results representing the speed of reduction of the nitrites as a function of the
pH with the same weight of zinc, one gets ¢ = 0.744 and k' = 0.093. ‘

The partial order with respect to the nitrites with the zinc chips varies slightly with the
pH, but an average of 0.749 is indicated, which is in agreement with the preceding result.
Naturally, this same constant is not found for the two pH values studied.

As far as the study of the pH is concerned, this study was carried out successively with
zinc powder and with zinc chips.

The results are expressed in Figure 18, which expresses the history of Ln (C/Co) of
nitites as a function of the duration of the treatment, and in which curve 63 corresponds to a pH
of 5, curve 37 corresponds to a pH of 4, curve 38 corresponds to a pH of 3, and finally, curve 39
corresponds to a pH of 2.

The calculation of the equation of these curves shows that the correlations Ln(C/Co) =
f{t) are not lines and that, consequently, from this first approximation and using the theory of
Van't Hoff, the reaction cannot have a partial order of 1 with respect to the protons.

' In addition, a very noticeable differcnce in the behavior of the system appears between
pH 2 and pH 4 and 5, and this, with accordance to the representation in Figure 19, in which curve
40 represents the rate of reduction of the nitrites as a function of log [H+] for the pH of X, and
curve 41 corresponds to those of pHX.

The difference in the behavior for these two pH ranges originates in different reaction
mechanisms and it must lead to different proportions between the products of the reaction.

Indeed, the system evolves progressively from one mechanism towards another one, with
an important change at approximately pH 4. )

As far as the study for the nitrites is concerned, tests concerning the partial order for the
nitrites were carried out in two parts for two different pH values. '

Figure 20 represents the change of log d[NO;)/dt as a function of log [NO;] for 2
different pH values, namely a pH of 2, as illustrated by curve 42, and a pH of 3, as illustrated by
curve 43,

From this evaluation of the partial order with respect to the protons at low pH, it is
apparent that by increasing the pH, the partial order with respect to the nitrites decreases.

In the same step, the analysis of the reaction mechanism suggests the formation of
ammonium, whose concentration increases with the decrease in pH.

Kjeldahl nitrogen analyses confirmed this supposition, and the actual results are slightly
below the theoretical predictions, by approximately -15%.
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This difference is probably due to a partial stripping of ammonia between the time of the
collection of the sample and the time of the assay.

Figure 21 illustrates the results obtained under the same experimental conditions as those
whose results are represented in Figure 20, but here curve 44 corresponds to a pH of 4 [and curve
45]to a pH of 5.

According to these results, it appears that, if the pH is above 3.5-4, the change in the
mechanism occurs, and the partial order for the nitrates again approaches the one obtained at
pH =2, but the conditions being different, one does not obtain the same mechanism.

In addition, less ammonium was detected in the treated solution, which can be attributed,
on the one hand, to a reaction mechanism in which a part of the ammonium is used to reduce the
nitrites, using the zinc as catalyst, and on the other hand, to the stripping of the ammonia, which
accelerates with the change to neutral pH values.

In addition, the use of the zinc chips changes the given situation, since the small contact
surface area does not allow the zinc to play the dual role of reducing agent and catalyst.

Figure 22, in which curve 46 represents the history of the partial order with respect to the
nitrites with zinc chips at pH 4 demonstrates, in the dispersion of the points observed in this
figure, the change in priority as a function of the concentration of the intermediate products,
namely NO, and NH"",

This study of the chemical kinetics, which is illustrated by Figures 15-22, shows that the
more acidic the pH is, the more rapid the reduction is, but that at the same time, the formation of
ammonium is strongly promoted and more acid is consumed.

The possibility of accelerating the reaction while decreasing the formation of this product
resides in the use of a larger contact surface area when zinc chips are used.

While this study of the partial order detects key parameters in the reduction reaction,
these tests are all carried out on solutions prepared from sodium nitrate and nitrite.

This is the reason why tests are carried out on the reduction of nitrites and of nitrates in
drainage waters containing a high proportion of nitrates, and also containing a multitude of other
chemical elements, and the results of these tests are presented below.

