I*I Innovation, Sciences et Innovation, Science and CA 3046338 A1 2017/06/15
Développement economique Canada Economic Development Canada
Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office (21) 3 046 338

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 2016/12/09 (51) CLInt./Int.Cl. GOTN 29/032(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/06/15 GOTN 29/11(2000.01), GOTN 25/74 (2006.01)
: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2019/06/07 FLOLEVEL TECHNOLOGIES PTY LTD. AU
(86) N° demande PCT/PCT Application No.: AU 2016/000394
(72) Inventeur/Inventor:
(87) N publication PCT/PCT Publication No.: 2017/096416 STIRLING, ROBERT SIDNEY. AU...

(30) Priorité/Priority: 2015/12/09 (AU2015905092) (74) Agent: MLT AIKINS LLP

54) Titre : SYSTEME ET PROCEDE PERMETTANT DE DETERMINER UNE CONCENTRATION
54) Title: SYSTEM AND METHOD FOR DETERMINING CONCENTRATION

(57) Abrégée/Abstract:
An apparatus to determine the concentration of a target component in a mixture, the apparatus including at least one acoustic
transducer located within the mixture, a controller generating a signal for the at least one acoustic transducer that's generating an

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 3046338 A1 2017/06/15

ey 3 046 338
13) A1

(57) Abrege(suite)/Abstract(continued):

acoustic signhal in the mixture and transmitting same toward the target component within the mixture, wherein the acoustic signal is
generated with a known power level, and a processor for measuring change in the power level of the at least one acoustic
transducer as the acoustic signal Is transmitted through the mixture, wherein the magnitude of the change In signal power
determines the concentration of the target component in the mixture.



WO 2017/096416 A1 [H 1! AR AR 00 OO A R

CA 03046338 2015-06-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property

Organization oS
International Bureau moane™ . o
?:_f/)) (10) International Publication Number
(43) International Publication Date g WO 2017/096416 A1
15 June 2017 (15.06.2017) WIPO I PCT

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
GOIN 29/032 (2006.01) GOIN 29/14 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
GOIN 29/11 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
, o | HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(21) International Application Number: KP, KR, KW, KZ LA. LC, LK, LR, LS. LU. LY, MA.
L L7AUZ016/000554 MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(22) International Filing Date: NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
9 December 2016 (09.12.2016) RU, RW, SA, SC, SD, SE, 5@, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,

(25) Filing Language: English ZA. ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
2015905092 9 December 2015 (09.12.2015) AU GM, KE, LR, LS, MW, MZ, NA, RW, 5D, 5L, ST, 52,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: FLOLEVEL TECHNOLOGIES PTY LTD TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[AU/AU]J; Factory 50, 41-49 Narcal Road, Nunawading, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Victoria 3131 (AU). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(72) Inventor: STIRLING, Robert Sidney; 20 Barton Street,
Surrey Hills, Victoria 3124 (AU).

(74) Agent: MURRAY TRENTO & ASSOCIATES pry ' 'Prshed

SM, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

LTD; P.O. Box 1050, Hartwell, Victoria 3124 (AU). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(54) Title: SYSTEM AND METHOD FOR DETERMINING CONCENTRATION

(57) Abstract: An apparatus to determ-
ine the concentration of a target com-
ponent 1n a mixture, the apparatus in-
cluding at least one acoustic transducer
located within the mixture, a controller
generating a signal for the at least one
acoustic transducer that's generating an
acoustic signal in the mixture and trans-
mitting same toward the target compon-
ent within the mixture, wherein the
acoustic signal 1s generated with a
known power level, and a processor for
measuring change in the power level of
the at least one acoustic transducer as
the acoustic signal 1is transmitted
through the mixture, wherein the mag-
nitude of the change in signal power de-
termines the concentration of the target
component in the mixture.




CA 03046338 2015-06-07

WO 2017/096416 PCT/AU2016/000394
1

SYSTEM AND METHOD FOR DETERMINING CONCENTRATION

FIELD OF THE INVENTION

[0001] The present invention relates to a system and method that determines the
concentration of a target component in a mixture such as the concentration of suspended
solids In a mixture. The invention may find particular use In industries including mining,
waste water treatment and pulp and paper manufacturing in which the concentration of
suspended solids In a mixture at various processing stages Is often important to ensure

processing efficiency.

BACKGROUND OF THE INVENTION

[0002] Whilst the system and method of the present invention may find use In a
number of Industries, the background of the invention will be described with reference to
the mining Industry and In particular, the froth flotation process. Monitoring and
measurement of the suspended solids concentration at various stages during the

processing of ore Is a critical factor in material recovery and overall process efficiency.

[0003] Mining Involves the extraction of valuable minerals, or other geological
materials, from the earth and a major aspect of any mining process Is the maximization
of the recovery of valuable minerals and metals from low grade ore at the lowest possible
cost. It Is recognized that the selective separation of minerals renders the processing of
mixed ores economically feasible. Froth flotation 1s a process that has been used since
the mid-20™ century as a recovery means of valuable materials within excavated ore that
Involves selectively separating materials on the basis of differences In their

hydrophobicity - that Is, separating hydrophobic materials from hydrophilic materials.

