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REACTOR 

FIELD OF THE INVENTION 

[0001] The invention relates to a reactor for a tWo-phase or 
three-phase system. 

[0002] The invention has particular application to the 
aeration of a ?uid comprising a slurry of mineral particles 
With air or any other suitable oxygen-containing gas, as is 
required by Way of eXample in aerobic bacterial leaching. 
HoWever, the invention is not restricted to this application 
and eXtends to the aeration of any gas/liquid, gas/liquid/ 
solid, or gas/liquid/solid/microbial systems. 

[0003] The invention has the advantages of aerating a ?uid 
With a gas at loW energy usage and With high e?iciency in 
terms of gas utilisation. 

[0004] The term “aeration” is understood to mean herein 
the introduction of a gas or gases into a ?uid. 

BACKGROUND OF THE INVENTION 

[0005] Reactors for aeration of slurries have been in use 
for many years in the mining industry. The tWo major types 
of reactors are the Pachuca (or air agitated reactor) and the 
mechanically agitated reactor. 

[0006] The Pachuca reactor Was initially favoured due to 
its simplicity of construction and operation but gradually 
lost favour as reactor siZe increased. The loss of favour 
resulted from the large amounts of compressed air required 
for good mineral suspension. Also, the residence time of air 
in a Pachuca reactor is too short for e?icient mass transfer 
and Pachuca reactors are prone to channelling of the air. Air 
agitation, in general, is ine?icient because the bubble siZe for 
e?icient agitation is too large for e?icient mass transfer. 

[0007] Mechanical agitation has become more Widely 
used, particularly for large reactors, as impeller design has 
become more efficient and it has become evident that the 
eXtra capital cost Was more than compensated for by the 
relatively loWer energy required for agitation. 

[0008] For e?icient mass transfer of air to solution it is 
necessary to obtain a ?ne dispersion of bubbles in a Well 
mixed system With the bubbles having a long residence time 
in the reactor. In practice this has been obtained by passing 
the air through a high shear turbine impeller or by introduc 
ing the air through a membrane or porous diffuser. Both 
these methods are energy intensive, because the air must be 
introduced at suf?cient over-pressures to overcome the liq 
uid pressure at the point of injection and to overcome the 
pressure drop across the injection opening, membrane or 
diffuser. Usually, the point of injection is at the bottom of the 
reactor and, in particular, in the case of aerating large 
vessels, one of the major costs is the capital and on-going 
energy costs to compress the air to the pressure required for 
injection. If the tanks are deeper than about 10 m it is 
necessary to install expensive, high pressure, compressors 
rather than air-bloWers. Additionally, the use of porous 
diffusers, or spargers, in reactors for slurries can lead to loss 
of operating time to unblock the diffusers. 

[0009] In addition, mechanically agitated reactors become 
ine?icient When large amounts of air are required, because 
the poWer required to disperse the air in the reactors 
becomes very large. Further, in the case of bacterial reactors, 
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the shear forces present at the blade tips of high speed 
impellers can damage the bacteria. 

[0010] In addition, particularly for gas/liquid/solid sys 
tems Where it is important to maintain the solids in suspen 
sions the poWer required to circulate the ?uid in the aerator 
becomes a signi?cant cost factor. 

SUMMARY OF THE INVENTION 

[0011] According to the invention there is provided a 
reactor for introducing a gas into a ?uid comprising, a 
miXing tank for the ?uid, a partition means for dividing the 
tank into at least tWo chambers and for alloWing the ?uid to 
?oW betWeen the chambers at a loWer region and an upper 
region of the tank, a pump means located in one of the 
chambers for circulating the ?uid doWnWards in one cham 
ber and then upWards in the other chamber, a means for 
creating a region of reduced pressure in a portion of the ?uid, 
a means for introducing the gas into the ?uid in the region 
of reduced pressure to aerate the ?uid, and a means for 
introducing the aerated ?uid into the circulating ?uid in the 
tank. 

