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A PROCESS FOR TREATING A LIQUID REACTIVE MEDIUM
ABSTRACT OF THE DISCLOSUFR

A process for the treatment of a liquid reactive medium with a gas
comprising dispersing the gas in a liquid in which the gas is sparingly soluble to
form a dispersion thereof, said liquid being maintained at a pressure (P1) greater
than the pressure (P2) of the liquid reactive medium and the amount of said gas
dispersed therein being in excess of its saturation point in the liquid; and
Introducing the dispersion into the liquid reactive medium having a demand for
the gas which is in excess of the amount of gas capable of being dissolved

therein at the prevailing conditions in the treatment zone.
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A PROCESS FOR TREATING A LIQUID REACTIVE MEDIUM

Backaround of the Invention

Various processes are known for dissolving a gas in a liquid reactive
medium, such as water, for a number of uses. A problem typically encountered
In such processes is that the dispersion of the gas in the liquid reactive medium
IS not even. In accordance with the present invention, there is provided a
process for treating a liquid reactive medium by which a quantity of a sparingly
soluble gas is evenly distributed into a liquid reactive medium so as to maximize

Its efficiency therein.

Bri mmaryv _of the Invention

The process of the present invention comprises dispersing a gas in a
liqguid In which the gas is sparingly soluble, so as to form a dispersion of
bubbles of the gas in the liquid; introducing, in a treatment zone, the dispersion
Into a liquid reactive medium having a demand for that gas which is in excess
of the amount of gas capable of being dissolved in the liquid reactive medium at
the prevailing conditions in the reaction zone, thereby providing the liquid

reactive medium with additional gas for meeting its demand therefor.
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Brief Summary of the Drawing

The accompanying drawing Is illustrative of the present invention, but
Is not intended to limit the invention as defined by the accompanying Claims.
The FIGURE is a schematic view of an apparatus for carrying out the

process of the invention.

Detailed Description of the Invention

The process according to the invention enhances the efficiency of gas
utilization In a liquid reactive medium. In particular, gas retention in the liquid
reactive medium or reactant is increased and the gas becomes more accessible
to reaction within the liquid reactive medium. This is due to the even dispersion
of the gas and, hence, its increased retention time in the liquid reactive
medium. It is believed that the reaction kinetics can thereby also be increased
and the reaction time decreased, and that gas utilization in a reaction involving

the gas can be improved thereby, for example, decreasing the amount of

wasted gas.

The gas utilized in the subject process may be oxygen, oxygen-enriched
air, air, carbon dioxide, or the like. While, at least in principle, the liquid can be
any liquid in which a dispersion of the gas can form, practical considerations
such as cost and availability dictate that it will normally be water which will be

utilized hereinafter to illustrate the subject process.

The dispersion of the gas in the water may be effected by introducing,
with mixing, the gas into the water while maintaining the water at a pressure
(P1) greater than a pressure (P2) at which the liquid reactive medium is
maintained, with a sufficient quantity of the gas being used to exceed its

saturation point in water at the water pressure P1. The volumetric ratio of gas
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to water will thus be such that, upon introduction of the dispersion into the
liquid reactive medium at the pressure P2, a finely dispersed condition, suitable
for reaction, 1s obtained, without significant coalescence of the gas, which
would result in excessive loss of the gas to atmosphere. The volumetric ratio,
at standard temperature and pressure (STP), of the gas to water may thus be
between 1:1 and 4:1, preferably. between 1:1 and 3:1, while the pressure

Pl may be from 3 to 50 atm.

It 1s believed that the introduction of a dispersion comprising oxygen to
water In a volumetric ratio of 1:1 at STP and which dispersion i1s at any
pressure Pl, into a liquid reactive medium at P2 where P2 < PI, will give a gas
dispersion In the liquid reactive medium which is in micro bubble form.
Furthermore, higher or lower ratios can, it is believed, be used, e.g. where
larger bubbles in the liquid reactive medium can be handled suitably to give
sufficient retention time of the bubbles therein for effective reaction, e.g. by

mechanical agitation.

The resulting dispersion may thus be fed substantially continuously into
the liquid reactive medium, with the gas also being dispersed substantially
continuously into the water to form the dispersion. However, to maintain micro
bubbles In the liquid reactive medium; gas, e.g. oxygen, flow or dispersion into
the water can be interrupted from time to time while maintaining water feed

into the liquid reactive medium, particularly where oxygen decay rates in the

liquid reactive medium are not excessive.

The process may Iinclude continuously, or periodically, varying or
adjusting the mass of gas introduced into the liquid reactive medium by means
of the dispersion. This may be effected by varying P1 to achieve a variation in
the mass ratio of gas to water in the dispersion, while keeping the volumetric

ratio the same. The volumetric ratio may thus be determined by the acceptable
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bubble size, once the dispersion has been released into the liquid reactive

medium.

