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CHAIRMAN’S REVIEW

“I am delighted to report we
have overcome most of our
challenges and are now in a
position to embrace our future
on a much stronger base”

The old Chinese proverb goes: “May you live in
interesting times” – indeed that seems to be the mantra
each year as the scale of turbulence internationally with
threatened trade wars, denuclearisation and quest for
the next technological breakthroughs dominate the
political agenda internationally. While at home the
sheen of “Ramaphoria” has worn off and the extent of
the economic challenges facing the country become
more apparent. As such remains incumbent upon us
as an organisation to ensure that we remain relevant.
Commodity prices remain in a relatively positive domain
which has somewhat cushioned the turbulence of the
political environment, but we cannot purely rely on this
as the status quo. The industry is cyclical by nature and
the demands for the industry to be safe, environmentally
responsible and efficient are ever present.

during his tenure his leadership will take us in the right
direction.
From our 2016 strategy workshop and with many
challenges to the organisation the following were the
key initiatives face the Board:
yy Replacement of the executive director
yy A well-attended colloquium
yy Setting a platform for idea generation
yy Developing a project pipeline from the idea
generation sessions
yy Evaluation of the cost of the pipeline and seeking
alternative sources of funding if and when necessary
A successful recruitment process has taken place with
the appointment of Henk Lodewijks. The colloquium
that took place in Witbank during March was the most
well attended event that we have ever staged (with 230
attendees). We staged three Ideation sessions facilitated
by an industry partner RIIS at the CSIR in April.

This has been a very challenging year for Coaltech –
we have had three chairpersons within the space of six
months, a resignation of a deputy chairperson and major
instability because of member company restructures.
This meant we had to ensure we had continued
commitment from the membership base. Thankfully I
am delighted to report we have overcome most of these
challenges and are now in a position to embrace our
future from a much stronger base. In addition, during
this period, our esteemed executive director, Johann
Beukes, who has been a guide to the organisation since
its formation, retired. Over the years his input was highly
valued by all of us and while he is already missed, life
moves on. It is with great pleasure that Henk Lodewijks
has been appointed to lead the organisation. Henk is a
very experienced mining engineer who has worked in
most areas of the technical mining sphere with a number
of South African mining houses and I am very confident

In 2017, it was decided to rationalise the subcommittees
to the following structure:
yy Mining (including underground mining, open cast
mining, Ventilation, Engineering & Geosciences
disciplines)
yy Processing
yy Environment
This has worked very well and will be subject to review
depending upon the project workloads of the respective
subcommittees.
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The following programmes/projects for the different
steering committees are currently in the portfolio:

yy The use of Dung Beetles to improve post-mine
and use

Mining

yy The issuance of an update for Guidelines for
Rehabilitation

yy Continuation phases for the examination of cutting
head methane ignitions on continuous miners

yy Rehabilitation Decision Interface for Coal Mining
yy Development of a Framework for Post-Mining
Land Use

yy Quantitative Pillar Design – Phase 1
yy Improved utilisation of underground coal reserves.

During 2017 two PhD and two MSc students and a
MEng student completed their studies, bringing the
total number of students supported by Coaltech to 120.
On behalf of the Board I would like to thank all the
researchers for their dedication and hard work and
delivering high quality outputs on all the Coaltech
projects. Detailed reports on the progress of some of the
projects are given in this Annual Report.

Processing
yy Dry separation methodology – dry dense medium for
coarse coal/Sepair
yy Dry dense medium application for fine coals and the
use of ilmenite as a medium for dry dense medium
separation
yy Evaluation of the horizontal winnower

yy Development of soil health microbial biomarkers as
indicators of ecosystem recovery following surface
mine reclamation

Finally, I would like to thank the board members for
their support during this year of my chairmanship.
A special thank you to Clinton Lee of South 32, the deputy
chairman till February 2017, our outgoing executive
director, Johann Beukes, his successor Henk Lodewijks
and our administrator, Carmen Bergman-Ally. A special
word of thanks to my employer, Anglo American Coal for
supporting me in my endeavours on behalf of Coaltech.

yy Bee keeping as a viable post-closure business for crop
production affiliate

David Power
Chairman of Coaltech Research Association

yy Ceramic assisted drying of fine coal spiral and flotation
product
Environment
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COALTECH STRUCTURE
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Environment
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Hendrik
Potgieter

Ritva
Muhlbauer

Jan
Voges
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David Power
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Schalk van Wyk
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Stefan Venter

Navin Singh

Sietse
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WELCOME HENK LODEWIJKS

“Henk is a very experienced mining engineer who has worked in most areas of the technical mining
sphere with a number of the South African mining houses and I am very confident that he will lead us
in the right direction during his tenure.”
David Power

8

RESEARCH HIGHLIGHTS - MINING
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SAFETY AROUND CONTINUOUS MINERS,
FOCUSING ON PREVENTING METHANE INCIDENTS
C. MEYER

INTRODUCTION

This resulted in the initiation of the following project phases:

The official project that investigated the occurrence of
methane ignitions in the cutting zone of the Continuous Miner
(CM), commenced in March 2013 and consisted of a number
of research areas that focused in detail on the prevention of
methane ignitions, in particular in the face area where the CM
cuts coal. The project was scheduled for completion at the end
of December 2015 and took a holistic look at the reasons why
methane ignitions could occur. The official project ended with
a comprehensive project report, published in 2016.

yy Phase 2 (2016): Following the research results from Phase
1, research and development of a unique face ventilation
system that can combat the formation of hybrid mixtures in
the cutting zone.
yy Phase 3 (2016): Assist the mining industry in practically
applying the positioning of the second methane sensor
on the cutting head of the CM, and the development of a
real-time methane data logging system that can present the
methane concentrations on a real-time basis.

Following the end of the official Methane Ignition Prevention
Project, the Coal Mining Industry requested the project be
extended into additional phases for the following reasons:
yy The industry should take ownership of the research results,

yy Phase 4 (2017): Following the results from Phase 2, develop
and prove the use of compressed air driven TerrajetTM Airmovers as being an effective means to combat the methane/
dust hybrid mixture within the CM cutting zone.

yy The industry will have to be assisted to practically apply the
research results and ensure an improvement in the coal face
area.

yy Phase 5 (2018): - Using the results from the previous phases
to present an updated and optimised face ventilation
system to the Coal Mining Industry.

10

RESEARCH OUTCOMES

Figure 2 below shows the special modifications made and the

PHASE 4:- IMPLEMENTING THE TERRAJETTM AIR-MOVERS
ONTO A CM

positioning of the Terrajets and the spray blocks.

Following Phase 2, Phase 4 focuses on the integration of the
TerrajetTM airmover system onto a CM and to perform final
underground concept trials. For the conversion to be successful,
a suitable compressor had to be located, fitted and integrated
onto the CM, as well as install the air-movers correctly to ensure
protection and effective operation.
As reported previously, the airmover system showed significant
potential to control the face contaminants, i.e. methane and
dust, but required further trials with a complete CM on-board
system.

Figure 2: Positioning of the Terrajets and the spray blocks
under the special protection cover

The Terrajet air-mover system is a step closer to create and
implement an effective Face Ventilation System that can deal
with airborne dusts and methane gas.