[0012] It is preferred that the partition means comprises a 
draft tube adapted to be submerged in the ?uid in the tank, 
the draft tube having an open upper end and an open loWer 
end. 

[0013] It is preferred particularly that the tank be cylin 
drical and the draft tube be located centrally in the tank to 
divide the tank into an inner chamber and an outer annular 
chamber. 

[0014] It is preferred that the pump means be located in the 
draft tube. 

[0015] It is preferred that the pump means comprises an 
aXial ?oW pump. 

[0016] It is preferred particularly that the aXial ?oW pump 
comprises an impeller located in the draft tube. 

[0017] It is preferred that the means for creating the region 
of reduced pressure in the ?uid comprises a tubular member 
Which has a region of restricted cross-section for imparting 
a venturi effect to the ?uid passing through the tubular body 
Whereby the velocity of the ?uid increases and the pressure 
of the ?uid decreases in the region of restricted cross 
section. 

[0018] In one preferred arrangement the region of 
restricted cross-section is formed by providing a throat in the 
tubular member. In another preferred arrangement the region 
of restricted cross-section is formed by inserting a restriction 
in the tubular member. 

[0019] It is preferred that the means for introducing the 
gas into the ?uid comprises a porous membrane, holes, or 
jets. 

[0020] According to the invention there is also provided a 
method of introducing a gas into a ?uid comprising, circu 
lating the ?uid by means of a pump means in a miXing tank 
having at least tWo chambers that are in ?uid communication 
at upper and loWer regions of the tank so that the ?uid ?oWs 
doWnWards in one chamber and upWards in the other cham 
ber, creating a region of reduced pressure in a portion of the 
?uid, introducing the gas into the portion of the ?uid in the 
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region of reduced pressure to aerate the ?uid, and introduc 
ing the aerated ?uid into the circulating ?uid in the tank. 

DESCRIPTION OF THE DRAWINGS 

[0021] The invention is described further With reference to 
the accompanying draWings in Which: 

[0022] FIG. 1 represents schematically a preferred 
embodiment of a reactor formed in accordance With the 

invention; 
[0023] FIG. 2 is a detailed schematic representation of the 
basic design of a venturi device for use in the reactor shoWn 
in FIG. 1; 

[0024] FIG. 3 is a detailed schematic representation of a 
preferred embodiment of a venturi device for use in the 
reactor shoWn in FIG. 1; and 

[0025] FIG. 4 is a graph of oxygen uptake and oxygen 
utiliZation versus air ?oW for the reactor shoWn in FIG. 1 
and a conventional air agitated reactor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The preferred embodiment of the reactor of the 
invention is described herein in relation to the aeration of a 
slurry of a mineral and Water With air. HoWever, it is noted 
that the invention is not restricted to this application and 
extends to the aeration of any ?uid With or Without sus 
pended solids. 

[0027] The reactor 11 shoWn in FIG. 1 comprises a mixing 
tank 12 containing the slurry, a vertical draft tube 13 
submerged in the slurry, and a motor driven axial ?oW 
impeller 14 located in the draft tube 13 near the top thereof. 
The tank 12 may be of any suitable siZe. The draft tube 13 
has open upper and loWer ends 16, 18 and is located 
centrally in the mixing tank 12 to divide the mixing tank 12 
into an inner chamber 21 and an outer annular chamber 23. 
In use, the impeller 14 induces ?oW of the slurry doWnWards 
in the draft tube 13 and then upWards in the outer annular 
chamber 23. The ?oW of the slurry is controlled so that the 
mineral particles are kept in suspension. 

