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ABSTRACT
This paper describes the development and ‘proobotept’ testing of a device for monitoring of matite
slurry density for calibration purposes. The deypcovides an on-line measurement of density arghetie
content and has dimensions of 90x70x45 cm witteasnof 14kg The inlet hose attaches to an egistjnick
connect” sampling port to allow medium to continydlow through the device. There are no breaks or
connections in the length of the hose to preveptura of magnetite and to simplify replacementhef hose if
required. The medium continually flows through tfevice which measures the total density and magneti
content.

The density is calculated by measurement of thesrobthe hose in which the medium is flowing. Thiave
this measurement, a length of hose to attain awelaf 2.14 litres is coiled around an arm of a loalil A fast
acquisition of the load cell signal is averageg@itavide a mass measurement of resolution lessZlggams
resulting in a resolution of £0.002 in relative digyy measurement.

The hose also passes through an induction collde aneasurement of the magnetic susceptibilithe T
magnetite fraction is calculated using the massmaagnetic susceptibility measurement. A radiatiensity
gauge, “densiMag” density gauge and physical samgpliere used to test the accuracy of the devide ghuge
is able to run continuously in the high vibratianvigonment of the Coal Preparation Plant.

INTRODUCTION
There are three ways in which feed medium densitpmmonly measured on-line in dense medium plants:

* By a nuclear density gauge mounted on the feed pipe
* By a pair of pressure sensors mounted on a sefdasiée leg
« By magnetic susceptibility (Cavanough, Holtham &niet), 2008).

The calibration of these gauges relies on takispa sample and then measuring the mass of thelesarmhis
procedure requires manual handling of media andsgev limited number of calibration readings dugh®
labour required to acquire, transport and then oreathe samples. The motivation for the developnoérnhe
device described in this paper is to provide adargmber of calibration readings and reduce thairexpents
for manual handling.

It was also decided to provide a measurementeofrtagnetite content in addition to relative dengitprovide
an indication of other components in the slurryngaguently the following four functions were regudirto be
provided by the device:

¢ Measurement of total mass of the medium sample.

e Measurement of total volume of the medium sample.

e Establishment of medium flow through the devicehwitt blockages.
¢ On-line measurement of magnetite content.

Each of these functions will be discussed in thégpgy in addition to the results of plant trials athe
conclusions.



TOTAL MASSMEASUREMENT
It was decided to use a load cell to achieve masarement. Vibration was identified as a majobj@m with
this measurement. A vibrating test bench was ts¢est the load cell performance in the laboratdtyvas
found that using high speed sampling of the higlalyiable signal provided a resolution of <2 g wlaemoving
average was applied. It was concluded that the ¢ell would be able to give an accurate measuremehe
coal preparation plant.

TOTAL VOLUME MEASUREMENT
The next task was to maintain a constant volunsufy in the chamber suspended from the load dedl.
achieve this a ‘bobbin’ was attached to the lodbacel a 25 mm ID hose was wound around the bobbhme
hose was wound to provide a downward spiral togmebuild up of magnetite (refer to Figure 1). Tose was
secured at either end of the bobbin. To elimireaters in the mass measurement due to hose defomtae.
when the hose is twisted there is an inherent fidraewill oppose the twisting motion), the hoseswasitioned
so that movement would be an uncoil type motiomwiry little resulting tangential force (referkmure 1). It
should be noted that the actual movement causéditliby the hose with media was only tenths of milktres.
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Figure 1. Schematic of the device showing path of hose.
M edium flow.
ESTABLISHMENT OF FLOW
Establishing a continual flow of medium was idertifas the most difficult task. The primary aimsvi@ limit
any ‘back—pressure’ to prevent blocking the sangpfiort. To achieve this a 25 mm diameter hoseusasd in
a configuration to provide a continual downwardalof medium. The pipe diameter was chosen to both
maintain flow velocity (to prevent solids droppiogt) and allow adequate pipe diameter to preveriches
from bridging together to block the hose.

To measure the density a constant volume has todirtained in the pipe. This is normally achieired
applications with fluids by elevating the drain @i maintain the level above the sample chamber.
Unfortunately this would not work for heavy medthe resulting back-pressure would cause blockaDes
to experience the authors expected that the pipeldihemain full without the need to elevate theepi The
confirmation of this would be made during planalsiby observing any differences in readings withdutlet
above and below the bobbin (an elevated pipe wilee the bobbin pipe is full of medium).