Indeed, a verification must be conducted to determine whether the reduction of nitrates
by zinc is ensured in the presence of other mineral compounds that can also be reduced, such as
sulfates, and phosphates or other elements that can limit the reduction of the nitrates and of the
nitrites by deposition on the surface of the zinc.

The drainage waters that were treated present a nitrate concentration of 1.99 g/L.

These drainage waters are treated by the addition of 10 g of zinc powder in a volume of
250 mL of drainage water at a temperature of approximately 20°C, under magnetic stirring and at
an initial pH of 3.6, which is produced by the addition of hydrochloric acid.
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Figure 23 illustrates the results obtained in terms of the concentration of nitrates,
presented in the form of histograms in which black bars 46 correspond to the concentration of
nitrates and gray bars 47 correspond to the concentration of nitrites.

One notes that the total reduction of the nitrates and nitrites present in the drainage water
is reached after 3 h of treatment. i

This reduction time is slightly increased compared to the reduction time of the nitrates
and nitrites in an artificial solution which is loaded with nitrates, which can be explained by the
presence of interfering compounds that are present in the drainage waters.

Figures 24a and 24b show the influence of the treatment temperature on the reduction
time of nitrates and of nitrites in the drainage water with a pH which is adjusted every half hour
and maintained in this manner at a value of less than 6 by the regular addition of hydrochloric
acid.

In Figures 24a and 24b, the concentrations of nitrates are presented by black bars 48a,
48b, respectively, and the concentrations of nitrites are represented by gray bars 49a, 49b,
respectively.

Figure 24a corresponds to a temperature of the reaction medium of 20°C, and Figure 24b
corresponds to a temperature of the reaction medium of 80°C.

As in the case of an artificial solution of nitrates, an elevation of the temperature of the
reaction medium makes it possible to decrease the reaction time, where the reaction time was
reduced by approximately 3 h when working at 80°C compared to the results obtained at 20°C.

As with an artificial solution of nitrates, the regular adjustment of the pH of the reaction
medium remains an important parameter, which makes it possible to decrease the reaction time
and also to obtain a good reproducibility of the results.

To this effect, Figures 252 and 25b demonstrate the importance of the regular adjustment
of the pH during the reduction of the nitrates and nitrites in the drainage waters.

Figure 25a represents the results obtained in terms of concentration of nitrates, where the
results are represented by black bars 50a, and in terms of concentration of nitrites, where the
results are represented by gray bars 51a, when the temperature of the reaction medium is 20°C,
and when the pH is adjusted to a value of less than 6 every quarter of an hour for the first hour of
treatment, and then every half hour after the first hour of treatment.

Figure 25b represents the history of the concentration of nitrates, which is represented by
black bars 50b, and the change in the concentration of nitrites, which is represented by gray bars
51b, when the temperature of the reaction medium is 80°C with a pH adjustment identical to the
one corresponding to the experimental conditions of Figure 25a.

Again, one notes an improvement of the effectiveness of the treatment when the

temperature of the reaction medium increases and one also notes, by comparing the results of
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Figure 25a with those of Figure 24a, and by comparing the results of Figure 25b and Figure 25a,
that the more regularly the pH is adjusted during the treatment, the higher the reduction of the
nitrates and of the nitrites is.

The results are entirely in conformity with those obtained with an artificial solution of
nifrates.

Figure 26 shows the change in the concentration of nitrites in the drainage water, when
15.79 g of zinc chips are added to a solution of 1 L consisting of drainage water with a pH that is
maintained constant manually by the regular addition of 2M hydrochloric acid and at a stirring
speed of 1.37 m/s.

Curves 52, 53 and 54 of Figure 26 correspond to a pH of the solution that is maintained at
4,3, and 2, respectively, for the entire duration of the treatment.

According to these results, it is evident that the rates of formation and of reduction of the
nitrites in solution vary with the pH and that, when the pH decreases, these rates increase.

It also is evident that the maximum concentration of nitrites during the course of the
treatment is lower when the pH is maintained at 2, in comparison to a pH maintained at 3.