[0028] The reactor 11 further comprises an external circuit 
for WithdraWing a portion of the slurry from the mixing tank 
12, aerating the slurry, and returning the air-enriched slurry 
to the mixing tank 12. The external circuit comprises a 
recycle line 6, a pump 15 for pumping the slurry around the 
external circuit, and a venturi device 17 for aerating the 
slurry. The external circuit is arranged to WithdraW slurry 
from an upper section of the mixing tank 12 and to return the 
air-enriched slurry to a location in the draft tube 13 above the 
impeller 14 to optimise mixing of the air-enriched slurry 
With the circulating slurry in the mixing tank 12. The 
external circuit comprises at least one re-entry noZZle 19 
arranged to direct the air-enriched slurry doWn the draft tube 
13. 

[0029] FIG. 2 illustrates the basic design features of the 
venturi device 17. With reference to the ?gure, the venturi 
device 17 comprises a tubular body 25 having an inlet end 
41, an outlet end 43, and an intermediate throat 3 Which 
de?nes a region of restricted cross-section in Which there are 
holes 2 for introducing air for mixing With the slurry. As the 
slurry ?oWs through the tubular body 25 in the direction 
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indicated by the arroW A the ?oW rate increases as the slurry 
enters the throat 3 thereby creating a region of reduced 
pressure according Bernoulli’s equation. As a consequence, 
in order to introduce air into the region of reduced pressure 
it is not necessary that the air be at high pressure and the air 
can be introduced at loW pressure or by natural aspiration. 
As the slurry ?oWs from the throat 3 the slurry enters a 
region of increased cross-section 5 Where the ?uid velocity 
decreases and the pressure increases. 

[0030] The region of increased cross-section 5 is shaped to 
give maximum energy recovery as the air-enriched slurry 
expands as it ?oWs from the throat 3. Furthermore, the 
design and operating parameters of the venturi device 17 are 
selected to form air bubbles of optimal siZe for ef?cient 
oxygen mass transfer from the bubbles to the slurry. As a 
consequence, a minimal amount of air is required thereby 
reducing the operating costs. The design and operating 
parameters include slurry ?oW rate, air pressure, and the 
means of air injection into the slurry. 

[0031] FIG. 3 illustrates a preferred embodiment of the 
venturi device 17 for use With a 3,000 liter capacity mixing 
tank 12 and a 75 mm diameter recycle line 6. The throat 3 
of the venturi device 17 comprises an entrance cone 45 of 
25° and an exit cone 47 of 7°. The diameter of the throat 3 
is 25 mm and the diameter of the inlet and outlet ends 41, 
43 is 75 mm. The holes 2 are located in the exit core 47 of 
throat 3 and are arranged in 3 circumferential roWs spaced 
5 mm apart With each roW comprising 24x1 mm holes. 

[0032] It Will be clearly understood that the invention in its 
general aspects is not limited to the speci?c details referred 
to hereinabove. 

[0033] The invention is noW illustrated by Way of refer 
ence to the folloWing example. 

[0034] A series of experiments Was carried out on a 
conventional reactor comprising a 3,000 liter mixing tank 
stirred by an axial ?oW impeller and having air injection 
through a 1 mm drilled hole ring sparger mounted beneath 
the impeller and the preferred embodiment of the reactor of 
invention shoWn in FIG. 1 comprising a 3,000 liter mixing 
tank stirred by an axial ?oW impeller located in a draft tube 
and having a venturi device returning aerated slurry to a 
location above the axial ?oW impeller. 

[0035] The tanks contained 8% W/v slurry of a pyrite/ 
pyrhotite tails Which Was being bacterially leached With 
T hiobacillus ferrooxia'ans. 

[0036] The aeration performance of each tank Was evalu 
ated and the results are shoWn in FIG. 4. 

[0037] FIG. 4 shoWs the relationships betWeen: 

[0038] (a) oxygen uptake in the slurry and air ?oW 
into the conventional reactor and the preferred 
embodiment of the reactor; and 

[0039] (b) oxygen utilisation and air ?oW into the 
conventional reactor and the preferred embodiment 
of the reactor. 

[0040] The term “oxygen uptake” refers to the amount of 
oxygen that Was transferred to the liquor and therefore is a 
direct measure of the extent of aeration. The term “oxygen 
utilisation” refers to the amount of oxygen that Was trans 
ferred to the liquor as a percentage of the total amount of 
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oxygen introduced into the reactor and therefore is a direct 
measure of the ef?ciency of the aeration. 