ON-LINE MEASEUREMENT OF MAGNETITE CONTENT
Magnetic susceptibility provides an accurate meastithe magnetite content of a sample (Cavanaddghham
& Powell 2006). For this application an inducticwil device was used as the sensor A 40 mm deametl
that was 80 mm long was wound and used to endiel5 mm ID pipe. The resulting magnetic susbdjtyi
reading was calibrated to provide a measure ofdta¢ mass of magnetite within the volume of theepi

CALIBRATION
Mass calibration was achieved by placing mass r@lidn standards on the spool and recording thdtieg
voltages from the load cell. A calibration equatigas derived and implemented in the computer ldgger. A
12 bit analogue to digital converter achieved altg®n of +1 mV. This equated to a mass resotutd+5
grams and relative density resolution of £0.002.

Magnetite mass calibration was achieved by mixing €alibration samples of different magnetite neassnd
measuring their magnetic susceptibility. The calilton samples were made from mixing the magnstitaples
with silica sand to achieve equal sample volumgsing the relationship between the volume of theehand
the volume of the calibration samples, the totassnat magnetite that would be contained in the lfo#é
regard to each calibration sample) was calculafidtbse values in addition to the magnetic suscéiptib
readings were used to generate the calibrationtiequaplemented in the logging computer.

PLANT TRIALS
Figure 2 shows the prototype gauge during the pt@it The gauge was installed and run for ov@ngnutes.
Figures 3 and 4 show the slurry discharge andah®Bng port connections respectively. The sarppl is
situated at the bottom of the U-tube. It is emidieom the agreement of the result with that ef densiMag,
radiation gauge and spot samples that there waample bias between the different measurement e tad
devices.

A 100 g calibration mass was placed on the spdolreehe sampling port was turned on to confirmiozation.

The hose was configured to allow the continual deaml flow of medium and the slurry ran through tibst rig
without blockages for approximately 30 minuteshehose was then elevated and the flow continued fo
approximately 10 minutes before a blockage occuriidte hose was lowered to the original positiod e
blockage cleared. The flow continued uninterrugtedhe rest of the trial. The purpose of elevgtihe hose
was to determine if the hose was not completelyofuinedium when the hose was in the low positidihis
would have been detected by a change in the madsgewhen the hose was elevated.
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Figure 2. Devicein plant trial

Figure 3. Slurry discharge

Figure 4. Connection to Sample Port



Radiation Guage

Figure5. denssM AG magnetic density gauge and nuclear density gauge (at up and down side of a U tube).

Figure 6. denssM AG magnetic density gauge showing ceramic probethat isinserted into sample port.

RESULTS
Figure 7 shows the raw and averaged signal wheh@@ey calibration mass was placed on the bobbigure 8
and Figure 9 compare the relative density and ntiégmaass measurements for the hose at the lovigihd



position. The low position provided a continualhward flow and the high position caused the fleickl to

be above the coiled hose. The nuclear gauge gh&lAG density gauge (refer to Figure 5 and Fidi)respot
samples and the calibration device all gave anageeRD of approximately 1.48. It should be notet the
nuclear gauge had been recently installed andragdith by taking physical samples. Previous tdrihéthe
densiMag was calibrated to the radiation gaugeimgadlhe densiMag is calibrated in the factoryhwat
subsequent field calibration consisting of a mioffiset adjustment. Offset adjustment is requiteddmpensate
for the signals that the pipe induces in the dategirobe. Figure 10 shows a typical plot of dlemsiMag and
radiation gauge measurements.
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Figure 7. Raw signal and moving aver age showing results of placing 100 g calibration mass onto spool.
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Figure 8. Comparison of RD measurement with drain hose up and down.
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Figure 9. Comparison of magnetite mass measurement with drain hose up and down.
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Figurel0. Comparison radiation gauge and densiM ag.

CONCLUSION
A load cell is able to provide an accurate measargrnm the high vibration environment of the colan (refer
to Figure 7). It has been demonstrated that a/élilme measurement can be achieved without eley#tie
hose above the level of the weigh scale sample bbatnefer to Figure 8 and Figure 9). It has &lsen shown



that a relatively long term flow of medium througlsampling port can achieved by ensuring minimuakba
pressure at the sample port.

The coal plant at which the trial was conducted dagwly installed and calibrated nuclear densitygg and a
densiMAG magnetic susceptibility type density gaurgtalled (refer Figure 5 and Figure 6). The agerRD
from both these devices and manual tested spotleamalh gave a relative density of 1.48. This was
agreement with the calibration device. The catibradevice was calibrated in the laboratory anassguently
provided the correct reading in the plant; thereftihe successful operation of the gauge has bsaprnbtrated
with a resolution of 0.002RD.

FUTURE WORK
This paper has described a proof of concept tetbteo€alibration device. The next stage of thesttgpment is
to:
« Decrease the size of the device and provide housing
< Install a 3 way valve with a connection to wat&his will enable water flushing on completion otte
work.
< Install a sparge type flush probe integral to theai¢k connect coupling” that is inserted into thenple
port. This will be plumbed to allow water flushitmclear a blocked sample port. (This is requasd
the sampling ports are sometimes blocked beforeéhie is even connected.)
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