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Abstract

Mamelodi Quarries, which currently mine the Franspoort nepheline syenite,
produces aggregate and crusher sand for the local building industry. The mine is

located northeast of Pretoria, South Africa on the road to Cullinan.

The aim of this study is to investigate the use of the Franspoort nepheline syenite as
an alumina and alkali resource for the glass and ceramics industry at Mamelodi
Quarries, and to evaluate the production of a concentrate of zircon and rare earth
elements as economic by-products. International standards require a nepheline
product with a ferric oxide content of less than 0.35 weight percent.

The Franspoort nepheline syenite contains 3.37 weight percent of ferric oxide. The
iron-containing minerals present are aegirine, aegirine-augite, magnetite, ilmenite
and pyrite. The removal of iron-bearing minerals was attempted by high-intensity wet
magnetic separation, low-intensity dry magnetic separation, spiral gravity separation,
and heavy liquid separation to produce a saleable nepheline product. This product is
the cleaned final concentrate, of the different separation tests, which contains the

lowest iron concentration for application in the glass and ceramic industry.

The mineral assemblage was determined with a petrographic study as well as X-ray
diffraction and electron microprobe analyses. Material from the different separation
tests was analysed with X-ray fluorescence to obtain the chemical composition and

to evaluate the final iron content of the nepheline product.

The dry magnetic separation method produced the best results. The nepheline
product has a ferric oxide content of 0.68 weight percent compared to the starting
concentration of 3.37 weight percent. The ferric oxide concentration is, however,
above the accepted levels for the glass and ceramics industry. The ferric oxide
content is attributed to small iron-rich mineral inclusions, which are locked in feldspar
and nepheline. The final nepheline product is not suitable for the use in the glass and

ceramic industry.



Zircon was concentrated the best by the use of heavy liquid separation. Zircon is in
most cases locked in the minerals albite, microcline, and nepheline. The rare earth
elements are mostly associated with zircon and fluorite and therefore it will not be

viable to produce it as a by-product.
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List of abbreviations and definitions used

Abbreviation Explanation

% Percentage

By-product A secondary material having economic value. Concentrated in the process of
extracting a main mineral from an ore deposit

EMPA Electron microprobe analysis

Flux A material that lowers the melting temperature of a mixture or single mineral.
The patrticle size and different melting temperatures will influence the melting
temperature

FNS Franspoort nepheline syenite

FP Final product

Fuse The process causing the formation of glass in a furnace
How easily a specific mineral or particle melts and mixes with other minerals at

Fusibility a given temperature

g Grams

HLRH Heavy liquid separation ROM heavy portion

HLRL Heavy liquid separation ROM light portion

HLRSM Heavy liquid separation ROM starting material

kv Kilovolt

I.d lowest limit of detection

LOI Loss on ignition

Ma Millions of years before present time

mass % mass percent
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MQ Mamelodi Quarries

MQ1 Mamelodi Quarries 1 (grey nepheline syenite)

MQ2 Mamelodi Quarries 2 (xenolith)

Msr Measured values

nd Not detected

Nugget effect

The effect of high-elevated concentration of a specific element due to statistical
distribution or natural enrichment

ppm Parts per million
REE Rare Earth Elements
REO Rare Earth Oxide
ROM Run of mine

RPM Roll per minute

sec Second

Std Certified reference value
upP University of Pretoria
wt % weight percent

XRD X-ray diffraction

XRF X-ray fluorescence

Xi



1 INTRODUCTION

1.1 General

The aim of this study is to investigate the mineralogical composition of the
Franspoort nepheline syenite as an alumina and alkali resource for the glass and
ceramics industry. Mamelodi Quarries mine the Franspoort nepheline syenite (FNS)
and produce an aggregate and crusher sand for the building industry. Mamelodi
Quarries wanted to investigate the possibility of producing a nepheline product to

supply the South African glass and ceramics industry.

Compared to the different nepheline syenites from Canada and Norway, the
Franspoort nepheline syenite has a higher iron concentration (Table 1). This is
challenging for glass and ceramic production. In South Africa, the Pilansberg
Complex, which contains nepheline syenite rocks, has been investigated as a
potential resource for Rare Earth Elements (REE) (Schirmann and Harmer 1998).
In this study the REE and zirconium content of the nepheline syenite will be
investigated to evaluate different processes to concentrate these elements as a

potential future by-product for the mine for economic reasons.

