
 

mineral processors (wa) pty ltd   
 

mineral processors (wa) pty ltd 
 

 
 
 
 
 
 
 
 

DMS POWDERS’ 10th FERROSILICON CONFERENCE 
 
 
 
 
 
 

APPLICATIONS OF INDIVIDUAL PARTICLE 
PYKNOMETRY 

 

 

 
Authors: 
Greg Elphick, Principal Development Metallurgist 
BHP Billiton Iron Ore 
225 St Georges Terrace 
Perth 
Western Australia 

 
 
Tony Mason, Principal Consultant 
mineral processors (wa) pty ltd 
ABN 26 073 020 934 
83A Wheatley Street 
GOSNELLS WA 6110 
Western Australia 
Tel: +61 8 9398-6003 
Fax: +61 8 9398-6004 25th April 2008 
Email: sylmason@mineralprocessors.com  
 



Applications of Individual Particle Pyknometry Page 2 
 

mineral processors (wa) pty ltd   
 

ABSTRACT 

This presentation outlines the development of an iron ore densimetric amenability 
index which is applicable to any densimetric beneficiation process and the use of 
individual particle pyknometry to define ore characteristics. The densimetric 
information is used as input data for the amenability index. 



Applications of Individual Particle Pyknometry Page 3 
 

mineral processors (wa) pty ltd   
 

1. INTRODUCTION 
Mineral Processors (WA) Pty Ltd 

In the 9th DMS Powders’ Ferrosilicon Conference in Paarl in 2005 T F Mason 
(Ref. 1) discussed the use of Individual Particle Pyknometry (IPP) as applied 
to the definition of the ore zones at OM Manganese’s operations at Bootu 
Creek in Northern Territory. Australia. 

During analysis of ore to define a “densimetric cut off grade” as opposed to a 
chemical grade cut off parameter it became evident that a lot of potentially 
valuable product could be designated “below chemical cut-off grade” and 
delivered to waste and conversely uneconomic material could display 
chemistry indicating it was “ore” when little or no “yield-at-grade” would result 
through beneficiation. 

At that time we introduced PyknOptOre for analysing individual exploration 
sample intercepts and defining economic “yield at grade” ore zones. 

BHP Billiton Iron Ore 

BHP Billiton Iron Ore operate seven producing iron ore mines in the Pilbara/ 
north western WA, Australia. These mines currently produce over 100 million 
tons of iron ore per annum. 

In addition to their production operations BHP Billiton Iron Ore have numerous 
additional iron ore resources which may be exploited in the future. 

The increasing demand for iron ore has accelerated the requirement for 
evaluation of the potentially exploitable iron ore resources in Western Australia 
and elsewhere. 

In mid 2007 Greg Elphick became responsible for the development of 
techniques to define the “beneficiability” of resources based upon exploration 
sampling as well as sampling of current ores. 

2. DEVELOPMENT 
The background of Mineral Processors’ philosophies in attempting to define 
beneficiability and “densimetric cut-off grade” together with alternative data 
presentation techniques introduced by BHP Billiton Iron Ore were examined 
and “brain-stormed” with only academic success until concepts defining 
“washability” of Indian coal were made available through documentation by 
Majumder & Barnwel (Ref. 2). 

The graphical presentation of theoretical yield of valuable product and 
theoretical yield of critical gangue elements versus recovery of these two 
components qualitatively demonstrate the “beneficiability” of an ore based on 
densimetric analysis of relatively small samples. 

The BHP Billiton Iron Ore Principal Development Metallurgist refined the 
technique using mathematical tools to smooth densimetric data that was 
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logically constrained at the source (zero : zero) and at 100 % yield and 100 % 
recovery for both product and gangue elements. 

Suggestions, recommendations and evaluation of various techniques to define 
a single parameter to assess the ease or difficulty with which an ore could be 
beneficiated resulted in the “Densimetric Amenability Index” (DAI). 

3. IPP PROCESSING IN MPIPP LABORATORY 

 

Each IPP workstation is equipped with a balance 
fitted with a cradle hung under the pan. The 
balance/computer communication software 
recognises a stabilised particle mass. 
 
The water-saturated mass of the particle in the 
cradle is automatically recorded into manipulation 
software. 
 
 
Left: mpipp work station 

 
The particle is immersed in clean water 
maintained at a measured temperature and the 
immersed weight of the particle plus cradle 
entered automatically into the software. 
 
The status of the measurement is displayed on 
the screen in front of the pyknometrist. 
 

Right: Pyknometrist

 
 

 

The software compensates for the density of water 
using a temperature probe connected to the 
computer network. 
 
The immersed volume of the cradle is automatically 
subtracted and the resultant individual particle 
density determined. 
 
The head-up monitor indicates the correct 
receptacle to the pyknometrist and operational 
instructions such as changing of water. 
 
Left: Pyknometry in action at mpipp 
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4. IPP PERFORMANCE (16-31 mm) 

The separation into individual density fractions is far superior to other 
laboratory processes. 

The density determined by IPP is the water-saturated apparent density – 
being the same as that experienced in a water-based separation process. 

The cost of creating numerous density fractions by IPP is far less than by the 
use of heavy liquids or laboratory separation devices such as the Erickson 
cone. 

Parameter IPP Erickson Cone 
Epm ~ 0 ~ 0.03 to 0.05 
Density Offset +/- 0 +0.11 to +0.15 
Cost Ratio 0.7 1.0 
Time (approx 20kg) 1 day 1 day 

 
5. FINE PARTICLE IPP PERFORMANCE (7-16 mm) 

The cost of IPP relates to the number of particles that have to be treated. 