The Workshop Trails at Integrated Air Solutions to determine
the operating parameters for the four air movers and the 200
CFM Air Compressor were very successful. These parameters will

Matla Underground Trials

be introduced on the CM and the system will be calibrated so

During the past year, the trials at Matla could not continue due
to failures of the methane and dust communications systems.
It is uncertain when the problems will be solved and when the
underground Terrajet trials will continue.

that these parameters are maintained during the underground

Sasol Shandoni Trials

was evaluated and optimised in terms of Air vs Water usage.

trials.
Figure 3 below shows the test setup while the Terrajet system

A compressor supplier (Integrated Air Solutions) was identified
to locate and import a compact unit suitable to fit onto a
12HM37 CM and have sufficient capacity to supply the four
Terrajets. Integrated Air Solutions imported two separate
compressor units (200 CFM & 300 CFM) for trial purposes.
Following a series of trials in their local workshops, the 200
CFM was opted for as the choice for 12HM37 CM to be used at
Shondoni Mine.
Komatsu has been instrumental in ensuring the success of this
project going forward and have made some modifications onto
a new 12HM37 CM to accommodate the on-board compressor.
Shown below is a sketch that shows the proposed installation
position of the compressor underneath the on-board scrubber.

Figure 3: Tests setup for evaluating and optimizing the
Terrajet system for water and air usage
Figure 4 below shows the water mist s created by the four
Terrajet Airmovers with the 200 CFM air compressor. This air/
water quality will be introduced into the face area during the
cutting process, with, it is expected, a significant effect on the
airborne dust generation and the methane gas concentrations.

Figure 1: The compressor is installed underneath the onboard scrubber
Komatsu made further nodifications on the cutting head of
the new CM to ensure the Terrajets are protected during the
underground trials.
Four Terrajets will be installed onto the CM cutter head, just
behind the rotating drum. The special modification will protect
the Terrajets, with the normal water spray blocks positioned
just behind the cutter drum.

Figure 4: Air/Water Mist generated through the Terrajets
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The design criteria for the Face Ventilation System will be
researched using previous CFD results and practical information
from the Coal Mining Ventilation fraternity. The results from
the Terrajet Trials will conclude the design proportions and it
is requested via the industry that a Face Ventilation Manual
be compiled to be used as a guide to effective and practical
ventilation practices.

Tabulated are the operating criteria of the Terrajets finalised
during the workshop trials. These values will be confirmed on
the CM when the installation and the surface trials at Komatsu
in Wadeville are completed.

One of the major concerns raised from ventilation practitioners
is the failure of on-board scrubbers without warning.
Scrubbers that do not ventilate a face area effectively, create
unhealthy and unsafe working conditions for the workers.
A possible solution is to have a continuous, real-time sensor
installed inside the scrubber that can monitor the performance
of the scrubber and report any failure or malfunction
instantaneously through visible or audible means.

The following criteria will determine the effectiveness of the
terrajet system when trialled underground:1. Minimising/eliminating methane trips

A company Environmental Process Analytics, possibly has the
technology available to measure and monitor the differential
pressure across the airflow path of the scrubber. This includes
the performance of the scrubber fan and the status of the
scrubber screens that filters out the dust.

2. Eliminating the risk of a methane ignition/explosion
3. Less methane trips = Increased production
4. Possibly reduced airborne dust generation (To be confirmed
through extensive dust measurements)
The assembly of the CM with the integrated scrubber is behind
schedule, but detailed methane and dust concentration results
will be presented to the industry at the end of August 2018.

Shown below is a typical image of a sensor that will be used
for initial surface trials on a CM to determine the effectiveness
and accuracy of this technology. Should the initial trial results
be successful the unit will be installed on an underground
trial CM and the results monitored over a prolonged period
of time. Through the use of this technology the control and
responsibility is given back to the operator and section
management to ensure that the coal face is ventilated
effectively at all times.

PHASE 5 – OPTIMISE THE FACE VENTILATION SYSTEMS
The focus of the last phase, Phase 5, is to develop and propose
a face ventilation system that can optimally deal with excessive
dust and methane going forward, while considering the results
of the past five years and the results from the Terrajet trials.
The suggested criteria and primary considerations of an ideal
Face Ventilation System listed under Phase 5 include: .
yy Deliver high energy air directly and continuously into the
cutting zone.
yy Be practical and not require extensive maintenance.
yy Developed to such a degree that human intervention is
minimum.
yy Work in balance with the on-board systems currently in use.
yy Integrate into the operating systems of the CM.
yy Prevent the potential build-up of hybrid mixtures (dust and
methane) around and underneath the cutting drum.
yy Minimum water usage.
When the Terrajets are proven, under Phase 4, and accepted
by the mines as effective in the control of the hybrid mixture
inside the cutting zone, the above criteria should be part as
a standard requirement against which all face ventilation
systems are measured and evaluated.
Phase 5 will focus on three deliverables:

Figure 5: Pressure sensor that can measure the differential
pressure inside a scrubber

1. Optimise the design criteria for an effective face ventilation
system – Scrubbers, air-movers, fan volumes, duct distances,
etc. (Using previous CFD results and new proposed CFD
models as guidance, proving the concept designs through
underground evaluations). Also using the criteria for the ideal
Face Ventilation System as per above.

CONCLUDING REMARKS
Due to several contributing factors, Phase 4 could not be
completed on time. After surface trials at Komatsu the
underground trials at Shondoni Mine outside Secunda will
follow. It is envisaged that initial set of underground results
will be available towards the end of July 2018 and the project
will be concluded at the end of August 2018, after which a full
report will be published.

2. Consider practical and effective means to measure, monitor
and evaluate the effectiveness of the face ventilation
system. Use existing methods and protocols as a guide.
The positioning of real-time monitoring sensors/equipment
such as methane, dust and pressure sensors within the onboard scrubber is to be investigated as a means to evaluate
the performance of the ventilation system on a continuous
real-time basis.

Phase 5, the concluding Phase of the original Methane Project,
has commenced and will continue in the interim while Phase 4
is drawing to conclusion. The results from Phase 4 will be crucial
to be able to put forward some recommendations on effective
Face Ventilation.

3. Develop virtual reality (VR) training videos on airborne dust
and methane control using the ideal face ventilation system.
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SPONTANEOUS COMBUSTION LIABILITY
OF COALS AND COAL-SHALES IN THE SOUTH
AFRICAN COAL MINES
M. Onifade & B. Genc

Spontaneous combustion is one of the major challenges in the
South African coal mining sector. The event involves a range
of complex physical and chemical processes, caused by the
chemical reaction between coal, coal-shale and oxygen.

The study shows no single factor is sufficient to influence the
coal and coal-shale spontaneous combustion liability, but a
cumulative effect of favourable parameters may influence
whether a coal and coal-shale will be liable to spontaneous
combustion or not.

Coals and coal-shales tend to undergo low-temperature
oxidation under favourable atmospheric conditions.
The frequent occurrence of self-heating of coal-shales has been
reported in South African coal mines to be the likely cause of
spontaneous combustion. The study has established that
in highwalls and a selected band of coal seams, evidence of
self-heating potentially leading to spontaneous combustion
is found within coal-shales. The study developed a device
to predict the spontaneous combustion liability of some
coal-shales that could not be determined by the existing
Wits-Ehac Index and obtained a liability index referred to as
the Wits-Coaltech (CT) Index. The influence and relationship of
the intrinsic properties (obtained from proximate, ultimate and
petrographic analysis) of coal-shale in relation to coal affecting
spontaneous combustion liability has been established a using
statistical method.

A set of models to predict the spontaneous combustion liability
were derived. The best significant correlation along with the
most appropriate model as indicated by R-squared values,
the coefficient of correlations and standard error was used to
predict the incident of spontaneous combustion.
The distribution of the maceral group into sub-categories has
been revealed to have reasonable influences on spontaneous
combustion liability. The quantity and mineral constituents
in coal and coal-shale samples were evaluated by chemical
procedures and optimised by XRD analysis. The XRD analysis
confirms the presence of mineral constituents in the samples,
as identified by the XRF.
Furthermore, the study has established a comparative analysis
between the dependence of spontaneous combustion liability
index on coals and coal-shales intrinsic properties which
may serve as a point of reference when comparing their
characteristics.