[0004] The froth flotation process Is currently used In mining to separate a wide
range of sulphide, carbonates and oxides which are subjected to further refinement to
extract and separate metals such as iron, nickel, copper and lead. Froth flotation Is also
used during the mining of silver and gold in which the recovery of such metals from low

grade ore Is critical to the economic feasibility of gold and silver processing.
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[00035] Mineral processing involves the stage-wise liberation and flotation of the
valuable target minerals and metals from the gangue (waste material) in the excavated
ore. Liberation 1s achieved by mechanical means of crushing and grinding, known as
comminution, after which the liberated ore (of particle sizes typically less than about 3mm)
IS subjected to various flotation stages known as Roughing, Cleaning and Scavenging In

which each flotation stage involves the recovery of progressively finer material.

[0006] As part of the froth flotation process, the ground ore Is mixed with water to
form a slurry which is then transferred to a “conditioner” in which surfactant is added to
the slurry In order to alter the hydrophobicity of the solids. In this regard, the desired
mineral to be recovered, 1.e., the target material, generally needs to be rendered
hydrophobic by the addition of a surfactant and depending on the type of surfactant
chosen, various minerals may be selectively rendered hydrophobic in order to recover
only the desired minerals by froth flotation. In order to recover the desired minerals, the
“‘conditioned” slurry that contains a mixture of hydrophobic and hydrophilic particles Is
then Introduced to tanks known as flotation cells that are aerated to produce bubbles to
which the hydrophobic target material attaches and therefore rises to the surface, forming
a froth. The mineral laden froth Is then removed from the flotation cell, producing a
concentrate of the target mineral. A stable froth 1s essential for the efficient recovery of
valuable minerals and frothing agents or “frothers” are typically added to flotation systems

In order to enhance and maintain froth stability.

[0007] Stage-wise liberation and flotation iIs required In order to minimize the
required energy input during comminution and hence the processing costs. In this regard,
the aim Is to recover as much of the valuable course material as possible during an initial
flotation step (le Roughing) In order to avoid grinding the entire excavated ore to finer
recoverable material. As the rougher concentrate produced during the Roughing stage Is

of low quality, it must usually be subjected to further processing in one or more Cleaner

cells or Scavenger cells.

[0008] In the Cleaner cells, the rougher concentrate is subjected to a further

flotation stage In order to separate any undesirable material previously recovered as part

of the Rougher flotation stage. The aim of the Cleaning flotation stage is to produce a

concentrate that is the highest quality possible and accordingly, the product from the
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Cleaning flotation stage Is referred to as the “cleaner concentrate” or the “final

concentrate”.

[0009] In addition to, or Instead of, progressing the rougher concentrate to a
Cleaning flotation stage, the rougher concentrate may be subjected to further grinding
(usually called re-grinding) to achieve complete liberation of the valuable minerals. Due
to the lower mass of the rougher concentrate as compared with the original excavated
ore, less energy Is required than would otherwise be necessary If the whole excavated
ore were re-ground. Following re-grinding, the rougher concentrate may then be
subjected to a Cleaner flotation stage (as previously described), or a Scavenger flotation
stage with the aim of recovering any target minerals that were not recovered during the
initial Roughing flotation stage. The Scavenging stage may require alteration of the
flotation conditions to ensure maximum mineral recovery, or further grinding may be
required In order to provide further liberation followed by a further flotation and recovery

step.

[0010] During each stage of flotation, the minerals that do not float in the froth are
referred to as the flotation tailings. If appreciable in quality and amount, these tailings may
also be subjected to further stages of flotation to recover any valuable particles that did
not float during previous flotation stages. The final tailings after scavenging are normally
discarded for disposal as mine fill or transported to a tailings disposal facility for long-term

storage.

[0011] A typical froth flotation system contains many variables related to the
equipment design, chemistry and operation of the system. Some equipment
considerations include choice of cell type, slurry agitation means, aeration means, cell
configuration and control. Some chemistry considerations include surfactant type and
dosing In addition to frother type and dosing and system pH. Some operational
considerations Include water and air feed rate, mineralogy, particle size, system
temperature and slurry (or suspended solids) density. It will be appreciated that careful
choice and control of such variables is required In order to ensure high mineral recovery
and processing efficiency. Further, any deviations from optimal conditions can lead to a
dramatic decrease In mineral recovery, process efficiency and ultimately process

profitability and economic viability.
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[0012] One of the critical operational variables in a froth flotation system is the
slurry (or suspended solids) density. Currently, the suspended solids density of a slurry
IS generally measured with the use of a nuclear density gauge that Is externally fixed to
the pipe through which slurry (crushed ore and water) Is fed into the conditioner in which
surfactant dosing occurs. The amount of surfactant added to the slurry Is related to the
suspended solids concentration of the slurry in the conditioner feed pipe. Since solids
(other than the target minerals that are desired to be recovered) also exist in the slurry
entering the conditioner through the feed pipe to which the nuclear density gauge Is fixed,
such an arrangement tends to overestimate the amount of surfactant required.
Overdosing the system with surfactant not only results in a wastage of surfactant, but also

affects froth quality and may result in inefficient mineral recovery and lower recovery

vields.

[0013] Additionally, the suspended solids concentration of the slurry in the feed
entry pipe to the conditioner can vary from 20% (w/v) to 65% (w/v) due to variations In
the extracted ore from the mine-site and dynamic variations of this magnitude can lead to
“sanding” of the particles. Sanding refers to the loss of particles due to their “dropping
out” of the froth suspension when the concentration of suspended solids increases above
a level that 1s able to be agitated and therefore kept In suspension, by, for example, a

fixed speed agitator.