These results present the same trend as the resulis obtained with the zinc powder, since,
at pH 2, and as represented in Figure 26, the yield of conversion of the nitrites is 100% afier
75 minutes, and morcover, the concentration of nitrates after 75 minutes of treatment, which was
measured, is 1.78 mg/L; the latter value is in good compliance with the applicable release
standards.

The slowing of the reaction of reduction of the nitrates and of the nitrites, in comparison
to the artificial solution, is attributed to the presence of sulfates and of phosphates, which
participate in the induced reactions in the drainage waters.

With reference to Figure 27, the device of the invention, 55, according to another
embodiment, comprises a first treatment enclosure 56 made of stainless steel and having a
volume of 40 L and a useful volume of 36 L, whose lower part comprises a liquid inlet 57 and
whose upper part comprises a liquid outlet 58.

A recirculation pump 59 makes it possible to ensure the circulation of the liquid in the
enclosure 56 at a flow rate of approximately 600 L/h from the liquid inlet 57 to the liquid outlet
58, from which the liquid circulates into a first pipe 66 to a first three-way valve 65 that allows
either the evacuation of the treated liquid 68 contained in the enclosure 56 by causing it to
circulate in a second pipe 69, or the circulation of said liquid in a third pipe 67 leading to the
pump 59.

From the pump 59, the liquid then circulates in a fourth pipe 64 to a second three-way
valve 60, and then in a fifth pipe 63 leading to the liquid inlet 57.
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The filling of the enclosure 56 at the beginning of the treatment is carried out by causing
the liquid to be treated 61 to circulate in a sixth pipe 62, and then in the fifth pipe 63 through the
second three-way valve 60.

In the first treatment enclosure 56, a zinc layer 70 having a height of approximately
10 ¢m, prepared by the compression of zinc chips 70a between two perforated plates 71, 72, is
arranged transversally in the low part of the first enclosure 56 over the entire width of the
enclosure 56 so that all the liquid circulating in the enclosure traverses the zinc layer 70.

The stirring of the liquid layer in the enclosure 56 is ensured by a stirrer 73 comprising a
vertical rod 74, whose rotation is ensured by a motor 75 to which this rod 74 is connected, and
two stirring biades 76, 77, which are integrally connected to the vertical rod 74 and arranged
below and above the zinc layer 70, respectively, thus defining the first stirring zone 78 and the
second stirring zone 79 of the liquid.

The maximum stirring speed of the stirrer 73 in the device of the invention according to
the first embodiment is 0.84 m/s,

The pH of the first stirring zone 78 is controlled by a pH probe 80 traversing the
enclosure 56 at the level of the zone 78 and it is adjusted by a pH adjustment means 81, which
allows the addition of 35% by weight hydrochloric acid to the liquid which circulates in the
enclosure 56.

+-Thus, the liquid medium to be treated circulates at least once in the enclosure 56 by
traversing the layer of zinc chips 70a, and by being subjected to permanent stirring and to pH
regulation.

Figure 28 illustrates the results obtained in terms of concentration of nitrites when a
solution having an initial concentration of nitrates is [sic; of] 2 g/L is treated in the device 55,

* which is represented in Figure 27, with a flow rate of 1500 L/h, ensured by the pump 59.

Curve 82 corresponds to a treatment during which the pH is maintained at 2 and in which
6000 g of zinc chips are used to prepare the zinc layer 70.

Curve 83 corresponds to a treatment in which the pH is maintained at 3 and in which
5000 g of zinc chips are used to prepare the zinc layer 70.

One notes that the total reduction of the nitrites is obtained at pH 2 with a weight of zinc
of 6000 g after 90 min of treatment.

According to curve 83, by maintaining the pH of the solution at 3 with a weight of zinc of
5000 g, the produced peak of nitrites presents a delay of approximately 100 min compared to the
peak of nitrites of curve 82.

