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(57) Abstract: In a first treatment step part of at least one difficulty biodegradable or non-biodegradable organic compound is
& Oxidized in polluted water by bringing said polluted water into contact with an ozone containing gas. The effluent is subsequently
N diluted with an aqueous liquid before a second treatment with ozone is carried out. If the concentration of the organic compound

is still not sufficiently low, the treated effluent is diluted again and subjected to a further treatment with ozone. It was found that a
more effective ozone treatment was obtained by the dilution or dilutions and that in particular no pH control was needed, so that no
formation of additional salts occurred.
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METHOD OF PURIFYING POLLUTED WATER

I PROBLEM TO BE SOLVED

It is virtually impossible to purify heavily polluted industrial effluent, charged
with a combination of organic chemical pollutants, completely to recyclable water by
means of the existing techniques. Particular examples in this case are effluents with
high to very high COD, TOC, MAH, VOCI and HCN values, occurring alone or in
combinations. The object of the invention is to offer a new method which permits a

complete purification of the effluent without the need of adding any additional salt load

to the water.

11. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a possible arrangement of components in the system used in the

present invention.

FIG. 2 shows test results for the evolution of the COD value.
FIG. 3 shows test results for the evolution of the HCN value.

I1I.  SPECIFIC COMPONENTS OF THE SYSTEM

In the system described hereinafter, ozone is either produced starting from
purified and strongly dried air (dew point <-65°C) or starting from oxygen (i.e. an
oxygen rich gas) with a concentration of 80 - 99 wt. %. In the following description,
when reference is made to air, such an air quality is meant whilst when reference 1s
made to oxygen, such an oxygen quality 1s meant.

In order to obtain a good, fast and complete reaction with ozone, a number of
specific components must be present. Figure 1 shows, by way of example, a possible

arrangement in which these components are present, more specifically the following

components:

1. The Ozone Injector (1).
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The gas injector ensures a uniform distribution of fine gas bubbles in the
water flow. Thanks to the maximum contact surface with the water, the finely
divided gas bubbles can dissolve the gas quickly in the water. Only in the
dissolved state, ozone, obtained from air or oxygen, can react with the harmful

5 constituents of the water. The injector consists of a gas filled ring, along the
inside of which a number of distributors are fitted, so that the ozone rich gas
mixture is uniformly distributed over the entire water section. The size of the
holes in the spray heads and the number of distributors depend on the gas flow
rate to be metered. The injector is preferably made in such a way that it results 1n

10  a narrowing of the section of the normal pipe diameter. By simultaneously
creating an increased turbulent flow and a narrowing, a sharp fall in the static
water pressure is locally produced. As a result of this, the ozone rich gas 1s
sucked in and is immediately intimately mixed with the water flow. The injector
is placed along the delivery side of the pump (4).

15 2. The gas contact system (2):

The purpose of the contact system is to allow the finely divided gas to
dissolve in water. To that end, the dissolved gas, already present 1n the water -
usually the result of, and thérefore in equilibrium with, atmo spheric air - is
partially degassed. This process of aeration - desaeration 1s dependent upon a

20 large number of physical parameters (salt content, temperature, alkalinity, ...),
but also upon the total and partial pressures of the gases concerned. In practice, it
is possible to act upon only a few of these parameters in order to increase the
solubility of ozone, namely the temperature, the total pressure and the partial
Pressures.

25 The temperature can be controlled by the use of intermediate tanks,
which, in function of the flow capacity to be handled, can cause the water flow to
cool down to the optimum value, which is a function of the solubility factor and
breakdown of the ozone molecule and of the dissolved constituents which can
crystallise at too low temperatures. The rule here is that the temperature should

30 be as low as possible to assure proper functioning of the ozone, but on the other

hand should remain sufficiently high in order to avoid precipitation caused by
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crystallisation. In practice, it is preferable to keep the temperature below 30°C,
but the process can be carried out without any problem up to 40 - 45°C, albeit

with reduced efficiency.
The total pressure of the system is maintained between 30 and 250 kPa,
5  preferably between 50 to 150 kPa. The partial pressure of the ozone gas mixture
is regulated during the production of ozone gas in the ozone generator. In the
method according to the invention ozone concentrations between 3 and 16 wt.-%

are preferably used.