The linear regression analysis indicates that the spontaneous
combustion liability index shows absolute linear relationships
with the intrinsic factors, and, thus, identifies the major
intrinsic factors affecting their liability toward spontaneous
combustion. It was found that a definite positive or negative
correlation coefficient exists between the intrinsic factors and
spontaneous combustion liability.

The Coaltech sponsored PhD thesis is almost complete and
was submitted for examination during June, 2018. This study
has produced 11 publications so far and Coaltech’s funding has
been acknowledged in each one of these listed publications
below.
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SIMULATION OF REGIONAL COLLAPSES
IN BORD & PILLAR WORKINGS
D. MINNEY

Beck Engineering has simulated the regional collapse of
bord and pillar workings in 2 Seam at a Witbank colliery.
The simulations aimed to:

The collapsed panels beneath this surface expression are
rectangular, but the outline of the surface collapse is curved!
The reason for this is that the tributary area theory for pillar

1. Provide insight into the underlying rock mechanics of such
collapse events.

design ignores the strength of the bridging overburden.
Phenomena familiar to longwall and stooping mining, where

2. Quantify, as far as possible, the strength of the system of
coal pillars and the stored strain energy in the overburden
prior to the collapse case considered.

the overburden “hangs” up, and collapses in cycles, also known
as cyclic loading.

The Witbank coalfield in South Africa has been worked
extensively for decades with underground extraction focusing
on 5 Seam, 2 Seam and more recently, 4 Seam.

Modelling steps: The Levkovitch-Reusch 2 (LR2) discontinuum

In many areas, 5 Seam and 2 Seam were mined with bord and
pillar methods before the advent of Salamon & Munro’s pillar
strength estimates introduced in 1960 in the wake of the
Coalbrook disaster.

the mechanical behaviour of the rockmass and structures.

According to the pillar strength estimates, many of the
pillars in 2 Seam have safety factors of less than one. This has
effectively sterilised many millions of tonnes of coal in 4 Seam.
However, many of the pillars in 2 Seam have not “failed”,
even though their safety factors are less than one according
to Salamon & Munro’s estimate. This suggests some level of
conservatism in Salamon & Munro’s strength estimates, and
represents a significant potential opportunity to recover parts
of 4 Seam that are currently sterilised.

1. Three-dimensional

constitutive framework was applied in Abaqus to describe
The Appendix contains further details of the LR2 framework.
The numerical framework includes:
(3D)

geometry,

with

excavations

sequenced in a sufficient number of separate excavation
steps (called frames) to capture the necessary temporal
resolution for the project scope.
2. Strain-softening dilatant constitutive model for the rock
mass and structures with a generalised Hoek-Brown yield
criterion. Different material properties are assigned to each
geotechnical domain.

The key question is: What is the real strength of the coal
pillars? Answering this question may allow the “unlocking”
considerable 4 Seam coal reserves in the Witbank coalfield.

3. Discontinuum formulation using cohesive finite elements
to model discrete structures. Cohesive elements are free to

This project aims to demonstrate that this key question can
be addressed by using finite element (FE) simulations to backanalyse one regional collapse in 2 Seam and thereby infer
the real safety factor of the coal pillars and the role of the
overburden, as far as possible.

dislocate, dilate and degrade and can realistically capture
the behaviour of thin structures. The complete interpreted
structural model at the required resolution can be included,
and where appropriate, can be supplemented with a

There have been many such collapses in the Witbank coalfield.
Below shows one such recent example.

discrete fracture network (DFN) to improve the structural
resolution.
4. General contact formulation to model frictional contact
between free surfaces in the model. Contact is essentially
the definition of parts interacting with one another
and/or itself. This allows capturing frictional contact between
bedding planes and discontinuities in the rock mass and
also allows for the consideration of contact between new
surfaces due to coal extraction and severe deformation in
the coal seam layer.
5. Structures less persistent than those modelled explicitly can
be represented by “smearing” the effects of structures within
the continuum regions of the modelled rock mass.
6. Hydromechanical coupling, where necessary, to capture
the effects of pore water pressure on the rock mass yield
surface.
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Collapse area modelled

Above:
Conclusion

The area coloured green was the surface expression of the
collapse modelled, also with a curved outline, confirming the
role of the overburden in controlling the shape of the collapse.

The simulations demonstrate that the FE simulation framework
can capture rapid pillar collapse and surface subsidence by
simulating pillar deterioration which leads to “snap-through”
of the overburden. This is an important result, because this
mechanism is believed to be responsible for rapid subsidence
events in the Witbank Coalfield.

Pillar Deformation Behaviour used in the model

Recommendation
A cautious approach to re-evaluating pillar strength must
be followed, given the potentially serious consequences of a
collapse in 2 Seam, when mining the 4 Seam above.
Remote sensing techniques, via surface boreholes, would
be appropriate to determine the condition of the 2 Seam
pillars and by evaluating the geological cores, determine the
overburden characteristics above the old workings.

Indicative rockmass softening curve demonstrating the plastic
strain transition points 1 and 2. This is how pillars behave as
they are loaded and slowly deteriorate by scaling, until they
reach the transition zone, prior to collapse.

Subsidence from start to end of weakening stage, at surface
measurement station N02
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RESEARCH HIGHLIGHTS - ENVIRONMENT
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SOIL REHABILITATION: CAN DUNG BEETLES
IMPROVE POST-MINING LAND-USE OPTIONS?
J. DABROWSKI, J. BADENHORST, G. VENTER, C. SCHOLTZ & W. TRUTER

Purpose of the study

The facilities are not expensive and the work is not highly
specialised but optimising the beetle numbers requires
daily, dedicated attention for the full duration of the
breeding season (summer) and less intensive maintenance
work during winter. The three species identified for breeding
naturally occur at the mine sites and therefore remain good
prospects for future breeding programmes.

The activities of ants, termites, dung beetles and earthworms
are all known to positively impact on a range of soil health
parameters. However, to our knowledge, none of these groups
have deliberately been applied as part of a land reclamation
strategy. The overall aim of this study is to determine whether
dung beetles could be used to improve post-mining land-use
options through their dung-burial activities. This has been
achieved through a series of experimental and field-scale
studies to determine whether dung beetles can maintain their
activities along with established ecosystem services in the
soils typically found on rehabilitated mines. This information
forms the basis of recommendations for the use of dung
beetles as a complementary method within the current mix of
rehabilitation methods.
Important findings from this study
1. Dung beetles can be attracted back to rehabilitated mines

Dung beetle mass breeding facility in New Zealand
showing containers full of dung beetle brood balls

Dung-baited pitfall traps were used to determine dung
beetle diversity and abundance at five rehabilitated mine
sites. A total of nine collections were made over a period
of three years during summer months. Collectively, 13 921
individual beetles were collected from the five mine
sites compared to 58 546 from the three reference sites.
On average there were 54 species at mine sites compared
to 76 species at the reference sites. Although there is an
obvious decline in species diversity and abundance at the
mine sites, there appears to be sufficient source populations
in the vicinity of the mines to re-populate these sites over
time with the provision of dung.

3. Dung beetles can tunnel into highly compacted soils
Three species of dung beetles applied in field trials on a
rehabilitated mine site could tunnel into compacted soils
with an average penetration resistance of 3 193kPa and
maximum measurement of 5 000kPa. Their tunnel depths
were slightly shallower than depths reported in other
literature. Evidence of successful breeding with brood balls
containing eggs and larvae produced by all three species
was also present. The three species investigated occur
naturally at all of the mine sites surveyed in this project,
which shows that compacted soils would not prevent
tunnelling by a range of dung beetle species naturally
present at mine sites. These results are supported by field
trial applications which included a wide range of species
applied in enclosures to prevent their escape. They have
been observed to immediately feed on the dung and have
not been found at the soil surface at a later stage, thus
implying they had managed to tunnel into the soil.