[0014] Current efforts to increase the accuracy associated with measuring the
concentration of the valuable material to be recovered within froth flotation systems
Involves the use of a "bottle test” in which a sample of the conditioned slurry in the flotation
cell 1Is manually taken in order to determine the density of the suspended solids. It will be
appreciated that manual sampling I1s a labour Iintensive and time consuming process and
IS also not able to adequately monitor dynamic system changes thereby reducing the

accuracy and usefulness of such measurements.

[0015] Another problem associated with measurement of the suspended solids
concentration using conventional density gauges Is that slurries are not only made up of
solid particles, but also include suspended gas bubbles as a result of aeration of the slurry
during the froth flotation process. Such gas bubbles often interfere with the currently used

density measurement arrangements of the suspended solids within the slurry mixture.
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[0016] Yet another problem associated with measurement of the concentration of
suspended solids of slurries using conventional density gauges Is that scale can often
accumulate on the surface of the gauge thereby requiring frequent cleaning of the

equipment that may cause the measurement system to be unavailable and/or loss of

process efficiency.

[0017] Accordingly, there Is a need for a sampling system and method that 1s able
to dynamically track changes in the concentration of suspended solids of slurries such as

those that exist In froth flotation systems. Further, there is a need for a control system

operable to dynamically track changes In the concentration of suspended solids In slurries

and adjust operating parameters of a mineral processing system accordingly.

[0018] The present iInvention seeks to address at least one or more of the above
disadvantages associated with conventional systems and methods of measuring the

concentration of suspended solids In slurries.

[0019] The reference to any prior art in this specification 1s not, and should not be
taken as, an acknowledgement or any suggestion, that the prior art forms part of the

common general knowledge Iin Australia.
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[0020] In one aspect, the present invention provides a system configured to
determine the concentration of a target component in a mixture, the system including at
least one acoustic transducer located within the mixture, a controller generating a signal
for the at least one acoustic fransducer that's generating an acoustic signal in the mixture
and transmitting same toward the target component within the mixture, wherein the
acoustic signal I1s generated with a known power level, and a processor for measuring
change In the power level of the at least one acoustic transducer as the acoustic signal

IS transmitted through the mixture, wherein the magnitude of the change in signal power

determines the concentration of the target component in the mixture.

[0021] In another aspect, the present Invention provides a control system
configured to determine the concentration of a target component within a mixture, the
system Including an apparatus having at least one acoustic transducer located within the
mixture, a controller for generating an input signal for the at least one transducer thus
generating an acoustic signal In the mixture and transmitting same for transmission
towards the target component within the mixture, wherein the acoustic signal I1s generated
at a known and fixed power level, and a processor for measuring a change in the power
level of the acoustic transducers as the acoustic signal I1s transmitted through the mixture
wherein the magnitude of the change In power level IS used to determine the
concentration of the target component in the mixture, wherein the apparatus generates a
control signal representative of the concentration of the target component, said control

signal used to control one or more additional controllers.

[0022] In another aspect, the present invention provides a method to determine
the concentration of a target component in a mixture, the method including the steps of
generating a signal for at least one acoustic transducer, thus generating an acoustic
signal and controlling the power of the acoustic signal, measuring any change In the
power of the at least one acoustic signal as the acoustic signal i1s transmitted through the
mixture; wherein the detection of a change In the power of at least one acoustic signal Is
Indicative of the presence of the target component Iin the mixture, and wherein the
magnitude of change In the power of the at least one acoustic signal determines the

concentration of the target component in the mixture.
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SUMMARY OF EMBODIMENT(S) OF THE INVENTION

[0023] It will be appreciated that in embodiments, In order to determine the
concentration of the target component within a mixture, the power of the acoustic signal
IS Initially correlated against varying and known suspended solids concentrations within
a particular flotation process. It will also be appreciated that the change In power Is
measured against a baseline measurement conducted Iin a clear aqueous medium.
Accordingly, the change In power of the acoustic signal correlates with varying
concentration of suspended solids for a particular flotation process and as such, the
correlation may be used to determine and Identify various target component

concentrations in the mixture during operation of the flotation process.

[0024] In embodiments, the system includes two or more transducers located Iin an
array.
[0025] In other embodiments, the array Is a linear array of transducers formed from

a single line of transducers although it will be understood that other configurations of

transducers within the array may be used.

[0026] In another embodiment, the at least one array includes a plurality of arrays

connectable with each other to form an extended array.

[0027] It will be appreciated that any number of transducers may be used. However
IN an embodiment, the array includes at least three transducers located In a single line to

form a linear array.

[0028] In embodiments where more than one transducer Is Included In an array,
the measured power of the acoustic signal may be the average power of the plurality of

transducers.

[0029] In an embodiment, the controller i1s programmed to control two or more
transducers to generate an acoustic signal, wherein the power of the two or more acoustic
signals I1s the calculated average power of the two or more signals. It will be understood

that In this embodiment, the measured change In the power level of the two or more
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acoustic signals occurs as the acoustic signal moves through the mixture comprising the
target component, and I1s the average change In the power of the two or more acoustic

signals.

[0030] In an embodiment, the controller 1s programmed to generate a signal for the
at least one transducer upon the Input of an external command which generates an

acoustic signal for transmission into the mixture.

[0031] In an embodiment, the controller iIs programmed to control the at least one

signal to generate a periodic acoustic signal.