An increase in the weight of zinc based on a ratio of available zinc surface area/volume
of liquid treated would make it possible to increase the effectiveness of the treatment even
further.
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Figure 29 illustrates the history and the concentration of nitrites in drainage waters
having an initial concentration of nitrates of 1.99 g/L, when these drainage waters circulate in the
device of the invention 55, which is represented in Figure 27 and for a rate of circulation of the
liquid in the enclosure 56 of 360 L/h.

* With reference to Figure 29, curve 84 corresponds to a pH maintained at 3 for a weight of
zinc of 6000 g, curve 85 corresponds to a pH maintained at 3 for a weight of zinc of 758 g, curve
86 corresponds to a pH maintained at 3 for a weight of zinc of 1516 g, curve 87 corresponds to a
pH maintained at 3 for a weight of zinc of 378 g, and finally, curve 88 corresponds to a pH
maintained at 2 for a weight of zinc of 6000 g.

According to these curves, it is evident that the increase in the weight of zinc and the
decrease of the pH make it possible to increase the effectiveness of the treatment.

Indeed, at a pH of 2 and for a weight of zinc of 6000 g, as illustrated by curve 88, a
treatment of 105 minutes make it possible to obtain drainage waters having a zero concentration
of nitrites and a measured concentration of nitrates of 27 mg/L, which is below the threshold of
50 mg/L.

Consequently, the device of the invention makes it possible, from drainage waters which
are loaded with approximately 2 g/L nitrates, to reduce nearly all the nitrates by the obtention of
a final concentration of nitrates of less than 30 mg/L, while completely eliminating the nitrites
formed during the reaction of reduction of the nitrates by the zinc.

Table 3 presents the exchange surface area between the zinc and the solution when zinc
chips are used, in comparison to the use of zinc powder.

Table 3
Type Quantity Total surface area Surface area per liter KA
(m?) (m’/L)

Powder 10g 4.14 4.14 0.414
378 g 0.624 0.0156 0.0037
Zine chips 758 ¢ 1.248 0.0312 0.0075
1516 ¢ 2.504 0.0626 0.015

6000 g 10 0.25 0.06

Figure 30 represents the history of the Ln of (C/Co) of nitrites with respect to the duration
of the treatment expressed in minutes and the equation of line 88, obtained from Figure 9, which
is y =-0.0523 x -1.3604, makes it possible to calculate the coefficient of exchange in the device
of the invention, which coefficient is 0.006 kg/m’s.
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Figure 31 represents the device 55 of the invention according to a second embodiment in
which the liquid inlet and outlet system of the enclosure 56 as well as the system for the
recirculation of the liquid in the enclosure 56 involving the liquid inlet 57, the liquid outlet 58,
two three-way valves 60, 65 and the pump 59 are identical to those of the device of the invention
according to the first embodiment represented in Figure 27 as well as the filling and emptying
system of the enclosure 56.

The device represented in Figure 31 comprises three transverse layers of zinc 85a, 85b,
85c having a height of less than 10 cm, which are regularly distributed over the entire height of
the enclosure 56 so that the liquid circulating in the enclosure 56 circulates through the three zinc
layers 85a, 85b, 85¢, which are produced by the compression of zinc chips between two
perforated plates 86a, 86a'; 86b, 86b'; 86¢, 86¢', respectively, where each layer of zinc chips 85a,
85b, 85¢ presents a height between 7 and 10 cm.

Just as for the device represented in Figure 27, the stirring of the liquid medium is
ensured by the stirrer 73, which consists of the vertical rod 74 connected to the motor 75 that
ensures the rotation of the vertical rod and of three stirring blades 90a, 90b, 90c, which are
integrally connected to the vertical rod 74 and arranged, respectively, in the stirring zones 92a,
92b, 92c located above each zinc layer 85a, 85b, 85¢, respectively.

At the level of the liquid inlet 57, a pH probe 91 is connected to a pump 92, which can
inject hydrochloric acid into the pipe 63 that opens on the liquid inlet 57 by causing the acid to
circulate through a pipe 93 and a two-wave valve 931 controlled by a control enclosure, not
shown, which is connected to the probe 91 and to the pump 92.