The contact system consists of a system of pipes fitted 1n a compact
10 manner (for example, a coil of pipes), which gives the water tflow the correct
physical characteristics to dissolve the gas in the best possible way. The
Reynolds number of the flow preferably lies in the turbulent region, with values

between 50,000 and 300,000.

3. The phase separator (3) or reaction vessel:
15 The phase separator has 4 functions:
a. The separation of the gas phase. This gas phase consists of gas which has

been expelled from the water (predominantly nitrogen), and of added ozone-
containing“gases which are no longer soluble. In addition, part of the CO;
formed in the reactions is also blown off. The gas blown off is approximately

20  equal to the amount of ozone-containing gas injected by means of the injector.

b. Pressure regulation for the entire system of phase separator/contact
system.
C. The creation of a retention time needed to allow the dissolved

oxygen/ozone to do its work, in this case to react with the impurities in the
25  water, before the water is again sent through the ozone injector and the gas

contact system.

d. The phase separator also has a pH regulating effect. Blowing off the

produced CO, prevents acidification of the water. Acidification is preferably

avoided since it hampers the process, especially if the pH drops below J.

30 4. The circulating pump (4):
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The circulating pump is used to circulate the water in the contact system
and the phase separator. The pump extracts the water from the phase separator
and forces it into the contact system. The ozone injector (1) is placed at the inlet
of the contact system. The circulating pump is preferably of the non-pulsating

5 type and is preferably one of the rotary positive-displacement pump types.

LTI-STEP PURIFICATION TECHNIQUE:

I11. DISCUSSION OF THE MU

The water is treated with the oxygen/ozone gas in at least two steps, but

generally in three steps. Contrary to what is generally assumed, this method
10  permits a complete degradation of the organic constituents to obtain, inter alia,

the elementary degradation products CO,, H,O, NO, and NOs.

1% step:
In the first step (carried out in the first section 1, 2, 3, 4 of the

15  purification plant) the effluent (5) is treated for one hour with a high dose of
ozone based on oxygen or air. The water is recirculated by means of a pump (4)
in such a way that a moderately turbulent flow is created in the ozone/water
contact system (2) and that there is a retention time*of 5 to 15 seconds.
Downstream of the pump, ozone is metered continuously in concentrations of 3

20 to 16 wt.-%, preferably 6 to 16 wt.-%. After the ozone-rich gas mixture is
dissolved, the water flows into a phase separator (3), where the ozone reacted out
in this step is separated from the water phase and the water saturated with ozone
and oxygen undergoes a reaction time of 100 to 200 seconds before the cycle
restarts.

25 A refreshment rate of 20 to 40 times per hour 1s applied.

The gas/water ratio is 10 to 25 (normal m° gas/m° water).

The pressure in the contact system and the phase separator is 30 to 250

kPa, preferably 50 to 150 kPa.

na

30 2 step:
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After the treatment in the first step, the water is diluted 2 to 4 times with
pure water (tap water), with purified water (6) or with effluent (7) of a different
origin (preferably containing more readily degradable organic material), and the
total volume is treated in the same way as in the first step (but this time in the

5 second section 1°, 2°, 3°, 4° of the purification plant).

The ozone containing gas which is used in this step is preferably
produced starting from oxygen. The ozone concentrations vary between 6 and
16 wt.-%. The applied pressure comprises 30 to 150 kPa.

A refreshment rate of 20 to 40 times per hour is applhied.

10 The gas/water ratio is 8 to 20 (normal m" gas/m3 water).

39 step:

If after the treatment in the second step the.concentration of the
difficultly biodegradable or non-biodegradable organic compound or compounds
15  has not yet dropped to below the detection limit and/or below the desired value,
the water is again diluted 2 to 4 times with pure water (tap water), with purified
water (6) or with effluent (8) of a different origin (preferably containing more
readily degradable organic material).*The total volume of effluent obtained is
treated for two hours with a dose of ozone and oxygen (this being in the third
20 section 17,27, 3”, 4” of the purification plant).
The ozone which is used in this step is preferably produced starting from
oxygen.
The water is recirculated by means of a pump (4”) in such a way that a
moderately turbulent flow is created in the gas/water contact system (2”) and that
o5  there is a retention time of 4 to 12 seconds. The various gas flows are added on
the delivery side of the pump.
After the ozone/oxygen gas has been dissolved, the water passes 1nto a
phase separator (3”*), where the gas which has been reacted out is separated from
the water phase, and the water saturated with ozone and oxygen undergoes a

30 reaction time of 200 to 500 seconds before the cycle begins again.