Table 1. Composition of Franspoort nepheline syenite and different nepheline syenites from

Norway and Canada.

Norway Norway Canada Canada Norway Franspoort
clear colour clear colour ceramic starting
glass glass glass glass grade* material”
grade* grade* grade* grade*
SiO; 57.00 56.50 60.30 60.70 57.00 54.95
Al,O; | 23.80 22.50 23.70 23.30 23.80 20.82
Fe,O; | 0.10 0.40 0.10 0.07 0.12 3.37
TiO, 0.10 - - - - 0.33
CaO 1.30 2.50 0.30 0.70 1.10 1.09
Na,O | 7.90 7.50 10.40 9.80 7.80 10.00
K.O 9.00 8.20 5.00 4.60 9.10 4.88
MgO | - - - 0.10 - 0.04
F < 40ppm < 40ppm - - < 40ppm 0.75
LOI 1.20 - 0.30 0.70 - 3.29

* Harben (1995); ** data from this study




By combining microscopy with analytical techniques, the different separation
processes were evaluated, in order to determine the most economical method for
removing iron-containing minerals to produce a nepheline product. The same

separation processes were assessed for the concentration of REE and zircon.

1.2 Different uses of nepheline syenite, feldspar, and REE

1.2.1 Nepheline syenite

Nepheline syenite is a medium to course-grained igneous rock containing alkali
feldspars and nepheline with one or more ferromagnesian minerals (Nockolds et
al.1978).

Nepheline syenite is used as a source for Al,O3, Na,O, and KO for the glass and
ceramics industry. The alumina enhances the workability of molten glass, as well as
protection against chemical corrosion, whilst the hardness and durability of the glass
improves. The alkalis (Na,O and K,O) act as a flux (a material that lowers the
melting temperature of a mixture or single mineral where particle size plays a role),
to lower the temperature and the rate at which the glass will melt, and thus to

conserve energy (Potter 2007).

In ceramics, a low fuse temperature is required and nepheline syenite is used as an
effective agent for the formation of a glassy phase in the ceramic body. The long
firing range of nepheline syenite contributes to the physical strength of the final
ceramic product (Harben 1995). Table 2 is a summary of the uses of nepheline
syenite in different industries (Harben 1995).

The major producers of nepheline syenite products for the glass and ceramics
industry are Canada and Norway (Potter 2007). Minor producers for glass and
ceramics products are: United States of America, Italy, Poland, Germany, United
Kingdom, Netherlands, France, Australia, Singapore, Taiwan, Japan, Sweden,
Greece, Portugal, Ireland, China, and Spain (Harben 1995 and Potter 2007).



Table 2. Summary of the different uses of nepheline syenite (after Harben 1995).

Uses Description
Filler: Anti-blocking agent, adhesives, caulks, sealants.
Coatings: Latex and alkaloid paints, metal primers, wood strainers, sealers,

undercoats, plastic including PVC and epoxy.

Low resin demand: High loading rates in plastics, categorized as "generally
recognized as safe" (GRAS) for indirect food contact, transparent

to microwaves surface.

Paint: Particle size control lead to a satin smooth service, eggshell and

flat interior wall paints, powder coating to levels of 30 %.

Mild abrasive: Scouring powders.

1.2.2 Feldspar

Feldspars are aluminosillicates with varying amounts of K, Na, and Ca in solid
solution series (Deer et al. 1997). The feldspars are: albite (sodium rich), microcline,
orthoclase, sanidine (potassium rich) and anorthite (calcium rich) (Deer et al. 1997
Figure 1). Microcline or oligoclase are usually referred to as potassium feldspar,
potash spar or K-feldspar and must contain at least 10 weight percent (wt %) or
more K,O, while albite or sodium plagioclase (soda spar or Na spar) must contain 7
wt% or more Na,O (Harben 1995). The economically important sources of feldspars
are pegmatites and alaskite (leucocratic granite containing orthoclase, microcline,
and quartz; Boelema 1998).