Thus, if the pH is too high in the lower zone of the enclosure 56, that is, under the first
zinc layer 85a, an appropriate quantity of hydrochloric acid is injected into the enclosure 56, at
the level of the liquid inlet 57.

In each stirring zone 92a, 92b, 92¢, a pH probe 93a, 93b and 93c, respectively, measures
the pH and is connected to an enclosure 94 connected to a pump for the injection of hydrochloric
acid 95.

If one of the probes detects, or if the probes 93a, 93b, 93¢ detect, an increase in the pH,
the pump 95 controlled by the enclosure 94 sends an appropriate quantity of hydrochloric acid
through a principal pipe 96 and the pipe 97a, 97b and/or 97c connecting the pipe 96 to the
stirring zone 92a, 92b, 92¢, in which the pH probe 932, 93b, 93¢, respectively, detected an
increase in the pH.

Each pipe 97a, 97b, 97¢ comprises a corresponding two-way valve 94a, 94b, 94¢
controlled by the enclosure 94 and allowing the hydrochloric acid circulating in the pipe 97a,
97b, 97c to be injected in the corresponding stirring zone 92a, 92b, 92c.
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Finally, a nitrate detector 98 makes it possible to measure at any time during the
treatment the quantity of nitrates present in the upper zone of the enclosure 56 of the device of
the invention.

With reference to Figure 32, the first treatment enclosure 56 of the device of the
invention according to a third embodiment comprises seven zin layers 99a, 99b, 99¢, 99d, 99,
991, 99g produced in the same manner as the zinc layers 85a, 85b, 85¢ of the device of the
invention, and which are shown in Figure 31.

The device represented in Figure 32 comprises seven corresponding stirring blades 100a,
100b, 100c, 100d, 100e, 100f, 100g arranged in each stirring zone 99al, 99b1, 99¢1, 99d1, 991,
9911, 99g1, respectively, where each zone is located above each corresponding zinc layer 99a,
99b, 99c¢, 99d, 99e, 991, 99¢.

The pH adjustment system in the enclosure 56 is identical to the one represented in
Figure 30, except that the pH probes 93a, 93b, 93¢ and the acid supply pipes 97a, 97b, 97c,
respectively, are arranged in one stirring zone out of two,

The pH adjustment system at the level of the lower part of the enclosure 56 is not
represented in Figure 32, but it can be present and arranged in the same manner as on the device
represented in Figure 30.

Just as for the first embodiment and the second embodiment of the invention, the
recirculation of the liquid is ensured by the pump 59, the first pipe 66, the third pipe 67, the
fourth pipe 64 and the fifth pipe 63, and the introduction of the liquid to be treated, 61, in the
enclosure 56 is ensured by the sixth pipe 62, the three-way valve 60 and the fifth pipe 63.

The device represented in Figure 32 comprises a liquid outlet 103, which is independent
of the system for the recirculation of the liquid, and opens into a pipe 105 through which the
treated liquid 68 circulates when a two-way valve 104, which is arranged at the level of the pipe
105 is open, where the control of the two-way valve 104 is not shown in Figure 32.

The treated liquid 68 can comprise a certain quantity of zinc in solution, originating from
the presence of the zinc chips in the enclosure 56 and from the circulation of the liquid through
the zinc layers 99a-99g.

However, the methods and devices of the invention are intended to purify a liquid loaded
with nitrates without polluting it by other components, so that it is not harmful to the
environment.

Thus, to reduce the quantity of zinc in solution that may be present in the treated solution
68, the device of the invention 55 according to a third embodiment comprises, in addition, a
second treatment enclosure 106 connected to the first enclosure 56 by the pipe 105.

The second treatment enclosure 106 for treating a volume of 1 L comprises three cathodic
electrodes 108a, 108b, 108¢c and four anodic electrodes 109a, 109b, 109¢, 109d, which are
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arranged alternately and transversely in the enclosure 106 over the entire width of the enclosure
106, forming six electrolysis cells 110a, 110b, 110c, 110d, 110e, 110f, respectively, of the same
height and distributed regularly over the entire height of the enclosure 106.