[0032] In another embodiment, the controller is programmed to control the at least

one signal to generate a continuous acoustic signal.

[0033] In an embodiment, the system utilizes high powered, low to medium
frequency (approx. 20 kHz), transducers that are iImpedance matched to operate as sonar
transducers within liquid media. The transducers may have variable drive levels that are
capable of manual operation to produce different power outputs from the operating

diaphragms.

[0034] In an embodiment In which three transducers are adopted In a linear array,
the power output of the three transducers Is averaged and a 4-20ma analogue output Is

provided that is proportional to the change Iin power output of the transducers.

[0035] In embodiments In which a solids concentration profile of the entire tank is
required, up to 80 Iindividual transducers may be used, with each individual transducer
identified and the output from each transducer transmitted, by a communication protocol,

to a control system.

[0036] The system and method of the Invention enables measuring the
concentration of suspended solids over a wide concentration range and In an
embodiment, the system Is configured to measure suspended solids concentration

ranging from about 20% to about 65% (w/v).
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[0037] When producing power outputs greater than 100 watts, the transducers
require cooling.
[0038] When operating the one or more transducers at a fixed voltage level and

frequency In an agueous medium, It IS observed that the transducer power output as
measured In clean water increases, proportionally, with an increase in the amount of
solids within the agueous medium immediately Iin front of the transducer operating
diaphragm. Without being bound by theory, it iIs considered that the observed change
(Increase) In power level required to operate the transducers with a fixed voltage and
frequency Is caused by "acoustic reflective impedance”. "Acoustic reflective impedance”
IS the ratio of acoustic pressure to acoustic volume flow and it I1s postulated that acoustic
reflective iImpedance changes in accordance with the concentration of suspended solids

within a liquid medium.

[0039] It 1s further postulated that when an acoustic signal I1s generated and
transmitted through a mixture and encounters the surface of any solid particles
suspended In the liquid mixture, the signal Is reflected from the solid particles back
towards the operating diaphragm of the transducer(s). Accordingly, as the solids
concentration within a liguid medium Increases, a proportional change In acoustic

reflective Impedance and a proportional change In transducer power output IS observed.

[0040] In an embodiment, the liquid layer I1s agitated and aerated In the flotation
tank, such that gas bubbles ascend through the liquid layer to produce a froth layer. Whilst
the acoustic iImpedance changes due to any Increase In the suspended solids
concentration and the required transducer power output Increases, it has been noted that
the acoustic Impedance and transducer power output remains substantially unaffected by
the presence of gas bubbles within the liguid medium. It I1s thought that this may be due
to the fact that the gas bubbles, unlike solid particles, are able to be compressed and
disperse on contact with the acoustic signal and therefore do not contribute to the acoustic
Impedance and reflection of the acoustic signal back to the transducer operating

diaphragm.

[0041] Accordingly, the system and method of the present invention may be used

IN various embodiments to determine the suspended solids concentration within a liquid
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medium even In the presence of gas bubbles that are produced as a result of aeration of

the medium during the froth flotation process.

[0042] The transducers may also be controlled to produce high power outputs that
assist in eliminating accumulation of scale from the operating diaphragm immersed within
the mixture. In embodiments, the controller 1s further adapted to control each transducer
to operate In a cleaning mode for generating a signal which forms cavitation in the
mixture, such that, if one or more substances within the mixture has accumulated at or
near the transducer, the cavitation removes at least some of the accumulation from on
and/or near the transducer. In this regard, the pulse amplitude of the signal I1s sufficient
to cause a phenomenon called “rarefaction”, which In turn causes cavitation. The
cavitation may result in any accumulated substance dissolving, If it Is a substance soluble
IN the slurry medium (usually water), and if the cavitation energy Is sufficient to effect such
dissolving. The cavitation may result in an accumulated substance being displaceq, if it

IS not soluble In the slurry medium, for example, olil, grease and scale.

[0043] It will be appreciated that the system and method of the invention may be
used to determine the concentration of a target component within a mixture, for example,
the concentration of suspended solids within a slurry. In embodiments, the slurry iIs
contained within a flotation vessel In which valuable material (ore) I1s separated from

waste material or gangue.

[0044] In another aspect, the present invention provides a system configured to
determine the suspended solids concentration of a slurry, the system Including at least
one acoustic transducer located within the slurry, a controller generating an input signal
for the at least one transducer thus generating an acoustic signal in the mixture and
transmitting same for transmission towards the suspended solids within the mixture,
wherein the acoustic signal 1s generated at a known and fixed power level, and a
processor for measuring a change in the power level of the acoustic transducers as the
acoustic signal 1s transmitted through the slurry wherein the magnitude of the change In

power level is used to determine the concentration of the suspended solids In the slurry.

[0045] In yet another aspect, the present Invention provides a method of

determining the suspended solids concentration of a slurry, the method Including the



CA 03046338 2015-06-07

WO 2017/096416 PCT/AU2016/000394
11

steps of generating In at least one transducer, an acoustic signal at a known and fixed
power level, measuring a change In the power level of the one or more acoustic
transducers as the acoustic signal is transmitted through the slurry, wherein the detection
of a change In the power level of the one or more transducers Is used to Indicate the
presence of suspended solids In the slurry, and wherein the magnitude of the change In
the power level of the one or more transducers I1s used to determine the suspended solids

concentration of the slurry.