The process may include holding the dispersion in a pressurized holding
zone, e.g. In a pressurized storage tank, until required, i.e. prior to feeding it,
e.g. by pumping, into the liquid reactive medium. The process may then
Include recycling, e.g. continuously, the dispersion to the holding zone to
maintain the dispersion of the gas Iin the water. Thus, for example, the
dispersion may continuously be recycled from the bottom of the storage tank to

the top thereof.

It 1s believed that the process provides a means of evenly distributing the
gas In the liguid reactive medium in the reaction zone. The liquid reactive
medium may comprise a liquid reactant or mixture of liquid reactants
undergoing reaction, or requiring pre-treatment with the gas prior to undergoing
reaction. Thus, in one embodiment of the invention, the liquid reactive medium
may comprise a mineral slurry, and the gas may be oxygen, oxygen-enriched
air, or air, with the increased levels of available oxygen provided by the
introduction of the dispersion into the slurry enhancing subsequent metal

extraction from the mineral ore in the slurry.

In another embodiment of the invention, the liquid reactive medium may
be wastewater or the like which is subjected to aerobic treatment in the
treatment zone or In a reaction zone downstream of the treatment zone, and
the gas may be oxygen, oxygen-enriched air, or air, with the increased levels of
available oxygen provided by the introduction of the dispersion into the slurry

enhancing aerobic treatment.

In a further embodiment of the invention, the liquid reactive medium can

be water for recycling or reuse in a chemical process involving reaction with the
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gas, e.g. oxygen, such as a mineral extractive process, with the recycle or

reuse water thus being pre-treated with the dispersion prior to being reused.

In yet a further embodiment of the invention, the liquid reactive medium

may be a liquid that requires neutralization, with the gas then being carbon

dioxide.

The forming of the dispersion may be affected by bleeding the gas into
the water through a bubblé forming device, e.g. a sinter bubbler, and thereafter
intimately mixing the bubbles with the water to create a stable dispersion. The
intimate mixing may be effected by passing the dispersion through a suitable
~ mixer. In one embodiment, the mixer may be a multistage pump. In another

embodiment, it may be a device as described in U.S. Patent No. 4,664,680.

Turning to the FIGURE, a system 10 is generally illustrated for treating a
liquid reactive medium in accordance with the process of the subject invention.
The system 10 includes a pump 12 with a water conduit 14 leading into the
 suction side thereof. A discharge conduit 16 leads from the pump 12 to a
multisfage pump 18. The conduit 16 is provided with a liquid flow meter 20

and an in-line sinter bubbler 22.

- An oxygeh flow line 24 leads into the sinter bubbler 22. The conduit 24
leads from a pressurized okygen supply, e.g. a oxygen cylinder or a vacuum
insulated liquid evaporator, and is fitted with a flow meter (not shown),
pressure gauge (not shown) and pressure regulator (not shown). A conduit 26
leads from the discharge of the pump 18 to a vessel 28. The conduit 26 is
fitted with a pressure gauge 30 and a gate valve 32. '

The vessel 28 contains a liquid reactive médium 34 having a demand for

- oxygen which is in excess of the amount of oxygen capable of being dissolved
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therein at the prevailing conditions in the vessel 28. Typically, the liquid
reactive medium 34 is a slurry of mineral ore in water, and from which ore it is
desired to extract a metal with the metal extraction being promoted by the
presence of oxygen in a quantity in excess of the oxygen which is capable of
being dissolved in the slurry. This excess Is relative to the kinetic reaction rate
of the reactants, i.e. the higher the rate, the quicker excess oxygen is
consumed and therefore the lower the loss of oxygen. The vessel 28 is fitted

with a stirrer 36.

In use, fresh or recycled water is fed along the conduit 14 into the pump
12 where 1t Is pressurized to a suitable pressure, typically about 10 to 12 bar.
The pressurized water than passes along the conduit 16 into the multistage
pump 18. As It passes through the in-line sinter bubbler 22, oxygen flowing
along the flow line 24 is introduced therein under pressure, with the oxygen
pressure typically being 10.5 to 12.5 bar. The sinter bubbler 22 breaks up the
oxygen into bubbles, thereby distributing the oxygen evenly throughout the
body of water. The water then passes through the multistage pump or mixer
18 wherein a dispersion of micro bubbles of oxygen is formed, the bubble size
being dependant upon the volume ratio of oxygen to water. The resultant
dispersion may be at the same pressure or higher than the water from pump 12
depending on the number of stages of mixing being used. Typically, the

pressure (P1) from the multistage pump or mixer 18 is 10 bar or higher.

The oxygen dispersion formed in the multistage pump or mixer 18 is fed
along the flow line 26 into the slurry 34 in the vessel 28, with the slurry 34
being stirred continuously. This results in the formation of a stable oxygen
dispersion within the slurry 34, with the dispersion being maintained by means
of the agitation of the slurry. In this fashion, the oxygen bubbles in the

dispersion are maintained more-or-less intact within the slurry 34, while the

retention time of the bubbles in the slurry is thereby enhanced, giving increased
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reaction kinetics and decreased reaction time of the oxygen with the metal
components in the ore making up the slurry. The volumetric ratio of oxygen
introduced along the flow line 24 to water passing along the flow line 16
should preferably be in the region of 1:1 to 4:1 v/v oxygen to water (at 1 bar),

and used at any given pressure, for good results.