Dung beetles sorted for identification from mine sites
(left) and active on rehabilitated mine sites (right)
2. Dung beetles can be bred for mass release on mines
Dung beetles have been successfully mass-reared for release
in various countries. While attempts have been made to
breed large numbers of beetles for this project, with the
main focus on three species: Digitonthophagus gazella,
Onitis alexis and Euoniticellus intermedius, these never
yielded very high numbers. In 2016 a visit to a mass-rearing
facility in New Zealand revealed that in order to breed high
numbers of dung beetles for release, a custom-built facility
with at least two full time staff members is required.

Naturally occurring Gymnopleurus pumilus burrowing
into highly compacted soil (left) and a graph showing
how applied dung beetles (black line) have significantly
reduced soil compaction (penetration resistance) in field
studies on rehabilitated mines at depths of up to 20cm
(right)
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6. Vegetation biomass is increased where dung beetles are
active

4. Dung beetles improve water infiltration rates
Water infiltration rates are significantly higher on dung
beetle treated experimental plots. Improvements ranged
between a 30% and 300% increase in the volume of water
infiltrating the soil. The latter increase resulted in a difference
of approximately 100 mm h-1 with dung beetles. In field trials,
the water infiltration rates improved significantly following
the application of dung beetles. Improvements are not as
drastic as in the experimental plots with a maximum of 35%.
The difference in results is likely a reflection of environmental
heterogeneity and larger spatial area covered in the field
trial. Nevertheless, this result is highly beneficial for plant
growth and results in less surface runoff, which reduces soil
loss (erosion) rates.

Post dung beetle applications on experimental plots,
vegetation biomass showed a general pattern of increase.
Improvements are significant six months post the first dung
beetle application, and one month after the second dung
beetle application, increasing biomass significantly between
100% and 60% respectively. In field trials, there has been a
large increase in biomass (± 50%) following the first dung
beetle application. Although biomass is generally higher on
the dung beetle treated plots in follow up measurements, the
differences are not statistically significant. Although results
are not consistently significant in both the experimental and
field trials, there is a general trend of increased vegetation
biomass where dung and dung beetles were applied.
7. Dung burial leads to increased soil nutrients
At various stages of measurement post dung application
significant increases in phosphorus, potassium, calcium,
magnesium, and cation exchange capacity were measured
on experimental and field plots. In particular there were
increases in potassium and magnesium, and in the cation
exchange capacity. While none of these parameters are
maintained at elevated levels throughout the study, their
periodic increase in the dung beetle treated plots indicates a
degree of nutrient enrichment not present in the untreated
plots. Fluctuations in nutrients may depend on the nutrient
content of the dung buried and the vegetation growth
phase.
Do dung beetles provide a viable and practical solution?
1. The requirement for good quality dung
Dung beetles feed on, and breed in, dung. Without it they
will not be attracted to a site and cannot be sustained.
The dung source could be from cattle or game, from animals
on site, or it could be collected and spread by humans.
The latter is time intensive but could create jobs. However, it
is more practical to introduce livestock for grazing to attract
beetles. However, many endo-parasiticides used to treat
livestock contain toxic residues in the dung that are lethal to
beetles when ingested. Therefore, if livestock are introduced
with one of the aims being to attract dung beetles, then this
aspect would need to be carefully managed. This can be
achieved through the use of tested ‘Dung Beetle Friendly’
products and strategically planning treatments to coincide
with periods of lower dung beetle abundance.

Graph showing how experimental plots where dung
beetles have been applied (dark grey bars) had
significantly higher water infiltration rates than
reference plots (medium and light grey bars). Water
infiltration measurements were taken one month and
six months after two dung and beetle applications
5. Dung beetles reduce soil compaction
On experimental plots with dung beetles, soil compaction
(penetration
resistance)
decreased
significantly.
The greatest increase was seen one month and six months
following the second dung beetle application. In the latter
measurement, penetration resistance reached a maximum
of 430kPa while the sites with no beetles had maximum
values greater than 1 100kPa. This is a reduction in soil
compaction of more than 150%, and suggests that repeated
applications of dung beetles could enhance certain benefits
associated with their tunnelling activity. The results of the
experimental trial have been reinforced in the field trial,
where reduction in soil compaction after all dung beetle
applications can be observed. However, the results are
not sustained in the long term. Measurements taken at
random points in the enclosures included areas where dung
beetles had tunnelled and where they had not. These results
emphasise that improvements are localised beneath dung
pats, and did not extend beyond this area.

2. How many beetles are needed to make a difference?
In this study, for most appplications, 20 beetles were used.
At this rate, a measurable improvement in soil and vegetation
parameters is achieved. Most of the dung in a 1kg dung
pat is also buried, reducing effects of pasture fouling and
maximising the recycling of nutrients. However, the positive
effects of beetle activity are concentrated beneath the dung
and don’t extend horizontally beyond the dung pat to a
great degree. Unless every square inch of ground is covered
with dung and worked by beetles (which is impractical), the
effects will inevitably be heterogenous in space and time.
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3. Would mass rearing and release of beetles be required?

Livestock would need to be introduced to a number of
reclaimed mine sites. Ideally sites could include some of those
assessed in this project as we have a good understanding of
the baseline dung beetle assemblage and environmental
conditions. Livestock could be introduced to suitably grassed,
fenced areas and rotated after a period of four to six weeks.
Once livestock have been introduced, we could then attempt
to answer the following research questions:

A single cow deposits about 2.5kg of faeces between
10 and 24 times a day in one large, or several smaller pats.
If we consider that 20 beetles are required to bury 1kg of
dung in approximately 48 hours, then between 500 and
1 200 beetles are needed to process the dung produced by
a single cow in one day. On average, 309 individual beetles
are collected from each mine site during each sampling
trip. Therefore ,we can safely assume that the numbers
of naturally occurring beetles required to process all the
dung produced even by a small herd of cattle will initially
be insufficient to bury all of their dung on rehabilitated
mine sites. Although the population would grow with time,
mass-rearing and release would provide an initial boost to
the population and would be recommended.

yy Given the provision of dung producing livestock, how
would naturally occurring versus mass-reared and released
dung beetle populations fluctuate and influence their
environment?
yy How do naturally present dung beetle assemblages respond
to the presence of dung-producing livestock on reclaimed
mines?

Recommendations for future research

yy When applying mass-reared beetles, at what point can we
be certain that a sufficiently numerous and self-sustaining
population of beetles has been established?

The benefits of dung beetle activity are well established for
agro-ecosystems and, based on the results of this project, have,
for the most part, been shown to apply to reclaimed mine sites.
Therefore, future research should focus on methods for the
application, management and monitoring of dung beetles on
reclaimed mines.

yy Is the vegetation growth response to grazing and dung
beetle activity sufficient to provide a sustainable grazing
system on reclaimed mine sites? What quantities of livestock
could be supported?
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THE IMPACT OF CATTLE GRAZING ON A RECENTLY
REHABILITATED GRASSLAND ECOSYSTEM IN AN
OPEN CAST COAL MINE IN MPUMALANGA
N. D. THOVHAKALE & E. M. STAM
Introduction

Two vegetation surveys were carried out, the first in
March 2017 and the second in February 2018. During these
surveys three samples were taken inside and outside of a one
square meter quadrat, resulting in a total of 60 samples. A disk
pasture meter was used to derive estimates of the biomass
and two soil samples per exclosure were taken. Finally two
benchmark sites in the vicinity of the experimental site were
identified.