[0046] In an embodiment, the slurry 1s contained within a froth flotation tank and
Includes a bottom-most liquid layer, an intermediate froth layer and a top-most gaseous
layer wherein the one or more transducers of the array are submerged within the bottom-
most liquid layer of the slurry. It will be appreciated that one of the benefits of the presently
described system and method of the Iinvention Is that the concentration of suspended
solids within the slurry liquid layer may be continuously monitored and measured with
sufficient accuracy and without the need for any manual handling or system downtime
during suspended solids analysis and/or equipment maintenance. Accordingly, a system
operator may be located geographically remote from the tank and still ensure that the

process IS running optimally and at peak efficiency.

[0047] In other embodiments It Is contemplated that the system and method can
be arranged so as to give feedback of the suspended solids concentration in the liquid
layer of the flotation tank directly to an automated Iinput means. In this regard, the
processor may be configured to send information to a controller for controlling, for
example, dart valves, which regulate flow of liquid Into the flotation tank; agitators
(Including iImpellers located In the tank); or; aerators (including aeration tubes connected
to the tank), or any other devices for regulating or controlling the operation of the tank. In

this regard, the flotation tank can be made autonomous or semi-autonomous.

[0048] In an embodiment, the liquid layer 1s a slurry or pulp containing layer of at
least one mineral. The flotation tank could be used for processing various products from
mining and other geological extraction methods, such as: copper, molybdenum, goldq,
silver, lead, nickel, iron ore, coal, potash, oil and oll sands, gypsum and many other
substances. However It IS also contemplated that the system and method of the invention

could be applied to other processes outside of minerals processing, such as food or
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beverage production or other types of manufacturing where measurement of the
suspended solids concentration of a slurry by acoustic measurement can provide an
advantage over other types of measurement. It 1Is important to note that the system and
method of the present invention may be used to determine the concentration of
suspended solids In a liquid irrespective of whether or not the liquid 1s subjected to
aeration. However, It 1s particularly advantageous that the system and method of the
present invention 1s capable of determining the concentration of suspended solids In a
liquid that 1s subject to varying levels of aeration without any noticeable effect upon the
determination of the concentration of solids in the liquid. It 1s postulated that the presence
of air bubbles In a liquid medium does not affect the result of the determination since the
alr bubble does not present any acoustic reflective impedance and hence does not cause
any significant change to the power required to generate and transmit the acoustic signal

through the mixture.

[0049] Embodiments of the invention will now be described In further detail with

reference to the accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0050]

[0051)

[0052]

[0053]

[0054]

FIG. 1 1s a cross-sectional view of a vessel and system in accordance with

an embodiment of the present invention;

FIG. 2 1s a partially cut away perspective view of a flotation tank with

transducer array in accordance with an embodiment of the invention;

FIG. 3 is a perspective view of an alternative embodiment of an array having

three (3) transducers In a linear configuration:

FIG. 4 1s a perspective view of a single array with eight (8) transducers in

an array according to an alternative embodiment of the invention;

FIG. 5 is a perspective view of an extended array of a plurality of arrays, in

accordance with yet another embodiment of the invention.
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DETAILED DESCRIPTION OF EMBODIMENT(S) OF THE INVENTION

[0055] The system according to any embodiment of the invention and as shown In
Figure 1 will now be described. This figure shows flotation tank 32 with liquid layer 36, a
froth layer 38 and an air layer 40 with interfaces 37, 39 therebetween. Liquid layer 36 also

has solids 41 suspended therethrough.

[0056] As Is further shown In Figure 1, extended array 30 Is submerged within liquid
layer 36 comprising suspended solids 41. Figure 1 further shows controller 42 for
controlling the operation of extended array 30. Also shown 1s monitoring apparatus 44
(which In embodiments may also include the processor for processing the power output
from the transducer array). It will be understood that the monitor may be geographically

proximal to the flotation tank, or remote.

[0057] With reference to Figure 2, further features of flotation tank 32 1s shown,
this time without the controller, processor or monitoring apparatus shown in Figure 1. As
shown In Figure 2, tank 32 also has an aerator 110, including a motor 112, a shaft 114
and blades 116. Tank 32 also Iincludes a submerged array of an extended array 30B of
transducers 12 within liquid layer 36 which are used to conduct online sampling of the
suspended solids 41 concentration within liquid layer 36. In this embodiment, extended
array 30B Includes two component arrays 10 each with eight transducers 12 arranged in
a single line to form an extended array of a linear configuration. The array 30B Is
substantially vertically mounted In tank 32 and therefore spans the height of the liquid
layer 36 so as to obtain a measurement of the suspended solids substantially throughout

the entire liquid layer 36.

[0058] Whilst the extended array 30B shown In Figure 2 has 16 transducers In total
(across the two array components 10 each with eight transducers 12 within the extended
array 30B), it will be appreciated that any number of transducers may be adopted In the
system of the invention ranging from a system with a single transducer to a system having
an array of about 80 transducers for very large tanks where a total solids concentration

profile of the entire flotation vessel Is required.
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[0059] In an embodiment, the system includes three transducers 12 located in an
array 10A as shown In Figure 3. In certain embodiments, the measured power output of
the transducers I1s the calculated average of the power output across the plurality of
transducers and in the embodiment shown In Figure 3, the measured power output Is the
average power output across all three transducers 12. Figure 3 also shows transducers

12 arranged In housing 14.