It will be apparent from the following calculation that, at elevated
pressure, for the same mass percentage of oxygen in water, a lower volumetric

ratio of oxygen to water is obtained.

At 1 bar:

3

Volumetric proportion of oxygen to wateris 1 N m™ oxygen in Im°® water.

Thus, the volumetric ratio of oxygen to water i1s 1:1, and the mass

percentage in water is 0,132% oxygen.

At 12 bar:
Again the mass percentage of oxygen in water is 0,132% by mass
oxygen. However, the volumetric ratio of oxygen to water is thus only
0,083:1, i.e. 0,083m° oxygen in Im°® water. Alternatively, 1m°’ oxygen
in 1m> water at 12 bar is equivalent to 1,584% by mass oxygen in

water.

The practical advantages of the subject process can be realized by
considering the treatment of a slurry of gold bearing ore in water. Typically,

such a slurry can consist of 1000 t of slurry water and 1388 t of ore, on a dry
basis. In general, the oxygen demand for such an ore is 0.1kg oxygen per ton
of dry ore 1.e. 138.8kg oxygen per 1000 t slurry water, which is above the

dissolved oxygen level in the slurry water. It is thus necessary to add additional

oxygen to the slurry, and this has hitherto been effected by, for example,

bubbling oxygen into the slurry, which is wasteful.
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In accordance with the process of the present invention, the additional
oxygen can be dispersed in water, with the dispersion then being added to the
slurry to provide the additional oxygen. Typically, the additional oxygen can be
dispersed in water at a level of 1:1 v/v for stable dispersion. At 1 bar, 138.8kg
oxygen is equivalent to 183.2 Nm®’ oxygen. 183.2 Nm> oxygen would thus be
dispersed in 183.2 m> of water, and the resultant dilution, when the dispersion
IS introduced into the slurry, would be 183.2 m" dispersion water on 1000 m>
slurry water. This thus results In excessive dilution of the slurry due to the

volume of dispersion water used.

However, at 10 bar, the 183.2 Nm® of oxygen is reduced in volume to
18.3 Nm°>, and at 1:1 v/v for stable dispersion, is dispersed in 18.3 m° of

water. The dilution is then only 18.3 m"> dispersion water on 1000 m° slurry

water. Thus, excessive dilution of the slurry is thereby avoided.
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CLAIMS:
We claim:
1. A process for treating a liquid reactive medium with a gas
comprising:

dispersing the gas in a liquid in which the gas is sparingly soluble, so
as to form a dispersion comprising bubbles of the gas in the liquid, said liquid
being maintained at a pressure (P1) greater than the pressure (P2) of the
liquid reactive medium, said pressure P1 being 14 atm or greater, and the
amount of said gas dispersed therein being in excess of its saturation point in
the liquid; and '

introducing, in a treatment zone, the dispersion into a liquid reactive
medium having a demand for the gas which is in excess of the amount of gas
capable of being dissolved in the liquid reactive medium at the prevailing
conditions in the treatment zone, thereby providing the liquid reactive medium

with additional gas for meeting said demand.

2. A process in accordance with Claim 1, wherein the gas is
selected from the group consisting of oxygen, oxygen-enriched air, air, and
carbon dioxide, and the liquid is water.

3. A process in accordance with Claim 2, wherein the volumetric
ratio of gas to water is such that, the introduction of the dispersion into the
liquid reactive medium at the pressure P2 produces a finely dispersed
condition without significant coalescence of the gas.

4, A process in accordance with Claim 3, wherein the volumetric

ratio, at STP, of the gas to water is between 1:1 and 4:1, and the pressure P1
is from 14 to 50 atm. '
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D. A process in accordance with Claim 4, wherein the volumetric

ratio, at STP, of the gas to water is between 1:1 and 3:1.

6. A process in accordance with Claim 2, wherein the liquid reactive
medium comprises a mineral slurry, and the gas is selected from the group of

oxygen, oxygen-enriched air, and air.

7. A process In accordance with Claim 2, wherein the liquid reactive
medium I1s wastewater which is subjected to aerobic treatment in the treatment
zone or In a reaction zone downstream of the treatment zone, and the gas is

selected from the group consisting of oxygen, oxygen-enriched air, and air.

8. A process In accordance with Claim 2, wherein the liquid reactive
medium Is water for recycling or reuse in a chemical process involving reaction

with the gas, with the recycle or reuse water thus being treated with the

dispersion prior to being reused.

9. A process in accordance with Claim 2, wherein the liquid reactive

medium Is a liquid that requires neutralization, and the gas is carbon dioxide.

10. A process in accordance with Claim 2, wherein the forming of the
dispersion Is effected by bleeding the gas into the water through a bubble
forming device and thereafter intimately mixing the bubbles with the water to

create a stable dispersion.
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