Coal mining companies make considerable efforts to
rehabilitate the landscape after open cast mining, recreating
natural contours, returning the top soil, sowing grasses and
controlling erosion. While the ultimate aim of these efforts is
to return the land to a state where it can be used again, either
for agriculture or grazing, the decision as to whether the land
has reached that point is not easy to make. On the one hand
the mine cannot afford to keep managing the area for too long,
on the other hand it may take time for the area to be stabilised
sufficiently for a handover.

Bare Ground

After rehabilitation, vegetation succession commences and
this is a process that takes place on a timescale of decades, if
not centuries and influenced by regular veld fires and grazing.
Natural grazing has an important function in grassland
ecosystems in that it stimulates growth, prevents the formation
of moribund material and promotes species diversity.
However, grazing intensity in most natural systems is generally
much lower than in meadows grazed by cattle. In the latter
there is always the danger of overgrazing leading to veld
degradation and erosion. It is likely that a newly rehabilitated
area in an early stage of succession is extra vulnerable to
overgrazing.
The impact of cattle on rehabilitated land is not necessarily only
negative. For instance, their hooves may break the impenetrable
soil crust which is found in many rehabilitated areas, thereby
allowing water to penetrate the soil. The trampling of old plant
material into the soil as well as manure may enrich the soil with
organic matter, and if the cattle are moved in from elsewhere
they may also bring seeds of species that are not yet present
on site.

Figure 2 Layout of the experiment. The exclosures are not
drawn to scale

Figure 1 Enclosure
The question whether cattle have a positive or negative impact
on rehabilitated grassland is being tested on a site near Ogies,
in the Mpumalanga Province, using ten 5 x 5m exclosures
(Figure 1). The function of the exclosures is to prevent grazing
in the enclosed area. With time it becomes possible to assess
the effect of grazing by comparing the vegetation inside
and outside the exclosures. The site where the exclosures are
constructed is 31.8ha in size. The exclosures are arranged in
two parallel transects, 50m from each other (Figure 2).
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Table 1 Repeated measures ANOVA results for bare ground
data. Significant effects are in bold italic font

Figure 3 Ground cover. The figure also shows the 1m3
frame which was used for the quadrat sampling

SS

Figure 4 Change in percentage bare ground between 2017
and 2018. Error bars indicate 95% confidence limits

df

Intercept

346737.0 1

MS

F

P

346737.0 918.34

0.0000

InOut

760.7

1

760.7

2.0148

0.1635

Excl

12224.1

9

1358.2

3.5973

0.0023

InOut*Excl

3240.1

9

360.0

0.9535

0.4915

Error

15102.7

40

377.6

TIME

602.7

1

602.7

5.2794

0.02689

TIME*InOut 194.7

1

194.7

1.7055

0.19903

TIME*Excl

3660.7

9

406.7

3.5627

0.00250

TIME*
InOut*Excl

1344.7

9

149.4

1.3087

0.26301

Figure 5 Species cover by site. Block I: rehabilitated site in
2017 and 2018, BM1: benchmark site 1, BM2: benchmark
site 2

One of the main problems of the rehabilitated site was the
poor vegetation cover (Figure 3). On average the amount of
bare ground was 56% in 2018 versus about 10% in the two
benchmark sites. The effect of the exclosures on this aspect of
the vegetation was tested using repeated measures, ANOVA.
The results are shown in Table 1. The factor marked InOut
represents the comparison between samples taken inside
and outside the exclosures. It appears that the exclosures
have no significant effect on the percentage bare ground.
The significant effect of exclosure (Excl) indicates that there
are differences in ground cover between exclosures (location
effect) and significance of the factor time indicates that there
is a difference between the two years (Figure 4). Finally, the
significant interaction effect of time and exclosure means that
the effect of time was not the same for all exclosures.
Species composition

Figure 6 Relative abundances of different plant types.
A and B: rehabilitation site in 2017 and 2018, C: benchmark
site 1, D: benchmark site 2

The species composition of the rehabilitated and the two
benchmark sites are shown in Figure 5. The rehabilitated
site has a high density of Hyparrhenia hirta (thatch grass), a
species which was completely absent from the benchmark
sites. Eragrostis curvula, a poor quality grazing grass, and is
highly abundant in the rehabilitated site and dominant in the
benchmark site 1, but not very prominent in benchmark site
2. Benchmark site 2 has a few species that do not occur in the
other sites, such as Urochloa mocambicensis (buffalo grass) and
Agrostis eriantha (bentgrass).

A

Grasses can be classified for their ecological properties
as Decreaser, Increaser I, Increaser II and Increaser III.
Decreasers are generally highly palatable grasses which
disappear if the veld is poorly managed. A healthy grassland is
rich in decreasers. In the areas surveyed there are no decreasers
at all (Figure 6), which means that neither the rehabilitated site
nor the two benchmark sites are healthy.

B

D

C
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Grazing capacity and grazing intensity
Using the data for abundances of different grass types, biomass
and area it is possible to estimate the grazing capacity or the
number of ‘animal units’ an area can support. The following
formula was used: y=(d∙r)/(DM∙f ) in which y is the grazing
capacity in hectares (ha) per animal unit, d is the grazing
period in number of days per year, r is the daily dry mass
requirement per animal unit, DM is the dry mass in kg/ha and
f is the utilization factor which depends on the result of a veld
assessment.
The result for the rehabilitation site is 1.025ha/animal unit.
The herd of cattle which is grazing the area is 105 animal units
in size, which means that it would require 107.6ha. The actual
size of the area is 31.8ha, which means that it is likely to be
overgrazed.
A new method for monitoring the vegetation development
One method for summarising vegetation data is
correspondence analysis. The result of a correspondence
analysis is a plot in which points for sites and species are plotted
along two axes. For our purpose there was no need to plot the
species, so they were left out of the plot. The position of a site
point in the plot depends on its species composition only.
Site points which are close to each other have similar species
compositions, while those that are far apart are very dissimilar.
If samples from two consecutive years are plotted in the same
plot the position of the point from the second year relative to a
point from the same site in the first year reflects a change in the
species composition. In Figure 7 such changes are indicated
by vectors which connect points belonging to samples taken
from the same location a year apart. The vectors vary greatly
both in length and direction. The reason for this may be that a
year is too short for a clear directional change in the vegetation
composition of the whole area to be discernible.

Figure 7 Correspondence analysis of vegetation samples
from the rehabilitation site (2017-18) and the two
benchmark sites. The ovals encircle the points for the two
benchmark sites (save one outlier). The section in the red
square is enlarged to show the vectors. The insert in the
bottom right shows the average vectors, inside exclosures,
outside exclosures, overall average.

The scatter notwithstanding, we averaged the vectors for the
sites inside the exclosures, outside the exclosures and all sites
together. The average vectors are shown in the insert in the
bottom right of Figure 7. This representation is a magnification
of the actual vectors which are approximately an order of a
magnitude smaller. The direction of the vectors is approximately
towards benchmark site 1, but the change is very slow.

