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(57) Abstract: A mass flow metering system 1 according to the invention comprises a metered vessel 2 for receiving a flow of froth

& via a conduit 11. The metered vessel 2 is suspended from mass measuring means In the form of load cells 8, 9 and 10 within a
& second outer vessel 14. The metered vessel 2 has discharge opening 13 for discharging the froth from the vessel, and a discharge
N control valve 3 associated with the opening for controlling the discharge of froth from the metered vessel. The metered vessel 2 has
a level sensor 5, located in the metered vessel at a predetermined level and associated with the valve 3 for opening the valve when the
predetermined froth level is reached. In use, the system operates periodically and in cycles, which alternates between a measuring
g cycle and a cleaning cycle. There is further provided a method of measuring the mass flow of continuous flowing slurry in line.
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MASS FLOW METERING SYSTEM

TECHICAL FIELD

5  This invention relates to a mass flow metering system for measuting the mass
flow of fluids and to a method of measuring such the mass flow. Particularly
but not exclusively, the invention relates to a system and a method for
periodically measuring the mass flow of continuously flowing slurries, such as
mineral Iaderi froth,

10
BACKGROUND ART

The use of flow meifers and samplers in chemical and metallurgical processes
is well known, with the difficulty of representative and accurate samples and

15 measurements being exacerbated by heterogeneous, dynamic and non-
steady state flows, such as in slurries.

The above difficulty is particularly prevalent in unstable slurries such as froth,
where the physical characteristics of the liquid medium are materially
20 influenced by the characteristics of the froth bubbles.

The volumetric flow of froth, such as that produced in a flotation process, can
be determined to some degree of accuracy by methods known in the art.
However, as a result of the significant influence of aspects such as the
25 physical characteristics and mineralogy of the solids constituent in the slurry
as well as the bubble characteristics of the froth, on the mineral loading of the
froth over time, volumetric flow often provides inaccurate calculations of the
mass flow of the froth. It also is problematic to sample froth representatively
and repetitively, particularly due to the continuously varying density of the
30 froth. The difficulty with and inaccuracy of sampling and measuring the weight
of a froth sample is often inversely proportionate to the size of the sampler
used, making the measuring of the mass of bulk froth over time impragctical.
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An additionat difficulty of measuring the mass flow of froth repeatedly is that
35 the solid particles tend to deposit on the walls of the sampler, causing fouling
and contamination of the sampler and subsequent samples.

Bulk mass flow meters are known in the art. EP O 657022 discloses a mass
flow meter suitable for measuring the mass flow of milk. An oufer conduit,

40  which is suspended within a housing by a force transducer system, in the form
of a load cell, is disclosed. The mass of the conduit is continuously recorded
and the density of its content is calculated. From the density and volume flow,
the mass fiow can be calculated. This fype of mass flow meter is effective in
measuring the mass flow of liquids of varying density such as milk, but does

45 not overcome the difficulties associated with heterogeneous and multi-phase
fluids such as slurries, particularly froth.

Methods of measuring bulk mass flows are also known in the art, US4726896
discloses a method of measuring the mass flow of a slurry. A micro motion
50 meter is used to measure the flow rate and density. However, this method
does not overcome the difficulties associated with bulk froth flow from muitiple
fiotation cells on a commercial scale such as in a large metallurgical

operation.

55 It is therefore an object of this invention to provide a mass flow metering
system, suitable for measuring the mass flow of froth produced in a large-
scale metallurgical operation, and to provide a method for measuring the

mass flow of froth that will overcome at least some of the above difficulties.

60 DISCLOSURE OF THE INVENTION

According to a first aspect of the invention there is provided an in-line mass

flow metering system comprising:
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a volumetrically metered vessel, configured and dimensioned to receive a
65 metered volume of at least a substantial fraction of a continuous slurry

flow;

time measuring means for measuring the fime for filling the metered

volume with sturry;

mass measuring means for measuring the mass of the metered volume of
70 slurry in the metered vessel;

a discharge valve, to discharge siurry from the metered vessel; and

valve control means for controlling the discharge of slurry from the

metered vessel.

75 The system may include a metered fluid addition facility to facilitate the
dispersion of froth in the metered vessel. Preferably, the mass fiow meter
also includes a rinse fluid facility to facilitate the rinsing of the metered vessel
after slurry discharge,

80 The metered vessel may be provided with an overflow to facilitate continuous
slurry flow in the event of slectric or mechanical failure of the valve.

The overflow is preferably provided by a second, outer vessel, configured and
dimensioned to receive the metered vessel operationally therein.