[0060] In another embodiment shown In Figure 4, the system Includes transducer
array 10B Including eight transducers 12, mounted in the transducer array housing 14B
IN a single line, and closely spaced (or abutting each other). The transducer array 108

may form an array component in an extended array 30B (see Figures 2).

[0061] Figure 5 shows an embodiment wherein four transducer arrays 10B form
transducer array components, and are connected together so as to form an extended
array 30C. The array components 10B are connected together via bolt holes 22 and
connecting bolts 24. However, 1t will be understood that there may be other means of
connecting array components 10B together so as to form the extended array 30C. A bus
(not shown) may data connect the array components together, so that data Is transmitted
between the arrays, the transducers of the arrays, the controller and the processor.
However an efficient design may include only one controller and one processor for the

system and method of the invention.

[0062] In embodiments, the aerator can be controlled by the system processor so
as to set the speed of rotation, and thus the amount of aeration. This can control the
amount of froth production and alter the suspended solids concentration within the slurry.
In some other types of flotation tank, the aeration Is provided via aeration tubes in which
alr Is pumped Into the liquid. These aeration tubes can also be controlled by the processor

to regulate aeration In the tank.

[0063] Referring once again to Figure 1, froth layer 38 containing the mineral
concentrate may be periodically removed from tank 32 through pipe 33 Into a collection
vessel such as a launder (not shown) where further processing of the mineral concentrate
occurs. In embodiments, system 1, through the system processor, may also control the

rate at which the mineral concentrate 1s removed from tank 32.
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[0064] The feed rate of water and/or mineral material to be processed into tank 32
may also be controlled by the system processor. It will be appreciated that in order to
achieve optimum process efficiency and operation, the suspended solids concentration
within a flotation tank iIs typically maintained at 30-40% (w/v) suspended solids. The ability
to conduct continuous online sampling of the suspended solids concentration within the
tank therefore allows continuous and rapid adjustment of the process conditions. For
example the feed rate of water and/or mineral matenal into the tank may be continuously
adjusted In response to the online sample readings of the suspended solids concentration
using system 1, so as to maintain the suspended solids concentration within tank 32

within an acceptable concentration range.

[0065] In embodiments, transducers may be Commercial Off-The-Shelf (COTS)
type products. Often such transducers have their own outer protection and/or casing,
which may be suitable for mining applications. The system and method may provide
additional protection by using an outer casing or housing, which also provides protection
for any electronics, along with providing extra protection for the transducers. In some
embodiments, spacers Iin the outer casing/housing may be filled with a substance, such
as an epoxy resin, for reinforcement of the casing/housing in the high pressure conditions

of the flotation cell/flotation tank.

[0066] Where 1t I1s desired to provide an extended array, the array components
(transducer arrays) are connected with each other so as to form an extended longitudinal
array. In such an embodiment, there may be provided a bus connection between the array
components (array modules). It will be understood that any such bus connections, along
with all other electronic components situated In the flotation cell/flotation tank, must be
protected against the conditions produced by substances In the flotation cell/flotation
tank, and so must be enclosed In the array components, and must also be enclosed when

the array components are connected together to form the extended array.

[0067] In an embodiment, the system may include a housing for the array. The

housing may be made from glass-reinforced propylene or ABS. It has been found that
propylene assists In avoiding scale build-up, and Is therefore easier for cleaning of the

housing.
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[0068] In an embodiment, the transducer array, or extended array, may be pulsed
so that all transducers In the array produce cavitation for self-cleaning at the same time.

This facility may be useful for inter-operation cleaning purposes.

[0069] It will be appreciated that improved efficiencies will be gained through the
ability to continuously adjust and control the aeration rate Iin response to the measured
concentration of suspended solids in a mineral flotation process. Such automatic and
continuous control avoids overdosing with reagent which not only improves the froth

structure, but also improves process economics.

[0070] The system and method according to embodiments of the invention will now
be further described with reference to the following experimental tests conducted to
demonstrate the principle of operation of the system and method according to

embodiments of the invention.

Experimental test 1 - Measurement of change In acoustic reflective impedance

transducer power output) with change 1n surface area of perforated plates simulatinc

varying target densities

Test 1(a) — small scale test in the absence of medium aeration

[0071] In order to demonstrate the change In acoustic iImpedance (transducer
power output) with varying target densities, perforated plates of varying hole sizes (and
hence varying surface areas) were adopted and placed In front of the operating
diaphragm of transducers located within a transducer array immersed In an agueous

medium.

[0072] It will be appreciated that the perforated plates with varying hole sizes were
designed to simulate varying target densities as would be observed in situations where
the system of the invention 1s used to determine the concentration (i.e., density) of solids
suspended within an agueous medium. A practical example of where such a system
would find use Is In froth flotation systems that are generally used in minerals processing,
wherein the slurry 1s a dynamic system in which the suspended solids concentration (i.e.,

solids density) changes with time.
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[0073] The test was undertaken Iin a tank of dimensions H: 600cm x W: 500cm X
D: 400cm which was filled with water and fitted with a linear array of three transducers

(as shown In, for example, Figure 2). No aeration of the tank was performed.

[0074] The acoustic transducers were calibrated to 90W In clean water by
adjusting the drive voltage level. Each test run was performed with a different perforated
plate having a specific hole-size (and hence surface area/simulated solid density). Each
plate was immersed In water and placed In front of the operating diaphragm of the
acoustic transducers. In each test run, it was ensured that the perforated plate completely

covered the operating diaphragm of each transducer.