Concluding remarks
Currently the rehabilitated site is in a severely degraded state, apparent from both the poor vegetation cover and the
species composition. Therefore, the site has a high risk of erosion. The effect of cattle grazing on the percentage of bare
ground discernible from the comparison between the vegetation inside and outside the exclosures is not yet significant.
However, the exclosures have only been present for one year during which the camp was utilised for grazing for a period of
three months. In the correspondence analysis of the species composition, the average vector for inside exclosures points in
a different direction than the one for outside the exclosures, suggesting that the vegetation develops in different directions.
However, the vectors are too short and there is too much scatter around them to allow for a firm conclusion in this regard. A firm
conclusion would mean extending the study and monitoring the vegetation over a period of five years.
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UPDATE OF THE 2007 ‘GUIDELINES FOR THE
REHABILITATION OF MINED LAND’
R.HATTINGH

The initial Minerals Council South Africa’s Guideline was
compiled in 1981, with a subsequent update approximately
16 years later in 2007. Since this time, over 10 years have passed
during which land rehabilitation practices have become
a focus of managing sound socio-ecological businesses.
Simultaneously there have been notable changes to mining
rehabilitation-related legislation as well as mining houses’
focus on developing in-house guidelines/standards, etc.
As a key social platform in southern Africa where land
practitioners can access information and network between
specialists, the Land Rehabilitation Society of Southern
Africa (LaRSSA) was in the best position to update the
2007 Guideline. The Council members are all leading land
rehabilitation specialists within their disciplines – from mining,
to agriculture, to conservation. Accordingly, the Society is
considered representative of industry, consultants, regulators
and academia. Some of the Council members also sit in on the
Coaltech Surface Environment meetings.
The project was initiated in September 2017, aiming for
completion by September 2018. To date, the following have
been completed:
yyDesktop review of relevant guidelines/standards Since development of the 2007 Guideline, significant work
has been undertaken by mining houses, other academic
institutes and consultancies in compiling their own
guidelines / standards, etc. for land rehabilitation. Allowance
has been made to assimilate these documents, critically

review their content, and identify key aspects that could be
used to inform the updated Guideline. Attention has been
given to rehabilitation challenges and practices related to
high extraction mining operations.
yyUpfront work sessions to devise updated guideline
needs and objectives - Current industry needs have been
considered critical for incorporation to the updated
Guideline. Following an internal LaRSSA Council member
work session to devise the updated Guideline framework,
an external strategic work session was held during
September 2017 to agree on this framework. This included
key mining-related / industry land rehabilitation ‘gurus’
whose focus are on the practical application of rehabilitation
principles.
yy Field assessments (case studies) – During October to
December 2018, four site visits were undertaken by the
LaRSSA Council. The selected sites comprised rehabilitated
mine sites that could be used to assess long-term
rehabilitation-related stability and functionality already
achieved. These successes (and/or challenges) were
compared to the recorded rehabilitation methods applied,
towards verifying key rehabilitation principles and practices.
All of the sites were Coaltech member sites, with two areas
used for site assessment as part of the 2007 Guideline
compilation.
Some of the key learning to date are provided in Figures 1 – 3
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At present, the draft updated Guideline is being compiled.
On its completion, it will be distributed to the LaRSSA
membership base for comment. A work session with Coaltech
team will them be held to present the draft Guideline content,
resulting in the updated Guideline finalisation.

Once the ‘overarching guideline’ has been suitably updated,
there is opportunity to compile a specific guideline to address
rehabilitation challenges on coal mine-related waste facilities.
Furthermore, this could be extended to compile commodityspecific land rehabilitation guidelines, such as for gold mines.
However, this would need further thought and discussion,
possibly outside the Coaltech domain.

Importantly, as in the 2007 Guideline, the updated Guideline
will be specifically for coal mines - open pit and underground
operations. It will also not cover rehabilitation of coal minerelated waste facilities such as waste rock dumps and/or
tailings dams. The focus will remain on achieving safe, stable
and functioning landscapes that have productive (ecological,
agricultural and/or socio-economic post-mining land uses).

Coaltech and the LaRSSA team would like to see this updated
Land Rehabilitation Guideline become the key rehabilitation
handbook for coal-mining land rehabilitation practitioners.
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RESEARCH HIGHLIGHTS - COAL PROCESSING
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DRY COAL BENEFICIATION
PROF. M. LE ROUX, DR N. NAUDÉ & DR S. BADA

Introduction

The purpose of this sub-project was to determine whether
the ADMFB can successfully remove impurities from the duff
(small) coal particles (-5.6 +0.5mm). A Seam 4 run-of-mine
coal, from Witbank, was used during the project which had an
initial ash yield percentage of 22.95% and a CV of 24.16MJ/kg.
The fluidised bed was operated with and without vibration, and
the influence of different dense media is tested. Magnetite,
sand and a fine discard coal were used as fluidising medium.

In principle, dry technologies are similar to most wet
beneficiation techniques that are currently industrialised.
These operate based on the relative movement of a particle
within a medium in accordance to the difference in said
particle and medium density. In the simplest terms, particles
denser than the medium sink and those less dense, float.
One of the preferred method of dry dense medium separation
is proving to be the Air Dense Medium Fluidised Bed (ADMFB)
technology. ADMFB has been used extensively in China for dry
coal processing, however, more recently it has fallen out of
favour, mostly due to suspected difficulty in separation of the
medium and product/discards.

It was found that the addition of magnetite was able to
segregate coal particles according to density, but did not
improve the destoning capabilities of the fluidised bed.
This was mainly attributed to the very fine nature of the
magnetite, which caused back mixing, plug-flow and turbulent
behaviour within the bed. Furthermore the separation of
magnetite from the coal was troublesome.

In ADMFB technology, air is blown through a particulate bed
of suitable dense medium at a specific velocity. This forms a
fluidised bed of particles with pseudo-fluid properties such as
(and most applicable to this study) density. Upon the addition
of coal to the suspended medium, stratification occurs and the
heavier coal particles (associated with high mineral content
and low calorific value) sink to the bottom of the bed, while the
lighter, better quality particles float. Experimentally, a mixture
of coal and medium is loaded into a column and fluidised
with air for a period of time. After completion the particulate
suspension is allowed to settle into a packed bed state which is
cut in layers of specific height. From here the coal is separated
from the dense medium and sampled for analyses. The extent
of beneficiation is observed from the quality of the coal in
terms of the ash yield, calorific value and density, reporting to
each layer.

From all the different dense media, sand was found to give
the best separation efficiencies. The use of sand as fluidising
medium created a more stable bed, which aided in the density
separation. Therefore, the results indicated that sand is a
lucrative alternate to magnetite.
A fine discard coal, used as a fluidising medium, gave moderate
results. However the destoning capabilities of the fluidised bed,
with the use of this fine discard medium, were in most cases
better than when magnetite was used. Hence, the addition of a
fluidising medium did not improve the separation efficiencies
of the fluidised bed, and the fluidisation of coal without any
medium gave the best results.
The addition of vibration did not have a significant impact
on the destoning capabilities of the fluidised bed, when no
medium was added. However, when a medium was used to
beneficiate the coal, the addition of vibration improved the
sharpness of separation. It was concluded that the use of a
fluidised bed is a viable process in order to remove high ash
value material from a typical South Africa coal with a size range
between 0.5 and 5.6mm.

This total project was split into five subsets and divided
between three South African universities as follow:
1. ADMFB operation of -6mm particles done at North-West
University, 2014-2015
2. ADMFB operation of -13mm +6mm particles done at NorthWest University, 2016-2017

North-West University: ADMFB of -13mm +6mm particles
The project on the larger coal particle ranges in the fluidised
bed was done by Nikki Hughes and completed in 2017 when
she graduated cum laude with a Master’s degree in Chemical
Engineering. This project is summarised below.