Table 3 summarises the different uses of feldspar. The major producers of feldspar

in the world are shown in Table 4.

In South Africa, feldspar is mainly mined from pegmatites in the Limpopo Province
and the Northern Cape Province. The feldspar is mined together with other

commodities like mica, quartz, beryl, and tantalite / columbite (Boelema 1998).
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Figure 1. The feldspar groupings: a) disordered feldspars and b) ordered feldspars.

Composition in mol percent. Curve AB, limit of the ternary solid solution (From Deer et al.

1997).

Table 3. Summary of the uses of feldspar (after Harben 1995).

Uses

Description

Glass making source:

Source of Al,O3, Na,O, K,O and SiO,

Glass making products:

Borosilicate glass, soda-lime flat and container

glass, fibreglass, television tube glass

Alumina: Workability of molten glass, increases resistance to
chemical corrosion, improves hardness and
durability

Alkalis: Acts as a flux

Ceramics source;

Acts as a flux to form a glassy phase

Ceramics products:

Virtuous and semi-virtuous china, wall & floor tile,
sanitaryware, electrical porcelain, glazes and

enamels, pottery

Filler products:

Latex, exterior and interior paint, plastics, caulks,

sealants, adhesives, mastics and elastomers

Mild abrasive:

Scouring powders, welding rod coating




1.2.3 Zirconium and Rare Earth Elements

The major source of zirconium is found in the minerals zircon and baddeleyite.

Table 5 provides a summary of the uses of zircon.

Rare earth elements are being used in an increasing range of different applications.
The mining of REE is of strategic importance to the economies of the developing
world, because there is an increase in the demand for REE and REO (Kanazawa
and Kamitani 2006; see Table 6).

Monazite [(Ce, La, Nd, Th) (PO4, SiO4)] and xenotime [Y(PO,4)] are phosphate
minerals occurring in granites, metamorphic rocks, alkaline igneous rocks, and
carbonates. Commonly, these minerals will be associated with placer deposits
(Kanazawa and Kamitani 2006). Table 6 shows different applications for REE
according to Griffiths (1984), Neary and Hihley (1984), and Harben (1995).



Table 4. Feldspar world production from 2004 to 2007 (modified after Potter 2007).

Country® 2004 2005 2006° 2007°
Argentina 125,684 ' 151,307 150,000 170,000
Australia® 50,000 50,000 50,000 50,000
Brazil 121,452 ' 122,887 123,000 125,000
Bulgaria 35,000 ¢ 35,000 35,000 90,000
Burma®* 10,000 10,000 10,000 10,000
Chile 4,838 5,820 6,000 6,000
China® 1,800,000 1,850,000 1,900,000 2,000,000
Colombia® 100,000 100,000 100,000 100,000
Cuba® 10,500 ' 8,000 8,000 6,000
Czech Republic 488,000 ' 472,000 475,000 490,000
Ecuador 53,469 ' 38,250 40,000 68,000
Egypt® 350,000 350,000 350,000 350,000
Ethiopia® 361 445 478 480
Finland 57,149 60,000 60,000 60,000
France® 650,000 650,000 650,000 650,000
Germany 182,842 ' 168,640 167,332 171,303 | °
Greece® 95,000 95,000 95,000 95,000
Guatemala 4,473 3,808 4,000 17,200
India® 150,000 150,000 160,000 160,000
Iran 252,713 250,000 250,000 260,000
Italy® 3,000,000 ' 3,000,000 3,000,000 4,200,000
Japan® 900,000 1,000,000 1,000,000 750,000
Jordan 13,063 ' 14,000 14,000 11,000
Korea, Republic of 541,788 508,644 500,000 398,513 | °
Macedonia® 20,000 20,000 20,000 40,000
Malaysia 79,220 83,580 80,000 150,000
Mexico 364,315 349,109 450,000 460,000
Morocco® 20,000 20,000 20,000 20,000
Nigeria® 1,700 1,700 1,700 1,700
Norway® 75,000 76,000 75,000 75,000
Pakistan 30,373 ' 25,032 24,000 22,000
Peru 6,005 6,000 6,500 6,050
Philippines® 32,110 " 11,850 12,000 12,000
Poland’ 300,000 © 300,000 300,000 350,000
Portugal 98,262 ' 133,344 133,500 129,500 | P°
Romania 60,924 ' 56,817 55,000 35,000
Russia® 45,000 45,000 45,000 45,000
Serbia and Montenegro® ® 4,500 4,000 4,000 3,500
Slovakia® 5,000 5,000 5,000 5,000
South Africa 53,721 ' 57,534 76,000 90,232
Spain, includes pegmatite 552,507 ' 580,000 580,000 600,000
Sri Lanka 33,000 ¢ 34,000 35,000 36,000
Sweden 42,000 43,000 42,000 42,000
Thailand 1,001,053 1,000,000 1,000,000 1,000,000
Turkey 1,983,336 2,200,000 2,300,000 3,800,000
United Kingdom, china stone 2,274 ' 2,500 2,500 2,000
United States 770,000 748,000 763,000 730,000
Uruguay 2,450 ' 2,150 2,200 2,500
Uzbekistan® 4,300 4,300 4,300 4,300
Venezuela 176,000 202,000 200,000 200,000