85
The metered vessel may be suspended on load cells to provide the mass
measuring means for measuring the mass of the metered volume of slurry

within the metered vessel.

90 The metered vessel may be provided with a level sensor, located at a pre-
determined level within the metered vessel in accordance with the pre-
determined metered volume and to ensure a repeatably, volumetrically
constant mass measurement,

95  The system may be provided with processing means for calculating the mass
flow on a semi-continuous basis to provide real time information on the mass
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flow of the slurry. The processing means may include a Process Logic
Controller (“PLC") or other dedicated electronic device.

100 The fluid may comprise water, and the water may contain a reagent, such as
a surfactant, for accelerating the rate at which the bubbles of the froth are

dispersed so as to form stable slurry.

The level sensor may be in communication with the PLC for opening and
105 closing the valve. The level sensor may be a vibrating fork-type sensor.

The valve control means may be in communication with the valve as well as
the load cells and the level sensor. The valve control means may be provided

by the PLC.
110
The time measuring means may be in communication with the level sensor
and the valve.
The load cells preferably are of the bending beam-type load cells.
115

The valve is preferably a dart or pinch valve.

According to a second aspect of the invention there is provided a method of
measuring the mass flow of a continuous flowing slurty in-line, the method
120  including the steps of:
periodically filling a metered volume with at least a substantial fraction of a
continuous sturry flow;
measuring the time for filling each metered volume with the slurry;
measuting the mass of each metered volume of slurry; and
125 discharging each metered volume of slurry into the slurry flow.

The method may include the step of adding a metered volume of fluid to the
siurry sample during filling to facilitate the dispersion of froth in the metered
vessel.

130
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The method further may include the step of adding rinse fluid for rinsing the
metered vessel after slutry discharge.

BRIEF DESCRIPTION OF THE DRAWING

135
The invention is described below by way of example only and with reference
to the accampanying drawing, which shows the mass flow meter.

140 BEST METHOD OF CARRYING OUT THE INVENTION

With reference to Figure 1, a mass flow meter is generally indicated by

reference numeral 1.

145 The mass flow metering system 1 comprises a metered vessel 2 for receiving
a flow of froth via a conduit 11. The metered vessel 2 is suspended from mass
measuring means in the form of load cells 8, 9 and 10 within a second outer
vessel 14. The metered vessel 2 has discharge opening 13 for discharging the
froth from the vessel, and a discharge conirol valve 3 associated with the

150 opening for controlling the discharge of froth from the metered vessel.

The metered vessel 2 has a level sensor 5, located in the metered vessel at a
predetermined level and associated with the valve 3 for opening the valve
when the predetermined froth level is reached. ‘

155
In use, the system operates periodically and in cycles, which alternates
between a measuring cycle and a cleaning cycle.
The cycles are as follows:

160

The Measuring Cycle

Pinch valve 3 of container 2 is closed. Froth from a flotation process in a
minerals beneficiation operation is delivered through conduit 11, into container
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165 2. Spray water valve 6 is opened and spray water is concurrently sprayed into
container 2, through a spray nozzle 4, thereby to reduce the froth to a liquid

mixture.

A flow meter 12 measures the flow of spray water to container 2. The liquid

170 mixture accumulates within container 2, until the level in the container reaches
the level at which a fork type level sensor 5 is located. The level sensor 5 is
located at a predetermined level in the container, such that the volume
defined up to the sensor is known. Level sensor 5, load cells 8, 9 and 10 are
in communication with PLC 7.

175
When the fluid level in container 2 reaches sensor 5, the weight of the liquid in
the container, the time consumed to fill container and the volume of spray
water added is recorded by the PLC. The PLC now calculates the mass flow
of froth by means of a mass balance caiculation. ‘

180 '

The Cleaning Cycle

After recordal of the data, pinch valve 3 is open and liquid is dispensed from
container 2. Spray water valve 6 is closed and cleaning water valve 15 is

185 open. The mass flow meter is operated on the cleaning cycle for 20 minutes,
after which time it is reverted back to the measuring cycle.

Opening and closing of the valves is affected by means of solenoid actuators.
Spray water nozzle 4 and cleaning water nozzle 9 is in fluid communication

190 with a source of water under 4 Bar pressure. Pinch valve 3 is in fluid
communication with a source of air under a pressure of 4 Bar, for pressure
closing of the valve.