[0041] With reference to FIG. 4, the term “air sparger” 
refers to the conventional reactor and the term “venturi 
aerator” refers to the preferred embodiment of the reactor. 

[0042] The results in FIG. 4 shoW that the aeration per 
formance of the preferred embodiment of the reactor Was 
signi?cantly better than that of the conventional reactor. By 
Way of particular example, With the preferred embodiment 
of the reactor it Was possible to aerate the slurry With 150 mg 
OZ/liter of slurry/hour With an air How of 60 l/min and an 
oxygen utiliZation of 50% Whereas With the conventional 
reactor it Was only possible to aerate the slurry With 150 mg 
OZ/liter of slurry/hour With a considerably higher air How of 
150 l/min and a signi?cantly loWer oxygen utiliZation of 
20%. 

[0043] The poWer requirements to aerate each reactor type 
With a given volume of air Were monitored and scaled up to 
values representing the anticipated poWer requirements for 
aeration in a 1,000 m3 tank. The results are shoWn in Table 
1. 

TABLE 1 

Comparison of Aeration Power Requirements 

Aeration Power 
Tank Con?guration (Wh/m3 of air) 

Conventional Reactor 80 
With Air Sparger 
Reactor of Invention 20 
With Draft Tube and 
Venturi 

[0044] The results indicate signi?cant poWer savings With 
the preferred embodiment of the reactor compared With the 
conventional reactor. Speci?cally, the results shoW that the 
energy required per m3 of air delivered Was four-fold loWer 
for the preferred embodiment of the reactor than for the 
conventional reactor. On the basis of the results of the energy 
utiliZation to achieve an 02 uptake of 150 mg OZ/liter of 
slurry/hour discussed above, the energy required per m3 of 
oxygen transferred Was nine-fold loWer for the preferred 
embodiment of the reactor than for the conventional reactor. 

[0045] The preferred embodiment of the reactor of the 
invention has the folloWing advantages over conventional 
reactor: 

[0046] The gas is supplied at loW pressure or by 
natural aspiration, thereby eliminating the need for 
expensive high pressure gas compressors and reduc 
ing the reactor poWer requirements. Signi?cantly, the 
agitator is used only to suspend the mineral particles 
and to circulate the aerated slurry. 

[0047] (ii) The gas is injected or naturally aspirated at 
a point in the venturi device Where the ?uid velocity 
is high. This creates very small bubbles thus improv 
ing mass transfer of oxygen into solution. As a 
consequence, the operating costs are reduced 
because the air required for the reactor is minimised. 

[0048] (iii) The aerated slurry is returned to the 
mixing tank above the impeller in a central draft tube 
at loW pressure. As a consequence, operating costs 
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are reduced because the pumping poWer required for 
circulating the slurry is minimised. 

[0049] (iv) The capital cost of the reactor is mini 
mised since there are less internal parts in the mixing 
tank. Furthermore, large reactors can be built leading 
to economies of scale. 

[0050] (v) Maintenance costs and doWntime are 
minimised since there are feW parts to fail inside the 
mixing tank. Servicing the external components is 
simple since a single aeration device can be shut 
doWn for service Without affecting the reactor’s 
overall performance. Replacing a blocked aeration 
device can be done quickly With the minimum of 
interruption to the process. 

[0051] (vi) The invention is suited for ef?cient gas 
supply and solids suspension in a gas-liquid-solid 
system or for ef?cient gas supply to a gas-liquid 
system. An example of the use of the invention is 
suspending and aerating a reacting slurry of mineral 
particles, as in bacterial leaching. Other uses include 
the bio-methanation of synthesis gas, aerobic diges 
tion of seWage or other sludges and the production of 
synthetic rutile as in the Becher process. Its use, 
hoWever, is not limited to these areas. 