CA 02571367 2006-12-19
WO 2006/000591 PCT/EP2005/053044

6

The pressure in the contact system and the phase separator is 30 to 150
kPa , preferably 50 to 150 kPa. The applied ozone containing gas has preferably
an ozone concentration of 6 to 16 wt.-%.

A refreshment rate of 6 to 12 times per hour is applied.

5 The gas/water ratio is 4 to 10 (normaal m° gas/m> water).

In the above exemplary description of the three steps an ozone treatment
of one and two hours respectively is specified. It is clear that in practice tests
will be needed to determine what minimum treatment duration in the various
steps should be applied for a specific type of effluent and a specific purification

10  plant in order to obtain the envisaged effects. The invention is therefore not

limited to the above parameters given as examples.

IV. COMPARATIVE TESTS:

1. Test set-up
In order to carry out the test, use was made of a test set-up which

15  corresponds to the first part 1, 2, 3, 4 of the purification plant shown in Figure 1.
In order to dilute the water purified with ozone after a particular treatment step,

some of the water was removed and replaced with diluent water. The diluted

effluent was subsequently treated with“ozone again in the same purification set-

up.
20
Ozone injector: 150 grams per hour (ozone concentration 11.9% based on
pure oxygen); gas/water ratio: approx. 10 normal m’
gas/m’ water.
The gas contact system: formed by a water hose 8 m long and with a diameter of
25 25 mm.

Water volume pipe system: 4 1

Retention time: 6 s

Working pressure: 60 to 70 kPa

Phase separator: Water volume vessel of 90 1

30 Retention time: 135 s
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Working pressure: 60 to 70 kPa
Circulation pump:  Output of 35 to 40 /min
2. Carrying out the tests
Test sequence:
1. The vessel (3) of the test set-up is filled with a representative sample of
90 litres of the effluent to be treated.
2. Ozone generator is started up and circulating pump (4) is started up.
3. After 1 hour, the ozone generator is stopped, the circulating pump (4) 1s

stopped and 60 litres are drained off in such a way that 30 litres remain in the
vessel (3).

4, A quantity of 60 litres of the desired water (tap water or other lightly
polluted effluent) is added to the vessel (3) of the test set-up, in order to dilute
the water treated 1n the first step.

J. The ozone generator is started up and the circulating pump (4) is started
up.
6. After 1 hour, ozone generator is stopped, circulating pump (4) is stopped

and 60 litres are again drained off from the vessel (3).
7. A quantity of 60 litres of the desired diluent water (tap water or other

lightly polluted effluent) is added to the vessel (3) of the test set-up.

8. The ozone generator is started up and the circulating pump (4) is started
up.
9. After 2 hours, the experiment is stopped.

3. Test results
A number of characteristics of the original effluent to be treated.:
- COD: 1,100 to 1,800 mg/l
- HCN: 75 to 85 mg/l
- Benzene: approx. 2,000 ug/l
The effluent corresponded to water, wherein the combustion gases,