r 15,100,00
Total 14,800,000 0 15,400,000 18,100,278

The legend is on the next page




Table 4. Continued.

Legend

°Estimated. "Preliminary. 'Revised. -- Zero.

'World totals, U.S. data, and estimated data are rounded to no more than three significant
digits; may not add to totals shown.

*Table includes data available through April 24, 2007.

®In addition to the countries listed, China, Namibia, the United Arab Emirates, and Yemen
may produce feldspar, but output is not officially reported; available general information is
inadequate for the formulation of reliable estimates of output levels.

*Data are for fiscal years beginning April 1 of year stated.

5Reported figure.

®Data are for fiscal years ending July 7 of year stated.

"Of the amounts shown, the dedicated feldspar mine production accounts for only part of
total feldspar production.

®In June 2006, Montenegro and Serbia formally declared independence from each other and
dissolved their union. Mineral production data for 2006, however, still reflect the unified
country.

Table 5. Different properties and uses of Zircon (after Harben 1995).

Uses Description

Usedin: Refractories for ladle linings, continuous steel
casting nozzles, refractory bricks for glass melting
furnaces, ramming mixes, refractory cement &

foundry sand (steel)

Ceramics: Porcelain glazes, sanitaryware, wall tile, china ware,

glazed brick & industrial tiles

Welding: Welding rod coating

In South Africa, REE mineralitations occur in the Phalaborwa Complex, Glenover
Complex, Pilansberg Complex, Kruidfontein Complex, and the Zandkops Drift
Complex (Schirmann and Harmer 1998). These various complexes contain different

guantities of REE and may be potential resources for the future.



Table 6. Summary of the uses of rare earth elements (after Griffiths (1984), Neary and Hihley

(1984), and Harben (1995)).

Compound mixtures

as in natural ores:

High strength micro alloyed steel

Ductile iron and supper alloys

Petroleum cracking catalyst

Starting materials for mischmetal manufacture and rare earth

silicides

Mixed rare earth polishing compounds and carbon arcs used in

fluorescent lights

Compound mixtures

with 90 % of single

Discolouration and polishing agents for glass

REE:

Magnetic and electronic materials

Hosts and activators in phosphors, lasers and lighting

Neutron capture, super conductors, energy storage systems and

fibre optics

Medical:

Cerium oxalate to counter seasickness

Neodymium compounds for the treatment of thrombosis

Permanent magnets:

REE powder is milled and magnetically orientated, pressed at
about 1150°C and produces a magnet 2-5 times stronger than

alnico magnets.

Other uses:

Computer disk drives, television screens, ceramics as sintering

aid, synthetic garnet crystal production




1.3 Geography of Mamelodi Quarries

The privately owned Mamelodi Quarries have been in operation since the late
1980’s. The mine is situated 25 km on the road leading to Cullinan, north east of
Pretoria, South Africa (25°41' 37.87" S; 28°23' 52.30" E) (Figure 2). The focus of
the mine is the production of an aggregate rock and crusher sand for the building
industry. Attempts were made to produce a nepheline syenite product for the local
glass and ceramics industry, but these were unsuccessful due to the high iron level

in the concentrate.