[0052] Many modi?cations may be made to the preferred 
embodiment of the reactor described herein Without depart 
ing from the spirit and scope of the invention. 

[0053] By Way of example, Whilst the impeller 14 is 
located near the top of the draft tube 13 in the preferred 
embodiment, the invention is not restricted to such an 
arrangement and the impeller 14 may be located at any 
suitable location along the length of the draft tube 13. 

1. A reactor for introducing a gas into a ?uid comprising, 
a mixing tank for the ?uid, a partition means for dividing the 
tank into at least tWo chambers and for alloWing the ?uid to 
How betWeen the chambers at a loWer region and an upper 
region of the tank, a pump means located in one of the 
chambers for circulating the ?uid doWnWards in one cham 
ber and then upWards in the other chamber, a means for 
creating a region of reduced pressure in a portion of the ?uid, 
a means for introducing the gas into the ?uid in the region 
of reduced pressure to aerate the ?uid, and a means for 
introducing the aerated ?uid into the circulating ?uid in the 
tank. 

2. The reactor de?ned in claim 1, Wherein the partition 
means comprises a draft tube adapted to be submerged in the 
?uid in the tank, the draft tube having an open upper end and 
an open loWer end. 

3. The reactor de?ned in claim 2, Wherein the tank is 
cylindrical and the draft tube is located centrally in the tank 
to divide the tank into an inner chamber and an outer annular 
chamber. 

4. The reactor de?ned in any one of the preceding claims 
Wherein the pump means comprises an axial ?oW pump. 

5. The reactor de?ned in claim 4, Wherein the axial ?oW 
pump comprises an impeller located in the draft tube. 

6. The reactor de?ned in claim 1, Wherein the means for 
creating the region of reduced pressure in the ?uid com 
prises a tubular member Which has a region of restricted 
cross-section for imparting a venturi effect to the ?uid 
passing through the tubular member Whereby the velocity of 



US 2001/0011778 Al 

the ?uid increases and the pressure of the ?uid decreases in 
the region of restricted cross-section. 

7. The reactor de?ned in claim 6, Wherein the region of 
restricted cross-section is formed by providing a throat in the 
tubular member. 

8. The reactor de?ned in claim 6, Wherein the region of 
restricted cross-section is formed by inserting a restriction in 
the tubular member. 

9. The reactor de?ned in claim 1, Wherein the means for 
introducing the gas into the ?uid comprises a porous mem 
brane, holes, or jets. 

10. A method of introducing a gas into a ?uid comprising, 
circulating the ?uid by means of a pump means in a miXing 
tank having at least tWo chambers that are in ?uid commu 
nication at upper and loWer regions of the tank so that the 
?uid ?oWs doWnWards in one chamber and upWards in the 
other chamber, creating a region of reduced pressure in a 
portion of the ?uid, introducing the gas into the portion of 
the ?uid in the region of reduced pressure to aerate the ?uid, 
and introducing the aerated ?uid into the circulating ?uid in 
the tank. 
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11. Areactor for introducing a gas into a ?uid comprising, 
a miXing tank for the ?uid, a draft tube for dividing the tank 
into at least tWo chambers, the draft tube having an open 
upper end and an open loWer end for alloWing the ?uid to 
How betWeen the chambers at a loWer region and an upper 
region of the tank, an aXial ?oW pump having an impeller 
located in the draft tube for circulating the ?uid doWnWards 
in the draft tube and then upWards in the other chamber, a 
means for creating a region of reduced pressure in a portion 
of the ?uid comprising a tubular member Which has a region 
of restricted cross-section for imparting a venturi effect to 
the ?uid passing through the tubular member Whereby the 
velocity of the ?uid increases and the pressure of the ?uid 
decreases in the region of restricted cross-section, a means 
for introducing the gas into the ?uid in the region of reduced 
pressure to aerate the ?uid, and a means for introducing the 
aerated ?uid into the circulating ?uid in the tank. 