A canstant flow of frath is received into container 2, via conduit 11, both when

195  the mass flow meter is in both the measuring and cleaning c¢ycle, This allows
for uninterrupted operation of the floatation process and for continuous
measurement of the mass flow of froth. The mass flow meter continuously
alternates between the measuring and the cleaning cycle.
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200 It will be appreciated that many variations in detail are possible without
depatting from the scope and/or spirif of the inventions as defined in the
consistory clauses herein before.
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CLAIMS:
205 1. An in-line mass flow metering system comprising
a volumetrically metered vessel, configured and dimensioned {0
receive a metered volume of at least a substantial fraction of a
continuous slutry flow;
time measuring means for measuring the time for filling the metered
210 volume with sturry,
mass measuring means for measuring the mass of the metered volume
of siurry in the metered vessel;
a discharge valve, to discharge slurry from the metered vessel; and
vailve control means for controlling the discharge of slurry from the
215 metered vessel.

2. A mass flow metering system according to claim 1 including a metered
fluid addition facility to facilitate the dispersion of fluid in the metered
vessal.

220
3. A mass flow metering system according to claim 2, wherein the fluid

dispersed is froth.

4. A mass flow metering system according to claim 1, 2 or 3, wherein the
225 mass flow meter also includes a rinse fluid facility to facilitate the
rinsing of the metered vessel after slurry discharge.

5. A mass flow metering system according to any of claims 1 to 4,

wherein the metered vessel is provided with an overflow to facilitate

230 continuous slurry flow in the event of electric or mechanical failure of
the valve.

6. A mass flow metering system according to any of claims 1 fo &,

wherein the overflow is preferably provided by a second outer vessel,

235 configured and dimensioned to receive the metered vessel
operationally therein.
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260
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270

7. A mass flow metering system according to any of claims 1 {o 6,
wherein the metered vessel is suspended on load cells to provide the
mass measuring means for measuring the mass of the metered volume
of slurry within the metered vessel,

8. A mass flow meteting system according to any of claims 1 to 7,
wherein the metered vessel is provided with a level sensor.

9. A mass flow meteting system according to claim 8, wherein the level
sensor is located at a pre-determined level within the metered vessel in
accordance with the pre-determined metered volume to ensure a
repeatably, volumelrically constant mass measurement.

10.A mass flow metering system according to any of claims 1 to 9,
wherein the system is provided with processing means for calculating
the mass flow.,

11. A mass flow metering system according to claim 10, wherein the
processing means calculates the mass flow on a semi-continuous basis
fo provide real time information on the mass flow of the slurry.

12. A mass flow metering system according fo claim 10 or 11, wherein the
processing means includes a Process Logic Controller.

13, A mass flow metering system according to claim 2, wherein the fluid
comprises water,

14. A mass flow metering system according to claim 13, wherein the water
contains a reagent.

15.A mass flow metering system according to claim 14, wherein the
reagent is a surfactant, for accelerating the rate at which the bubbles of
the froth are dispersed so as to form stable slurry.

PCT/IB2004/050847
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16.A mass flow metering system according to claim 12, wherein the level
sensor is in communication with the PLC for opening and closing the
valve,

17.A mass flow metering system according to any of claims 8 1o 18,
wherein the level sensor is a vibrating fork-type sensor.

18.A mass flow metering system according to any of claims 8 to 17,
wherein the valve control means is in communication with the valve,
the load cells and the level sensor.

19.A mass flow metering system according to any of claims 12 {o 18,
wherein the valve control means is provided by the PLC.

20.A mass flow metering system according to any of claims 8 to 19,
wherein the time measuring means may be in communication with the
level sensor and the valve.

21.A mass flow metering system according to any of claims 7 to 20,
wherein the load cells are of the bending beam-type load cells.

22.A mass flow metering system according to any of claims 1 to 21,
wherein the valve is a pinch valve,

23.A mass flow metering system according to any of ctaims 1 to 21,
wherein the valve is a dart valve.

24. A method of measuring the mass flow of continuous flowing slurry in-
line, the method including the steps of
periodically filling a metered volume with at least a substantial
fraction of a continuous slurry fiow;
measuring the time for filling each metered volume with the
slurry;
measuring the mass of each metered volume of slurry; and
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11

discharging each metered volume of slurry into the shurry flow,

25.A method of measuring the mass flow of continuous flowing slurry in-

line according to claim 23, further including the step of adding a

310 metered volume of fluid to the slurty sample during filling to facilitate
the dispersion of froth in the metered vessel.

26.A method of measuring the mass flow of continuous flowing slurry in-

line according to claim 23 or 24, further including the step of adding
315 rinse fluid for rinsing the metered vessel after slurry discharge.

320
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