The treated liquid 68 in the first enclosure 56 circulates in the pipe 105 and penetrates
into the lower part of the enclosure 107 by traversing a first liquid inlet 111, and then it circulates
in the enclosure 106 from the lower part of the enclosure 106 by traversing the six electrolysis
cells 110a, 110b, 110c, 110d, 110e, 110f up to the upper part of the enclosure 106 comprising a
liquid outlet 112.

The circulation of the liquid through the electrolysis cells of the enclosure 107 is ensured
by a recirculation pump 113.

Thus, the liquid exits from the enclosure through the outlet 112 and it circulates in a pipe
112a through a three-way valve 114, in the pipes 114a and 113a, and then it penetrates again into
the enclosure 107 through a second liquid inlet 115 also arranged in the bottom part of the
enclosure 107.

The liquid can thus circulate several times through the series of electrolysis cells in the
enclosure 107, and the flow rate of the pump is approximately 0.5 mv/s.

At the level of the upper part of the enclosure 106, a pH probe 120 is connected to an
enclosure 121 that controls an injection pump 122 for sodium hydroxide that, when the probe
120 detects a drop in the pH, circulates in pipe 122 opening into the upper part of the enclosure
106.

With reference to Figure 33, which is an enlargement of the circled part of Figure 32 and
which represents two electrolysis cells 110c, 110d, the cathodic electrode 108b is produced by
the compression of carbon particles between two perforated plates 116b, 116b', in which a
perforated metal plate 117 is inserted while being connected to the negative pole of a current
generator, which is not shown.

The anodic electrodes 109b, 109¢ are produced by the compression of zinc chips between
two perforated plates 118a, 118a’; 118b, 118D/, respectively, and a perforated metal plate 119b,
119c¢ is inserted in the zinc chips while being connected to the positive pole of the current
generator.

The perforated plates 118a, 118a"; 118b, 118b'; 116b, 116b' are in the form of meshes
making it possible to prevent the presence of carbon particles, or zinc chips in the solution.

The generator delivers a voltage of approximately 2 volts with a current intensity
between 1.5 and 1.8 amperes per liter of solution.

Naturally, the structure of the anodic and cathodic electrodes described with reference to
Figure 33 applies to all the electrodes represented in Figure 32.
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Table 4 represents the results in terms of reduction of the zinc concentration in the
enclosure 106 as a function of the pH of the solution circulating in the electrolysis cells 110a,
110b, 110c, 110d, 110e, 110f, of the initial zinc concentration in the liquid 68, and of the
geometry of the anodic electrode.

Table 4
Test No. Zinc pH Geometry of | Geometry of | Final zinc Remarks
concentration the anodic the cathodic | concentration
electrode clectrode
1 8g/L 4.5-5 plate voluminal - Test stopped after 90 min
(strong odor of chlorine)
2 8g/L 10-10.5 plate voluminal - A large part of the Zn
remains in the form of a
deposit at the bottom of the
enclosure
3 1g/L 10-10.5 plate voluminal - After 5 h, a deposit of zinc
remains at the bottom of the
enclosure
4 8oL 455 voluminal voluminal 3glL Change in the appearance of
the zinc chips
5 $g/L 10-10.5 |  voluminal voluminal 15 mg/L Duration of the test 4 hours
- no deposit of zinc at the
bottom

The cathodic electrode used in the five tests corresponds to the one described above with
reference to Figures 32 and 33.

With regard to the geometry of the anodic electrode, the anodic electrode identified as
"plate” in Table 4 consists of a simple perforated zinc plate connected to the + pole of the
generator.

For tests 4 and 5, the anodic electrode used and mentioned as "voluminal" corresponds to
the one described above with reference to Figures 32 and 33.

Test No. 1 was stopped after 90 minutes because of a strong odor of chlorine which
evolved from the enclosure 106; test No. 2 did not yield a valid result because zinc was found in
the form of a deposit at the bottom of the enclosure 106, and similarly for test No. 3, where, after
5 h of treatment, a deposit of zinc formed on the bottom of the enclosure 106.