In terms of kilogrammes of sample the cost increases with the inverse of the 
square of the average particle size. 

The practicality and precision of performing IPP on particles smaller than 
approximately 7 mm decrease to a point where other techniques are probably 
more economic. 

6. SAMPLE SIZE 
In conjunction with BHP Billiton Iron Ore we have monitored the variability of 
iron ore samples from the Pilbara by plotting the standard deviation against 
number of particles. It has been found that the standard deviation stabilises to 
a straight line after between 800 and 1000 particles. 

It would appear that this surprisingly small number of particles can be 
representative of an ore sample. 

The rate of stabilisation of the standard deviation is monitored for every 
sample treated and more individual particles can be measured if variability is 
still observed. 

7. APPLICATION 1 –  
DEVELOPMENT OF DENSIMETRIC AMENABILITY INDEX 
The data obtained by chemical analysis of many individual density increments 
from IPP discrimination can be plotted as shown below. The yield of valued 
product vs the recovery of that product is plotted on one line, whilst the yield of 
a gangue mineral vs its recovery is plotted on the second (lower) line. 



Applications of Individual Particle Pyknometry Page 6 
 

mineral processors (wa) pty ltd   
 

 

In this example the upper red line is the response of iron units whilst the lower 
green line relates to alumina. 

 

The shaded green area is the area below the “gangue” curve. 
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The pink area under the red curve represents the area under the valued 
product curve, in this case iron. 

 

The purple area between the valued product curve and the gangue curve 
(differential recovery) is a useful immediate indicator of the ease of 
densimetric beneficiation (The larger the area, the easier the separation).  This 
initial definition was subsequently enhanced, or normalised, to provide a 
greater span of the index than for the differential recovery. 

Hence, the “Densimetric Amenability Index” is defined as follows: 

DAI = 1 – (Area under gangue curve / Area under valued product curve) 

This definition represents the compliment of the relative recoveries, with 
values ranging from zero through to one. 
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Left: 
 
It can be seen that gangue recovery 
increases very rapidly only at a point 
where iron recovery is very high. 
 
This indicates an ore that would be 
amenable to beneficiation, i.e. with a DAI 
approaching 1. 

Right: 
 
In this example the gangue contributes 
to the beneficiated ore progressively 
from a yield of about 30 % and upwards.
 
This results in high contamination of ore 
which is much less amenable, having a 
low DAI. 

 
Which ore would you prefer? 

7.1 Highly Amenable Ore 
The example of highly amenable ore is a typical well liberated contact ore and 
displays a DAI of 0.79. 
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This is also demonstrated by the densimetric characteristic displayed by the 
IPP fraction receptacles. 

 

This shows that there is the 
bulk of the ore in the 
density ranges higher than 
3.6 kg/L and less than 
2.7 kg/L. 

 

 

 

 

 

7.2 Poorly Amenable Ore 
The next example is a poorly amenable ore displaying a DAI of only 0.22. 
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This is also demonstrated 
by the IPP fractions which 
have a much greater 
proportion reporting to the 
mid-density range. 

 

 

 

 

 

8. APPLICATION 2 – 
PLANT PERFORMANCE MONITORING 

8.1 Static Bath HMS Performance Evaluation 
BHP Billiton Iron Ore Operations at Newman beneficiation plant have 
successfully used IPP to demonstrate the quality of separation achieved in 
their heavy media drum plant. 

The procedure used was: 

• Taking timed samples from the sinks and floats products screens of the 
HM drum separators 

• Performing IPP on the individual product samples from 100 mm down to 
approximately 7 mm 

• Rebuilding the plant feed based upon the ratio of sinks and floats 
measured during the IPP process. This also allowed the calculation of the 
true average density of a feed fraction between the limits that were 
measured by IPP. 

• The partition number at the feed average density for each fraction is 
determined by dividing the sinks mass of an IPP’ed density fraction by the 
reconstituted feed mass 

• Each partition number is plotted to create a partition curve 

8.2 Performance at the Mine Site 
Mineral Processors supplied the procedures, equipment and software to allow 
site personnel to do performance evaluation of these HM drums. 
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8.3 Routine Evaluation of Plant Performance 
The relatively high-speed densimetric information and construction of partition 
curves will allow routine evaluation of plant performance and simultaneously 
demonstrate the densimetric characteristics of ore being treated at that time. 

9. TECHNOLOGY ENHANCEMENTS 
Over the development of IPP since the first application at Bootu Creek in 2004 
we have: 

• Made use of balance/computer communication and automated the 
collection of data 

• Included automatic calibration to compensate for the volume of the cradle 
for holding particles 

• Incorporated continuous statistical evaluation of the particle population as 
IPP on a particular sample progresses 

• Automated the determination of the mean density of all particles within a 
pre-specified density range 

• Included real-time temperature monitoring and water density correction 
based upon this temperature monitoring 

Further development within Mineral Processors to improve the performance of 
IPP for future projects is planned as follows: 

• Barcode monitoring of incoming samples and recognition – reconciliation of 
samples and density fractions of samples by these barcodes 

• Enhancement of cradle design to enable quicker manipulation of particles 

• Automation of particle placement in fraction receptacles, hence minimising 
the risk of accidental misplacement 

• Development of purpose-built data collection software in the form of a 
VB.NET application 

10. SUMMARY 
• IPP is now a competitive density sorting process 

• Development via collaborative efforts to Mineral Processors (WA) and BHP 
Billiton Iron Ore 

• Improvements to the technology are progressing 
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