produced during the reticulation of polyurethane foams by means of the

§ e
- )!}“
™
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oxidation of hydrogen gas, were trapped. The effluent contained a large range of
difficultly degradable organic compounds, such as benzene (2,650 ug/l), toluene
(338 pg/l), ethyl benzene (8 ng/l), para-xylene and meta-xylene, (4.7 ug/l),
styrene (143 pg/l) and o-xylene (4 pg/l) (MAH). It emerged from tests that with
5 the method according to the invention, more particularly by use of the test
sequence described above, the content of all these difficultly degradable organic
compounds could be reduced to below the detection limit of 0.5 g/l Further
tests with ground water containing vinyl chloride, dichloromethane, trl,2-
dichloroethylene, 1,1-dichloroethane, cis1,2-dichloroethylene, trichloromethane,
10  1,1,1-trichloroethane, tetrachloromethane, trichloroethylene, 1,1.2-
trichloroethane, tetrachloroethylene, chlorobenzene, 1,3-dichlorobenzene, 1,4--
dichlorobenzene and 1,2--dichlorobenzene (VOCI) showed that the content of
these compounds could also be reduced to below the detection limit of 0.5 pg/l.
Hereinafter there will be more particularly a discussion of the results obtained
15  from measurement of the COD values and the HCN values after the treatment of
effluent coming from the reticulation of polyurethane foam.
A total of 6 tests with the following specifications was carried out:
-«#Test 1: no pH check, poor circulating pump (diaphragm pump), treatment of
the effluent lasts 4 hours and comprises the continuous addition of ozone with
20 existing ozone generator. :
- Test 2: no pH check, good circulating pump, treatment of the effluent lasts 8
hours and comprises the continuous addition of ozone with existing ozone
generator.
- Test 3: pH check by addition of NaOH (guide point pH 7 to 8), treatment of the
o5  effluent lasts 7 and 8 hours respectively and comprises the continuous addition
of ozone with existing ozone generator.
- Test 4: test was carried out according to the above test sequence, with the
addition in step 4 of 60 litres of effluent with COD of 42 mg/1 (light nitrogen and
phosphorus pollution) and in step 7 of 60 litres of tap water.
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_ Test 5: test was carried out according to the above test sequence, with the
addition in step 4 of 60 litres of effluent with COD of 127 mg/l (chlorinated
products such as vinyl chloride) and in step 7 of 60 litres of tap water.
_ Test 6: test was carried out according to the above test sequence, with the
addition in step 4 of 60 litres of tap water and in step 7 of 60 litres of tap water.
The test results for COD and HCN are given below for the various tests.
The percentages indicate the reduction relative to the original value, with the
dilution effect being taken out by way of a back calculation.
Example: the COD value of the purified water after step 9 of the test sequence 1S
11 mg/1, but is “back calculated” to 99 mg/l (two dilutions 3 times, so 1n all
diluted 9 times. The original COD was, for example, 1,183 mg/l, so that the
COD drops from 100% to 9.29%.

Table 1. Evolution of the COD value

Test | 1 | 2 3 [ 4 [s5 e |
poor good good good pood

(diaphragm
DHoonol  |none  |mome  [NeoH | [ |
according (0
invention
TTapwater | | | |step7  [step7  |stepdand7
ground water COD

127 mg/l

Effluent with step 4
degradable mg/1
compounds
0 [100.00% |100.00% | 100.00%
— 5| | 4300% |2090% | | |
— 6| | 2006% |15.12% | | |
— 7| | 2106% |1000% | [ ot
— 8| | 1909% | 730% | | | |

-
LA R
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Table 2. Evolution of the HCN value

Mixing poor good g00d g00d good good
(diaphragre

pHoontol _|nome  |nome  |Naom | | | |

System
according to
invention

Polluted step 4
ground water COD
127 mg/l

4
f 'I':f’?

respectively. The results indicate that better results can be obtained with the
method according to the invention and that no pH adjustment 1s necessary, so
that no extra salt loading of the water occurs. A further advantage of the method
according to the invention 1s that an effluent which is polluted with readily
degradable compounds can also be purified by this method at the same time.
It will be clear from the invention that effluents of different origins can
be purified, in particular also effluents originating from soil decontamination

sites.
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CLAIMS

1. A method to purify polluted water containing a first concentration of at
least one difficultly biodegradable or non-biodegradable organic compound, in
which method the above mentioned organic compound i1s oxidized by bringing
the polluted water into contact with at least one ozone containing gas,
characterized in that in a first treatment step a part of the above mentioned
organic compound present In the polluted water is oxidized by bringing said
polluted water into contact with the above mentioned ozone containing gas In
such a way that the first concentration of said organic compound is reduced to a
second concentration, the entire amount of said organic compound present in the
polluted water being reacted with ozone for a total of at least 20 minutes in said
first treatment step, after the first treatment step the second concentration of said
organic compound is reduced by dilution with an aqueous liquid to a third
concentration which 1s at most two thirds of the second concentration, and in a
second treatment step a further part of the above mentioned organic compound
present in the polluted water is oxidized by bringing the diluted polluted water
into contact with the above mentioned ozone containing gas in such a way that
the third concentration of said organic compound is reduced to a tourth
concentration, the entire amount of said organic compound present in the diluted
polluted water being reacted with ozone for a total of at least 20 minutes in said
second treatment step.

