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SUMMARY 

 
 
Losses of medium solids in dense medium plants represent a significant 
operating cost, and instrumentation to detect such losses would find wide 
applicability. The JKMRC has developed a prototype medium loss monitor 
(MLM), which can detect low concentrations of magnetic solids in magnetic 
separator effluents. This paper describes the evolution of the instrument and its 
trials in a number of coal preparation plants in Queensland and New South 
Wales. During a three-month in-plant trial period it was demonstrated that the 
MLM could detect magnetic separator malfunctions, which had gone undetected 
by operators. Four monitors have now been installed in coal preparation and 
metalliferous plants for long-term evaluation prior to commercialisation. 
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INTRODUCTION 
 
 
In plants employing dense medium processes, the consumption of medium 
represents a major component of the operating cost, especially where the 
medium is ferrosilicon (Dardis, 1987). Thus there is a strong incentive for plant 
operators to minimise losses. The difficulty is to detect medium losses in a 
timely manner. Sampling of magnetic separator underflows can be carried out 
on a routine basis, but this approach may fail to detect short-term malfunctions 
of the medium recovery circuit, which can result in high loss of medium solids. It 
is well known that magnetic separators are robust units capable of very high 
recoveries of medium solids over a quite wide range of operating conditions, but 
this very robustness can lead to them being ignored by plant operators (Rayner, 
Holtham et al, 1995). An undetected drop in level in the magnetic separator, for 
example, will result in very high medium losses. 
 
Over the last five years, research at the JKMRC had led to the development of 
a laboratory instrument capable of measuring the magnetic susceptibility of 
small samples of dry sand containing the weakly magnetic minerals ilmenite 
and monazite. It was immediately apparent that the instrument could easily 
detect very small quantities of a strongly magnetic mineral such as ferrosilicon 
or magnetite and thus could form the basis of a medium loss monitor, if: 
 
1) it could be made sufficiently robust to withstand a plant rather than 

laboratory environment; 
 
2) it could be adapted to make measurements on slurries rather than dry 

solids; 
 
3) it could provide a continuous reading without needing an operator. 
 
As part of the continuing instrument development work associated with the 
JKMRC coal preparation research project, these three requirements have been 
addressed, resulting in the development of an on-line magnetics loss monitor 
(MLM) capable of detecting magnetics concentrations of less than 0.5 g/l in 
slurry streams. Output from the MLM is in the form lf a standard 4-20 mA signal, 
which can be interfaced to the plant control system. Plant trials have been 
conducted at four different coal preparation plants, and the first production 
instruments have recently been installed in three plants for long term evaluation. 
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DEVELOPMENT OF THE MLM 
 
 
THE Mk1 INSTRUMENT 
 
 
Initial testing of the MLM concept involved converting the original off-line 
titanium mineral sands instrument into an on-line slurry gauge. This involved 
diverting slurry through the sampling head by means of a manually operated 
valve. First plant trials appeared promising and motivated further development 
work. 
 
The original laboratory instrument consists of a small sensor coil linked excited 
by a high frequency signal. Weakly magnetic sand is placed in a plastic bottle 
inside the coil and the resultant phase shift of the high frequency signal is 
measured electronically. Specific magnetic susceptibility can then be 
determined by calibration. After each measurement, the sample is removed and 
the instrument is re-zeroed by the controlling software, ready for the next 
sample bottle to be placed in the coil by the user. The re-zeroing is necessary to 
compensate for drift due to temperature changes. 
 
In the first stage of development of the on-line slurry instrument, the sensor coil 
was replaced by a coil wrapped around a 15 mm i.d pipe. The original 
electronics were retained. To take a measurement, slurry was diverted through 
the sensor by closing an air-operated Linatex valve. After the measurement was 
complete, the valve was opened, draining the sensor and permitting re-zeroing 
of the electronics. Operation of the valve was under software control, and 
readings were taken on a 1 minute cycle. Output from the unit at this stage was 
an uncalibrated reading of phase shift. The Mk 1 instrument is shown 
diagrammatically in Figure 1. 
 
The MLM was tested in this configuration at a central Queensland coal producer 
using magnetite medium in May 1994. It was rapidly found that tramp oversize 
particles in the magnetic separator underflows would block the 15 mm i.d 
sensor pipe work. The maximum period of continuous operation before a 
blockage occurred was about 2 hours. During this period no excessive 
magnetite loss (large phase shift) was observed, a finding confirmed by analysis 
of spot samples. 
 
The MLM was next tested at a Hunter Valley (New South Wales) coal 
preparation plant in July 1994. The previous experience had showed the 
necessity of preventing oversize from entering the instrument pipe work, and 
arrangements were to screen the slurry. However, problems were still 
encountered. The oversize protection screen soon blocked and was difficult to 
clean. It was not possible to operate the instrument for more than a few minutes 
at a time. 
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Figure 1: The Mk 1 Magnetics Loss Monitor 

 
THE Mk 1A INSTRUMENT 
 
The Mk 1 Instrument had a number of problems in addition to pipe blockage. 
The sensor coil had to be placed very close to the bulky electronics box, 
restricting sensor positioning; the reliability of the electronics was poor, and the 
connectors used proved insufficiently rugged. These problems were addressed 
in the Mk 1a unit. 
 