The following results were observed:

Plate no o Surface area Measured change In
average Power (W)
Closed Open
L 23 77 116
2 42 58 133
. 60 40 142
y 80 20 160
[0075] As 1S demonstrated by the above results, an increase In transducer power

output I1s observed as the % surface area of the perforated plate (i.e., simulated solids

density) Increases.

Test 1(b) — small scale test in the presence of medium aeration

[0076] Test 1(a) was repeated, this time, In the presence of aeration In order to
determine the effect, If any, of the presence of gas bubbles on the power output level of
the transducers with varying solids density. The aeration flow rate was Initially lowered to

the lowest possible flowrate and then progressively raised to the maximum flowrate.

[0077] Each perforated plate (1 to 4 — see Test 1(a)) was tested at each aeration
level and similar results were obtained to those obtained in Test 1(a) with a £1% change

INn average power output (W) observed from minimum aeration flowrate to maximum
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aeration flowrate for all plates 1 to 4. This demonstrates that the system and method of
the present invention Is independent of, or unaffected by, the presence of gas bubbles

during aeration of the medium.

Experimental test 2 - Measurement of change In acoustic reflective impedance
transducer power output) with change In suspended solids density (soil) within an

agueous medium

[0078] The test was undertaken In an aeration tank of dimensions 3m high and
1.5m diameter which was filled with water and fitted with a linear array of three
transducers. Medium aeration of the tank was performed. Aeration was performed using
sintered filters that produced bubbles concentration of <3mm. No air flow rates were

measured.

[0079] The acoustic transducers were calibrated to 90 Watts in clean water by
adjusting the drive voltage level and with rates of aeration varying from minimum to
maximum aeration, similar results with the perforated plates were obtained as compared

with Experimental Test 1.

[0080] As solids were gradually introduced into the liquid In the tank, changes to
the power supplied to the transducers was measured and a similar correlation of the solid
material in suspension as compared with the input power to the transducers operating at

a fixed and known voltage and frequency.

[0081] Solids (soll particles) progressively settle out of the suspension over time,
the average input power to operate the transducers decreased thereby clearly providing
further confirmation of a correlation between suspended solids density and transducer

average power (W).

Experimental Test 3: Measurement of change Iin power level with change In suspended

solids density

[0082] Testing was performed In a vessel of dimensions (600 x 400 x 260mm)

using the apparatus of the present invention including three standard 20 kHz transducers.
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[0083] Testing was performed In 25 litres of water using a suspended solids
concentration ranging between 0% to 46% (w/v) which covers the range of suspended

solids concentration typically observed in industrial floatation cells (i.e., about 20% to 40%

(wW/v) with an optimal solids loading of about 30% to about 40% (w/v)).

[0084] Uniform mixing of the contents was maintained throughout the vessel with
the use of 2 high speed agitators controlled at an appropriate RPM In order to maintain

the solids In suspension over the concentration ranged tested.

[0085] Diatomaceous earth (food grade, 200 microns) was adopted as the
suspended solids during testing (refer to Test 3(a) results). Further testing was conducted
using food grade diatomaceous earth at 500 microns particle size (refer to Test 3(b)

results).

[0086] Food grade diatomaceous earth (200 and 500 microns) was chosen for
testing as this matenal 1s free of impurities and its behaviour and characteristics
approximate that of copper, gold and nickel particles that are typically observed In
floatation cells of industrial mining processes. The selected particle sizes also cover the

particle size range typically observed In floatation cells of industrial mining processes.

Test 3(a) with food grade diatomaceous earth (200 micron

[0087] Whilst agitating the vessel contents at a 0% (w/v) solids In suspension, the

acoustic transducers were calibrated at an initial set point of 82 watts.

[0088] One percent (250 g) increments of diatomaceous earth was tested by
welghing each batch and measuring the average power output of three sample pulses of

the transducers. The following results were observed:
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Solids % (w/v)

Measured Watts (Average of

three pulses)
82
93
96
98
99
101
103
104
105
107
110

O OO N| O Of &~ W N = O

—
-

Test 3(b) with food grade diatomaceous earth (200 micron

[0089] Further testing was conducted in which the suspended solids concentration

within the vessel was progressively increased by 4% (w/v) increments (1000 g).

[0090] Diatomaceous earth (food grade, 500 microns) was adopted as the

suspended solids during this further testing. All other parameters were as for Test 3(a).

[0091] The following results were observed with this further test (Test 3(b)):

Solids % (w/v)

Measured Watts (Average of

three pulses)

14 117
18 126
22 133
26 144
30 152

34 199
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38 167
42 171
46 176
[0092] Accordingly, as the results of Tests 3(a) and 3(b) demonstrate, there Is an

observable and repeatable trend between the suspended solids concentration and the
measured power (W) upon transmission of an acoustic, fixed frequency, acoustic pulse,
through the slurry. In particular, as the suspended solids concentration of the slurry

INncreases, a corresponding increase In the measured power (W) IS observed.

[0093] It will be appreciated that this method of measurement and the observable
trend between suspended solids concentration and measured power (W) output may
provide mining companies and the like with advantages in controlling their floatation cell

operation, or any vessel iIn which the suspended solids concentration Is to be measured.

[0094] Accordingly, the system and method of the invention I1s not only able to
provide results that are indicative of increased suspended solids concentration within a
floatation vessel (or the like), but Is also a self-cleaning system due to the ability to iInduce
cavitation In the mixture (slurry) which Is desirable from a processing and operating

efficiency perspective.