2. A method according to Claim 1, characterized in that the second
concentration of the above mentioned organic compound is reduced to a third
concentration which is at least one tenth of the second concentration.

3. A method according to Claim 1 or 2, characterized in that in the first and
in the second treatment step the polluted water and the diluted polluted water

respectively are brought into contact at least 10 times with the above mentioned

ozone containing gas.
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4, A method according to one of Claims 1 to 3, characterized in that in the
first treatment step a total of at least 10 normal cubic metres of the ozone
containing gas per cubic metre of the polluted water is injected into the polluted
water.

5. A method according to one of Claims 1 to 4, characterized in that in the
second treatment step a total of at least 8 normal cubic metres of the ozone
containing gas per cubic metre of the diluted polluted water is injected into the
diluted polluted water.

6. A method according to one of Claims 1 to 5, characterized in that in both
the first and the second treatment step the above mentioned organic compound 1S
reacted with the ozone for a total of at least 30 minutes.

7. A method according to one of Claims 1 to 6, characterized in that after
the second treatment step the fourth concentration of the above mentioned
organic compound is reduced by dilution with a further aqueous liquid to a fifth
concentration which is at most two thirds of the fourth concentration, and in a
third treatment step a yet further part of the above mentioned organic compound
present in the polluted water is oxidized by bringing the further diluted polluted
water into contact with the above mentioned ozone containing gas in such a way
that the fifth concentration is reduced to a sixth concentration, the entire amount
of said organic compound present in the further diluted polluted water being
reacted with ozone for a total of at least 40 minutes in said third treatment step.

8. A method according to Claim 7, characterized in that said fifth
concentration Is at least one tenth of the fourth concentration.

9. A method according to Claim 7 or 8, characterized in that in the third
treatment step per cubic metre of the further diluted polluted water a total of at

least 4 normal cubic metres of the ozone containing gas is injected into the

further diluted polluted water.
10. A method according to one of Claims 7 to 9, characterized in that in the
third treatment step the above mentioned organic compound is reacted with the

ozone for a total of at least 60 minutes.
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11. A method according to one of Claims 1 to 10, characterized in that the
above mentioned ozone containing gas contains at least 3 wt.-% of ozone.

12. A method according to Claim 11, characterized in that the above
mentioned ozone containing gas 1s prepared starting from an oxygen rich gas
containing at least 80% of oxygen.

13. A method according to one of Claims 1 to 12, characterized in that the
above mentioned organic compound is oxidized at a pressure of at least 30 kPa.
14. A method according to one of Claims 1 to 13, characterized 1n that the
above mentioned polluted water contains combustion gases.

15. A method according to claim 1, wherein said third concentration is at
most half of said second concentration.

16. A method according to claim 2, wherein said third concentration is at
least one fifth of said second concentration.

17. A method according to claim 3, wherein in the second treatment step the
polluted water and the diluted polluted water respectively are brought into
contact at least 15 times with the above mentioned ozone containing gas.

18. A method according to claim 17, wherein in the second treatment step the
polluted water and the diluted polluted water respectively are brought into
contact at least 20 times with the above mentioned ozone containing gas.

19. A method according to claim 6, wherein in both the first and the second
treatment step the above mentioned organic compound is reacted with the ozone
for a total of at least 40 minutes.

20. A method according to claim 7, wherein said fifth concentration is at
most half of said fourth concentration.

21. A method according to claim 8, wherein said fifth concentration is at least
one¢ fifth of said fourth concentration.

22. A method according to Claim 10, characterized in that in the third
treatment step the above mentioned organic compound is reacted with the ozone

for a total of at least 90 minutes.
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23. A method according to Claim 11, characterized in that the above
mentioned ozone containing gas contains at least 8 wt.-%, of ozone.
24. A method according to Claim 14, characterized in that said combustion

gases are obtained from the reticulation of polyurethane foams by means of the

oxidation of hydrogen gas.
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