The sensor coil was rewound on a 40 mm i.d pipe to eliminate the blockage 
problem. The analogue part of the electronics was separated from the digital 
part and boxed with the sensor. This allowed the sensor to be separated from 
the digital electronics by a cable up to 5 m long. Both the analogue and digital 
electronics were rebuilt to improve overall reliability, and locking connectors 
were used in the interconnections. Output was still in terms of phase shift and 
the readings were logged by the PC, which also controlled the Linatex valve. 
 

 
 

Figure 2: The Mk 1a Magnetics Loss Monitor 
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The Mk 1a MLM is shown diagrammatically in Figure 2. It was re-installed in the 
Hunter Valley plant in March 1995 at the same point as before, in an off-take 
from a double drum separator tailings line. The larger pipe work eliminated all 
blockage problems. However, it was now discovered that electrical noise from 
the plant was periodically causing the controlling microprocessor software in the 
digital electronics to malfunction, and frequent manual intervention was 
necessary to restart the program. During the periods of operation, no significant 
magnetite losses were observed, but some artificial 'losses' (handfuls of 
magnetite added to the separator tailings stream) did produce readings some 
100 times greater than the background value, showing the MLM was operating 
satisfactorily. 
 
At this stage of development, the concept of monitoring magnetite medium 
losses on-line was considered proven. The major operational problem remained 
the need to re-zero the electronics to compensate for temperature changes. Re-
zeroing required the use of a Linatex valve to divert flow into and out of the 
sensor coil and added to the cost and complexity of the installation. Electronic 
reliability was satisfactory, but the hardware suffered from electromagnetic 
compatibility problems when in electrically noisy environments such as plants. 
 
 
 
THE Mk 2 INSTRUMENT 
 
 
To overcome the re-zeroing problem, the electronics were completely 
redesigned. A second coil was incorporated to compensate for temperature 
changes. This coil was mounted very close to the original sensor coil so it would 
'feel' the same environmental changes, but did not have slurry flowing through 
it. An entirely analogue approach was adopted to measure the phase shift 
caused by magnetite in the slurry. 
 
After testing at the JKMRC, the Mk 2 instrument was installed at another New 
South Wales coal preparation plant on a secondary magnetic separator tailings 
line. The output was connected to a chart recorder in the MCC room. The 
instrument was left to run unattended for two days while other site test work was 
conducted, with no mechanical or electrical problems being experienced. No 
significant magnetite losses were observed. 
 
 
 
THE CURRENT PROTOTYPE - THE Mk 2A MLM 
 
 
After completion of the plant trial, further effort was put into making the 
electronics temperature stable and capable of maintaining a long-term 
calibration. A standard 4-20 mA current loop interface was incorporated for the 
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magnetite concentration signal output. This arrangement became the Mk 2a 
MLM. A method was also developed for calibrating the unit using small samples 
of magnetite which could be placed into the sensor coil. 
 
The instrument was installed at a coal preparation plant on the outskirts of 
Brisbane, on the secondary magnetic separator tailings pipe. Flow through the 
magnetic separators was about 70 m3/hr and through the sensor was of the 
order of 8 m3/hr. The MLM operated continuously for three months in early 
1996. It ran successfully for the entire test period, with the calibration being 
maintained throughout. The secondary magnetic separator tailings 
concentration (g/l) was logged to a PC every second, and over the three-month 
period of operation numerous occasions when magnetite loss became 
excessive were observed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Magnetics Loss Monitor Output 

 
 
Figure 3 shows the results from an 18 hour period soon after the Mk 2a MLM 
was installed (note that the plant shuts down daily between 8:00 p.m. and 11:00 
p.m.). Immediately after start-up there is a short term loss of magnetite, the 
reading peaks at about 14 g/l, but within 10 minutes the circuit has settled down 
to a background loss of about 1 g/l. Figure 4 shows a 120 hour period of 
monitoring. At about 112 hours from the start of the trace, a problem occurred in 
the magnetic separators, resulting in high magnetite losses. Expanding the x-
axis and integrating the area under the curve revealed a loss of about 0.5 
tonnes of magnetite during a half-hour period. 
 
The prototype MLM was removed from the test site in late January 1996 and 
thoroughly checked both mechanically and electrically. It was then shipped to a 
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central Queensland plant for longer-term evaluation. Pressure from other 
metallurgical development work at the plant has limited the amount of time 
devoted to assessing the MLM to date. It is installed on a magnetic separator 
tailings line, with the 4-20 mA output being monitored by a portable data logger, 
rather than the plant DCS system. Figure 5 shows the results from a two hour 
period of operation. Samples taken from the tailings stream showed a magnetite 
loss of approximately 0.6 g/l. The reading from the instrument shows some 
minor short-term spikes, but in general, measured magnetite loss is very low. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: MLM Output Over a Continuous Five-Day Period of Monitoring 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: MLM Output, Cental Queensland Plant 
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FUTURE DEVELOPMENTS - THE Mk 2B MLM 
 
 
A Mk 2b version of the medium loss monitor has now been developed. This unit 
integrates the electronics with the sensor head making a more compact 
instrument, and also provides a local read out of concentration, as well as the 4-
20 mA current loop output. Two examples of this version of the instrument have 
now been supplied to Australian coal producers, one to an iron ore producer 
and one to a lead-zinc producer (both using ferrosilicon medium) for evaluation 
prior to commercialisation. 
 
 
 
CONCLUSION 
 
 
Test work so far has shown that the MLM has considerable potential as a low 
cost, easily installed monitoring instrument for use in dense medium circuits. 
Future developments will concentrate on long term evaluation in as many sites 
as possible, initially as a warning device, but possibly also for process control 
within the medium recovery circuit. 
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