3. Dry medium recovery with the use of magnetic separation
done at the University of Pretoria, 2016-2017
4. The recovery of ilmenite (medium) from a dry dense medium
fluidized bed done at the University of Pretoria, 2016-2017

The purpose of this study was to determine whether ADMFB
is suited for the effective beneficiation of South African small
(+5.6-13.2mm) coal particles. The separation efficiency of the
fluidised bed, (how effectively high-density gauge and lowdensity coal are separated in the ADMFB), was evaluated by
considering the following objectified variables the effects
of differing particle size distributions, variance in mediumto-coal ratios and the influence of activated vibration.
Auxiliary investigations toward the quality of the feed coal
were also conducted to further comprehend the significance
of this variable on the separation efficiency of the fluidised bed.

5. The cost evaluation of different medium solids for an air
dense medium fluidised bed coal separator done at the
University of the Witwatersrand, 2016-2017
North-West University: ADMFB of -6mm particles
Completed at the end of 2015 by Danie Langner when he
graduated with an M.Eng. degree in Chemical Engineering, the
findings of the project were reported to Coaltech in a previous
report. They are summarised below to provide a holistic view
on the total project.
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Table 1: Summary of results for -13.2mm +5.6mm particles
in an ADMFB using magnetite as medium

Another major outcome of this study was to design an enlarged
ADMFB for processing of large particle sizes and increased bed
loads. This was approached by an initial fundamental process
design in which the modified Ergun and associated fluidisation
equations were used to obtain the minimum fluidisation
velocities and corresponding bed pressure drop and height for
each variable considered. From these results, the bed geometry
and dimensions of the new assembly were designed, showed
in Figure 1. A 0.3m by 0.3m square bed structure was selected,
made up of eight 0.05m transparent PVC layers that fit perfectly
into another to prevent air and material leakages.

When focusing on the ash values in the feed, top and bottom
layers of the bed, a decrease in coal particle size distribution
(PSD) proves to have an effect on the extent of separation in
the bed. All considered PSD ranges yielded comparable ash
values in the top, intermediate and bottom bed layers, but
the larger PSD (+11.2-13.2mm) yielded the best performance
curves when considering ash value and mass yield. Ash content
values ranging from 18-30%wt were obtained in the top bed
layers over all variables considered, depending on the ash
content of the feed and whether dense medium or vibration
are present during operation. It was further established that
the addition of dense medium (magnetite) did not have a
remarkable effect on the separation efficiency of ADMFB. The
experimental runs conducted with dense medium yielded less
desired results in the top, intermediate and bottom layers of
the bed when compared to those of only coal. The activation of
vibration too, showed no improvement to the extent to which
ADMFB separates the coal, middling and gangue products.
However, noticeable was that a decrease in PSD, addition of
dense medium and activation of vibration had a significant
impact on the operability of ADMFB in terms of minimum
fluidisation requirements and bed stability.

Figure 1: Designed fluidisation setup showing A) the blower,
B) circular air duct, C) air flow transmitter, D) distribution
plate, E) fluidised bed layers, F) fluidised bed extension, G)
tapered head, H) vibrating motor and I) control box
This makes up the fluidising layer of the bed, which is mounted
on an air distributer mechanism that is affixed to a centrifugal
fan delivering an even distribution of air at the required velocity.
The effect of vibration is of interest to this study and bed
vibration, when required, is induced by means of an oscillating
vibratory motor with adjustable frequency and amplitude.
Accurate flow and pressure readings, required for establishing
a stable fluidised bed, were attained from an air velocity sensor
and water based manometer, respectively.
Dry beneficiation of the coal was attained within ADMFB, in
varying degree, for each of the variables listed above. For a
theoretical product of 75% bed volume (or the top three bed
layers), ash yields obtainable are recorded to vary between
13 and 17.6% with a corresponding mass yield percentage
range of 27.6-34.2. For the experiments conducted in this study,
these values worsen slightly when considering the addition of
dense medium and vibration. These results are summarised in
Table 1.
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Coal with considerable amounts of intrinsic ash forming
minerals, which cannot be liberated by means of crushing,
prove extremely difficult to beneficiate. Conclusively, it was
established that the quality of the coal in terms of amount
of inorganic matter (minerals) present and the measure to
which these are intimately mixed with the organic matter
(microlythotypes), significantly influenced bed segregation.
From this it can be noted that a blended feed coal, containing
a variety of qualities, is best suited for the dry beneficiation of
coal in ADMFB and that extensive optimisation of the operation
in all aspects is crucial. Furthermore continuous operation of
the bed is required to ensure that the drawbacks of a batchtype experimental run, most especially with regard to vibrated
dense medium beds, are negated.

Figure 4: Titaniferous Magnetite Recovery

University of Pretoria: Dry medium recovery with the use of
magnetic separation
The first draft of the completed dissertation by Jumandie
Pieterse was on 1 July 2018.
The highest magnetite recoveries, as shown in Figure 2 and
Figure 3, were obtained from using dry samples (dry coal and
magnetite). It is clear that the moisture content of the magnetite
has no effect on the recovery of the magnetite. Furthermore
the results indicate that there is a huge drop (>50%) in recovery
when wet coal (>4 to 5.5% surface moisture) is introduced in
the processing, and this only occurred when the magnetite was
used once. The magnetite recovery dropped even further when
the magnetite was re-used for five and 10 repetitions. The use
of a high frequency screen, as the first step in the recovery of
the magnetite, seems to improve the recovery of the magnetite
for the wet coal. Therefore, it is important that high frequency
screening forms part of the dry dense medium separation
process.

Figure 5: Coal Surface Moisture vs High Titanium Magnetite
Recovery
Therefore it can be concluded that an increase in the surface
moisture of the coal has a negative effect on the recovery of the
magnetite and titaniferous magnetite. The results confirmed
that it is essential to dry the coal before entering the Bohou
process. The coal product and waste obtained from the Bohou
process should also be screened with high frequency screens
to achieve optimum medium recovery.
University of Pretoria: Recovery of Ilmenite (medium) from
a dry dense medium fluidised bed
In this study, by Kalenda Narcisse (recently completed and
in the examination process), Ilmenite is considered as an
alternative medium to the magnetite currently used, due to
its clean surface properties, hydrophobicity, and sphericity.
It is expected that the ilmenite will not attract contaminants to
its surface and will not be lost to the coal due to attachment.

Figure 2: Magnetite recovery

The research has proven that there are ilmenite resources
available in South Africa, especially in the deposits located
along the eastern, southern and northeastern coasts. Ilmenite
is found in heavy mineral sands which contains typically
90% ilmenite, 5% Ti-hematite, 3% spinel (including chromite
and magnetite) and 2% silicates by weight. Ilmenite minerals
are recovered in three significant mines namely, Namakwa
Sands Mines (Tronox), Richard’s Bay Minerals (Rio Tonto) and
KwaZulu-Natal (KZN) Sands (Tronox). Kenmare Resources
(Moma) is also a potential producer of ilmenite in Mozambique.
Based on USGS reported data of the world production of
ilmenite in 2017, South Africa produced an average of 1 300
thousand metric tons of ilmenite.
Figure 6 shows the results of the ilmenite recovery for the
various conditions. It is important to note that the results
depicted were only screened with the use of a laboratory screen
(no high frequency screen was used). The results showed the
dry coal and wet ilmenite 2% had the highest recovery of
ilmenite, with the lowest recovery observed in the wet coal
4.4% and dry ilmenite respectively.

Figure 3: Coal surface moisture vs magnetite recovery
The results obtained for the Titaniferous Magnetite (Figure
4 and Figure 5) showed similar trends. The recovery of the
titaniferous magnetite was overall better for the wet coal than
that of the magnetite. The high frequency screen also delivered
improved recoveries.
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The following conclusions are drawn from this study:
1. All the solid medium materials tested were classified
as Geldart Group B materials (40 – 500 µm and density
1 400 – 4 000kg/cm3), with the potential for creating a bed
with good fluidisation characteristics.
2. According to the results obtained from the Davis tube test,
pyrrhotite was the only medium out of the four proposed
media that has a magnetic and non-magnetic material of
about 30% and 70%, respectively.
3. The fluidisation characterisation tests showed that the
most stable and uniform beds in descending order were,
magnetite, pyrrhotite, GBFS, silica sand and coal rejects.