[0095] In embodiments, the system and method of the invention are substantially

unaffected by the presence of gaseous medium within the slurry.

[0096] In embodiments, system and method enables continuous sampling of the
suspended solids and allows for automatic feedback to the reagent dosing tank for both

water addition/subtraction to provide a constant desired average solids concentration (30-
40% wiv).

[0097] Embodiments of the system are suited for use In the harsh conditions that
typically exist in mineral processing and is also suited for use in all Sulphides minerals in

the flotation cell process.
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[0098] Any reference to prior art in this specification is not, and should not be taken
as, an acknowledgement, or any suggestion, that the prior art forms part of the common

general knowledge.

[0099] It will be appreciated by persons skilled Iin the relevant field of technology
that numerous variations and/or modifications may be made to the invention as detailed
In the embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are therefore to be considered In all aspects as

llustrative and not restrictive.
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The claims defining the invention are as follows:

1. An apparatus to determine the concentration of a target component in a mixture,
the apparatus including:

at least one acoustic transducer located within the mixture;

a controller generating a signal for the at least one acoustic transducer that's
generating an acoustic signal in the mixture and transmitting same toward the target
component within the mixture, wherein the acoustic signal I1s generated with a known
power level; and

a processor for measuring change In the power level of the at least one acoustic
transducer as the acoustic signal Is transmitted through the mixture, wherein the
magnitude of the change In signal power determines the concentration of the target

component in the mixture.

2. An apparatus according to claim 1 including two or more transducers located In a
linear array.
3. An apparatus according to either of claim 1 or claim 2 including three transducers

located In a linear array.

4 An apparatus according to any one of the preceding claims where the at least one

array Includes a plurality of arrays connectable with each other to form an extended array.

D. An apparatus according to any one of the preceding claims wherein when two or
more transducers are located in the mixture, the measured power of the acoustic signal

IS the average power of the two or more transducers.

0. An apparatus according to any one of the preceding claims wherein the controller
IS programmed to control two or more transducers to generate an acoustic signal, wherein

the power of the two or more acoustic signals I1s the calculated average power of the two

or more signals.
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/. An apparatus according to any one of the preceding claims wherein the controller
IS programmed to generate a signal for the at least one transducer upon Input of an

external command which generates an acoustic signal for transmission into the mixture.

8. An apparatus according to any one of the preceding claims wherein the controller

IS programmed to control the at least one signal to generate a periodic acoustic signal.

9. An apparatus according to any one of the preceding claims wherein the controller

IS programmed to control the at least one signal to generate a continuous acoustic signal.

10.  An apparatus according fo any one of the preceding claims wherein the apparatus

utilizes high powered, low to medium frequency transducers.

11.  An apparatus according to any one of the preceding claims wherein the target
component Is suspended solids and the apparatus Is configured to measure suspended

solids concentration ranging from about 20% to about 65% (w/v).

12.  An apparatus according to any one of the preceding claims wherein the apparatus
IS used to determine a suspended solids concentration within a liguid medium, wherein

the change In power level I1s substantially unaffected by the presence of a gaseous

medium within the liquid medium.

13. An apparatus according to either one of claims 11 or 12 wherein a substantially

linear relationship I1Is observed between the suspended solids concentration and the

measured power level.

14.  An apparatus according to any one of the preceding claims wherein the controller

IS adapted to control each transducer to operate in a cleaning mode for generating a

signal which forms cavitation in the mixture.

15. A control system configured to determine the concentration of a target component

within a mixture, the system including an apparatus having:

at least one acoustic transducer located within the mixture;
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a controller for generating an Iinput signal for the at least one transducer thus
generating an acoustic signal in the mixture and transmitting same for transmission
towards the target component within the mixture, wherein the acoustic signal I1s generated
at a known and fixed power level, and

a processor for measuring a change in the power level of the acoustic transducers
as the acoustic signal 1s transmitted through the mixture wherein the magnitude of the
change In power level I1s used to determine the concentration of the target component In
the mixture;

wherein the apparatus generates a control signal representative of the
concentration of the target component, said control signal used to control one or more

additional controllers.

16. A method to determine the concentration of a target component in a mixture, the
method including the steps of:

generating a signal for at least one acoustic transducer, thus generating an acoustic
signal and controlling the power of the acoustic signal;

measuring any change In the power of the at least one acoustic signal as the acoustic
signal 1s transmitted through the mixture; wherein

the detection of a change In the power of at least one acoustic signal is indicative of
the presence of the target component in the mixture; and wherein

the magnitude of change in the power of the at least one acoustic signal determines

the concentration of the target component in the mixture.

17. A method according to claim 16 wherein the mixture 1s contained within a flotation
tank that includes a bottom-most liquid layer, an intermediate froth layer and a top-most
gaseous layer, wherein the one or more transducers are submerged within the bottom-

most liquid layer of the mixture.

18. A method according to either one of claims 16 or 17 wherein the mixture 1s a slurry

or pulp containing at least one mineral.

19. A method according to any one of claims 16 to 18 wherein the change in power
level Is substantially unaffected by the presence of gaseous medium within the liquid

medium.
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20. A method according to any one of claims 16 to 19 wherein a substantially linear
relationship I1s observed between the concentration of the target component in the mixture

and the measured power level.
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