In contrast, test No. 4, in which the initial zinc concentration in the liquid 68 is 8 g/L,
made it possible, at a pH between 4.5 and 5 and working with the voluminal anodic and cathodic
electrodes, to end up with a solution in which the zinc concentration is 3 g/L. However, it was
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noted during the course of this test, that the appearance of the zinc chips constituting the anodic
electrode had changed.

With regard to test No. 5, for an initial zinc concentration of 8 g/L. in the liquid 68, a pH
between 10 and 10.5, and anodic and cathodic electrodes in conformity with those described with
reference to Figure 33, the final zinc concentration is 15 mg/L after four h.

Therefore, it is evident that it is necessary to work with anodic and cathodic electrodes in
conformity with those described with reference to Figures 32 and 33, and that the pH of the
solution which traverses the electrolysis cells 110a, 110b, 110c, 110d, 110e, 100f [sic; 110f]
must preferably be greater than 7.

Thus, the device 55 of the invention allows, in the first enclosure 56, a considerable
reduction in the quantity of nitrates present in the drainage waters and, in the second enclosure
106, which is connected in series to the first enclosure 56, the elimination of the residual zinc
that can remain in solution in the treated solution 68, which makes it possible, highly
advantageously, (o obtain a solution with a concentration of nitrates and of zinc which s entirely
appropriate for disposal in the environment.

As described above, the method and the device of the invention make it possible to
reduce the concentration of nitrates to a value below 50 mg/L, which value corresponds to the
potability threshold that was fixed in France, the potability threshold being at present fixed at
25 mg/L. .

Naturally, the concentration of nitrates obtained by the method and the device of the
invention being much less than 50 mg/L, the invention also applies to potability thresholds fixed
at a value below 50 mg/L.

Of course, the device of the invention is not limited to the above described embodiments
and particularly the device 55 can comprise a multitude of zinc layers, preferably having a
limited thickness and, in the same manner, the device 106 can comprise a multitude of
electrolysis cells.

Thus, the volume of the enclosure 106 can be identical to the volume of the enclosure 56,
which makes it possible advantageously to completely empty the liquid contained in the
enclosure 56 into the enclosure 106.

In addition, depending on the volumes of the first enclosure 56 and the second enclosure
106, the person skilled in the art will adapt an optimal circulation flow rate of the liquid for each
one of these devices.

Finally, the second treatment enclosure 106, although it has been presented as reducing
the quantity of zinc in the liquid 68 previously treated in the enclosure 56 for the reduction of the
nitrates, can be used independently of the enclosure 56 to reduce or to eliminate, in general, the
zinc that is contained in any liquid medium, which may or may not have been treated previously.
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S
o THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
<
2 1. A method of chemically treating an aqueous liquid medium, loaded with nitrates
9 for reduction of its nitrate level, comprising the steps of!
5 (a) contacting zinc with said liquid medium by addition of zinc into the liquid
medium whose pH is maintained af less than 4, by which the nitrates are reduced into
o0 P
g nitrites and the nitrites are further reduced into nifrogen, and
% (b) electrolysis of the liquid medium treated in the first step (a), by which the
~N residual zine of the treated liquid medium is eliminated.
= 0 -
o
8 2. The method as claimed in claim 1, wherein the pH of said liquid medium is

maintained by a regular addition of a quantity of acid to the liquid medium throughout
the entire reaction, allowing the maintenance of the solution at pH less than 4.

15 3. The method as claimed in claim 2, wherein the acid is hydrochloric acid.

4. The method as claimed in any one of claims 2 or 3, wherein the pH adjustment
is carried out every half hour for the duration of the treatment.

20 5. The method as claimed in ‘any one of the preceding claims, wherein the zinc is
in the form of 2 powder or of chips.

6. The method as claimed in claim 5, wherein the ratio by weight between the zinc
and the nitrates in solution is at least 5.

25
7. The method as claimed in any one of the preceding claims, wherein the liquid
medium is subjected to stirring carried out by pulses or static mixers.