Figure 6: Example of ilmenite recovery
For the initial investigation into how ilmenite will behave
as a medium in dry dense medium separation, two types of
mediums were considered, that is a reference medium, which
consists of ilmenite and sand, and another medium that
resembles the medium used in the current dry dense medium
fluidisation process consisting of ilmenite and fine coal. The
experiment was conducted on coal sized between 13.2 - 50mm
in a laboratory scale cylindrical fluidised bed, and density
tracers were used to determine the Ecart Probable Moyen
(EPM). The results revealed that a uniform and stable fluidised
bed could be achieved for both scenarios.

4. An investigation using 100wt% magnetite bed and density
tracers showed that the probable error (Ep) reduces from
0.063 to 0.040 with a decreased static bed height from
30 to 20cm.
5. The beneficiation tests conducted using density tracers and
a bed of pyrrhotite-magnetite blend at 40wt% pyrrhotite
+ 60 wt% magnetite produces products with yield ranging
between 53 – 58% and probable error (Ep) 0.053 – 0.073.
The optimum blend ratio was at 40wt% pyrrhotite + 60wt%
magnetite, however, beyond which the yield and probable
error began to decline.

At optimal sand and ilmenite medium conditions, the
bed had a separation EPM of 0.045, and a cut density of
1.80g/cm3. A blended medium of fine coal (60%) and ilmenite
(40%) delivered a cut density of 1.58g/cm3 and was used as the
optimum condition with a separation efficiency (EPM) of 0.05.

6. The coal beneficiation tests with 100wt% magnetite bed,
40wt% pyrrhotite + 60wt% magnetite blend and the sink/
float test produces coal of different qualities as illustrated in
the table below;

The yield of feed to the plant coal sample (AFE) and run of mine
coal sample (ROM) were 61.44% and 71.27% respectively at the
optimal condition of a binary medium fine coal with ilmenite.

7. From a cost perspective, the partial replacement or
blending of the pyrrhotite ore, which is considered a reject
with magnetite, might be of great impact in reducing the
operating cost of a coal ADMFB process.

The test work confirmed that the ilmenite does not attach
to the surface of the coal. The same trends in the recovery
of ilmenite from wet coal was observed as what was shown
for magnetite, but to a far lesser extent. Recoveries of 68%
ilmenite is still achievable under normal laboratory screening
conditions in comparison to the three percent recovery of the
magnetite under similar conditions. In addition, the ilmenite
recovery experiments did not make use of a high-frequency
screen, which will result in even better recoveries.

8. The superior product achieved by the 40wt% pyrrhotite
+ 60wt% magnetite bed has a higher market value per
tonne of about ZAR790,00 compared to ZAR600,00 for
the 100% magnetite bed. Therefore, there is potential for
higher revenue generation if a blend is utilized as the dense
medium material.

The stereomicroscopy results of the ilmenite surface after
the high gradient magnetic separator revealed that both the
surfaces of ilmenite used only once and re-used for 10 times
showed that there was no clays attach on the surfaces

Table 2: Comparison of 40% blend and 100% magnetite
beneficiation products.
Table1: Comparison of 40% blend and 100% magnetite beneficiation products

University of the Witwatersrand: Cost Evaluation of
Different Medium Solids for Air Dense Medium Fluidised
Bed Coal Separation
This investigation was conducted by Kundayi M. Chagwedera
and completed in 2017, who graduated with an MSc degree
in April 2018, successfully demonstrating that pyrrhotite can
be used as a blend for the beneficiation of coal in an ADMFB
application.
In this study, the potential of pyrrhotite, granulated blast
furnace slag, silica sand and coal rejects were evaluated as
alternative solid medium materials to magnetite, solely/mixed
to expand the choice of dense medium suitable for ADMFB
coal separation in South Africa. Material characterisations,
fluidisation characterisations, sink/float and ADMFB
beneficiation tests were conducted, and different clean coal
products were obtained. A cost evaluation was performed to
determine the economic potential of using pyrrhotite as an
alternative dense medium material for concept of screening.

Sample

Ash
%

CV
MJ\kg

VM
%

Yield
%

Feed
Product 1
Product 2
ADMFB
Product 3
40%
Discard 1
pyrrhotite
Discard 2
Discard 3
Product 1
Product 2
ADMFB
Product 3
100%
Discard 1
magnetite
Discard 2
Discard 3
F @ 1.30
F @ 1.40
F @ 1.50
F @ 1.60
Float and
Sink Test
F @ 1.70
F @ 1.80
F @ 1.86
S @ 1.86

39.32
14.75
14.21
14.54
61.08
62.06
61.52
19.60
20.20
20.95
63.14
63.05
64.06
5.54
8.29
13.96
22.05
32.06
38.56
42.79
76.53

18.76
27.60
26.77
27.58
9.66
8.84
8.80
25.46
25.24
25.01
8.31
8.70
7.95
31.47
30.47
27.70
24.10
19.83
17.73
15.81
4.08

19.80
24.14
23.55
25.09
14.77
14.28
14.76
22.50
21.99
22.24
14.14
13.84
13.77
28.31
26.72
23.06
22.00
18.60
18.84
16.14
10.70

100
52.36
52.18
52.20
47.64
47.82
47.80
60.26
60.67
60.89
39.74
39.33
39.11
1.18
13.99
23.81
10.04
6.90
6.55
2.45
35.08

* CV: Calorific Value; VM: Volatile Matter; S: Sulphur
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Ash
reduction
%
0.00
62.49
63.86
63.12

2.49
0.42
0.41
0.42

0.00

3.58

50.15
48.63
46.72
0.00

S
%

Comparison of product income for 100% magnetite and
40:60 blend
In order to give a full picture of the profitability of using a
40wt% pyrrhotite + 60wt% magnetite blend, a comparison
of the revenue potential for the two dense media options
was carried out. The results of product grades highlighted in
Table 2 ranging from 27.70 to 25.01MJ/Kg above were used.
The revenue from the two coal products was calculated based
on the following:
I. Coal prices (Prevost, 2017),
II. Plant technical parameters (Zhao et al., 2016),
III. Different operating parameters used in the investigation.
Table 3: Monthly income analysis for 100wt% magnetite and
40wt% pyrr + 60wt% magnetite
ADMFB separator dense
medium
Index

Daily throughput (t)
Monthly throughput (t)

100%
magnetite

40% pyrr
+ 60%
magnetite

1 000
30 000

Recovery (average) %

60

53

Clean coal product (t)

18 000

15 900

Product price per ton (ZAR)
Monthly revenue (ZAR)
Monthly dense medium cost
(ZAR)
Expected ‘Profit’ (ZAR)

600

790

10 800 000

12 561 000

360 000

216 000

10 440 000

12 345 000

The expected profit that could be generated from an ADMFB
using two different media based on the average SA inland
sized coal prices are depicted in Table 3. The cost for a clean
coal product, grades B and D are ZAR790,00 and ZAR600,00,
respectively. Therefore, according to this study the 100%
magnetite clean coal product and 40 wt% pyrrhotite + 60wt%
magnetite products are expected to be ZAR600,00 and
ZAR790,00 per ton, respectively. Therefore, considering the
yield and dense medium cost for each product, it can be seen
that higher ‘profits’ can be expected for the latter because of
the higher quality product.
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