8, The method as claimed in any onc of the preceding claims, wherein the
30 electrolysis step consists in causing the liquid medium to circulate in at least one
electrolysis cell in which a current circulates betwesn two electrodes, an anodic

electrode and a cathodic electrode, respectively.

9. A device for chemically treating a liquid medium loaded with nifrates,
35 comprising :
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(a) at least one liquid nitrate reduction enclosure, which comprises a liquid inlet,
at least one zinc layer, a means for the circulation of said liquid medium through said
zinc layer, and a liquid medivm outlet of the enclosure, the pH of the liquid medium
being less than 4, and in addition,

5 (b) a pH regulator to allow maintenance of the liquid medium at a pH of less
than 4;
(¢) a zinc reduction enclosure, in which the liquid circulates at the outlet of the

19 Mar 2010

nitrate reduction enclosure, the zinc reduction enclosure comprising at least one
electrolysis cell.
10

10.  The device as claimed in claim 9, wherein the nitrate reduction enclosure is

2004280268

arranged vertically and comprising at least one zinc layer which is transversely
arranged over the entire width of the enclosure and which is produced by the
compression of zinc chips between two perforated plates wherein the liquid inlet is

15 arranged in the lower part of the enclosure, wherein the liquid outlet is arranged in the
upper part of the enclosure, and comprising, in addition, a recirculation pump making it
possible to ensure the circulation and the recirculation of the liquid from the inlet to the
outlet by traversing all the zinc layers.

20 11.  The device as claimed in claim 9, wherein the enclosure comprises a system for
stirring the liquid making it possible ta stir the liquid eirculating in the enclosure above
each zinc layer by forming a corresponding stirring zone,

12, The device as ¢laimed in claim 10, wherein at least one stirring zone out of two
25 is connected to the pH regulator.

13.  The device as claimed in claim 11, wherein the pH regulator comprises at least
one probe that measures the pH in the cortesponding stirring zone, a control enclosure
and an acid circulation pump.

30
14, The device as claimed in claim 12, wherein the pH regulator maintains the pHin
the corresponding stirring zone between 2 and 3.

15.  The device as claimed in any one of claims 9 to 13, wherein the enclosure
35 comprises at least three zinc layers.
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16.  The device as claimed in any one of claims 9 to 14, wherein a cathodic electrode
of the respective electrolysis cells is produced by the compression of carbon particles
between two perforated plates and wherein at least one electrode forming means is

19 Mar 2010

inserted into the carbon grains and connected to the negative pole of a current
S generator,

17. The device as claimed in any one of claims 9 to 15, wherein an anodic electrode

of the respective electrolysis cells is produced by the compression of zinc chips

between two perforated plates and in that at least one electrode forming means is
10 inserted into the zinc chips and connected to the positive pole of a current generator.

2004280268

18.  The device as claimed in any one of claims 9 to 16, wherein the zinc reduction
enclosure comprises at least three electrolysis cells.

15 19.  The device as claimed in any one of claims 15 to 17, wherein the zinc reduction
enclosure is vertical and the anodic electrodes and the cathodic electrodes, which form
the corresponding electrolysis cells, are arranged transversely over the entire width of
the enclosure, so that all the liquid circulating in the enclosure traverses the electrolysis
cells, in that the liquid inlet is arranged in the lower part of the of the enclosure, in that

20 the liquid outlet is arranged in upper part of the enclosure, and in that the device of the
invention comprises, in addition, a recirculation pump making it possible to ensure the
circulation and recirculation of the liquid from the inlet up (a the outlet by traversing all
the electrolysis cells.

25 20.  The device as claimed in any one of claims 9 to 18, comprising a pH regulator
that maintaing the pH of the liquid medium circulating in the zine reduction enclosure
at a pH above 7,
21, Use of the method according to any one of claims 1-8 and of the device

30 according to any one of claims 9 to 20 for treating any liquid medium loaded with
nitrates.
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Editorial Note
Case #2004280268

Pages 36-38 have been left intentionally blank. The next page, containing
figures 1-3, is numbered page 39.
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