The mining method used at Mamelodi Quarries is open pitting with off wall rock
blasting (Figure 3). The size of the open pit is 330 m by 195 m and is approximately
25 m to 40 m deep. After blasting, the rock is moved by trucks to a primary jaw
crusher. The rock is crushed and distributed by a conveyor belt system to secondary

crushers to obtain different sizes for crusher sand and aggregate.

Mamelodi Quarries

Pretoriagy
@
Johannesburg

Nﬂ%dey .

Ma
Bloemfontein b

East w

600 1200 Kilometers
I ]

Figure 2. The location of Mamelodi Quarries.
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Figure 3. Google earth image of the open cast mine of Mamelodi Quarries (from Terremetrica
2006).
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2 REGIONAL GEOLOGY

2.1 Overview of geology of the Franspoort farm and the

surrounding area

The Franspoort nepheline syenite intrusion is associated with other alkaline
intrusions at Leeuwfontein, Wallmannsthal, and Leeuwkraal to form the Franspoort
line (Shand 1922). The different alkaline intrusions are shown in Figure 4 (Frick &
Malherbe 1986).The nepheline syenites were first discovered by A. L. Hall in 1903,
and where then described in terms of geology and their formation (Shand 1922).
The estimated age of the Franspoort nepheline syenite intrusions are 1 420 Ma
(Snyman 1996).

Figure 5 shows a regional map of the geology found on Franspoort 332 JR farm. In
the south, the Magaliesberg Quartzite (T3mQ) is exposed. Field observations by
Toens (1952) indicates that most of the quartzite has been recrystallised. At the
south border of the farm, a large nepheline syenite body (5sf) intruded and caused a
dislocation of the quartzites (Shand 1922). The quartzite to the west of the body has
a strike of east west; to the east, the strike changes to north east. To the west and
east of the syenite intrusion there are two faults, which according to Shand (1922)
were associated with dislocation of the Pretoria sedimentary beds during the
intrusion. The southern part of the Franspoort farm forms part of the Mamelodi
residential area and it is not possible to see the direct contact between the shale and
the syenite intrusion. The nepheline syenite occurrences on the Franspoort farm
consist of one large intrusive body to the south and two smaller intrusions in the

middle of the farm. Mamelodi quarries are located on a smaller intrusion (Figure 5).
Trachy-andesites share a contact with the large nepheline syenite body to the south

as well as the smaller syenite body of Mamelodi Quarries. According to Toens

(1952), some of the trachy-andesites contain a number of dykes.
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Figure 5. Regional geological map for Franspoort farm (modified after Besaans 1969).

A big part of the open pit is filled with water for most of the year and is mainly a
reservoir of rainwater. During the annual rainy season, the groundwater level rises
and mixes with the surface water in the quarry. The water is used for dust control, as
the mine is located close to Mamelodi residential area. The management of the mine
is planning to turn the quarry into a waste disposal site when the mining operation

ends.
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2.2 Geology of Mamelodi Quarries

Mapping the geology at Mamelodi Quarries is problematic, because the mine is
covered with big boulders, which makes access to the rock face difficult (Figures 6
and 7).

The current mine records do not contain any geological information as records were
only kept of the outline of the mine. The map presented in Figure 8 consequently
only represents what could be observed in the quarry as independently mapped by
the author. The following rock types were observed in the quarry: nepheline syenite,
pegmatite, nepheline syenite containing xenoliths, and lamprophyre dykes. Two
different types of nepheline syenite are distinguished based on a colour difference; a
grey nepheline syenite and a red nepheline syenite.

The contact relationships between the different rock types are unclear, and the map
(Figure 8) presents a possibility of how these contacts may have been before mining
began. The largest part of the deposit consists of a grey nepheline syenite, which is
the major product of the mine (“run of mine” [ROM]). On the north western side of the
quarry, a red nepheline syenite is exposed, but is not currently mined.

Figure 6. A photo of the south eastern rock face at Mamelodi Quarries showing the large
boulders scattered on the side of the mine. Width of view is ~ 200 m.
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Figure 7. A photo of the open pit at Mamelodi Quarries. Width of view is ~ 600 m.

A large number of lamprophyre dykes, striking northeast to southwest, are exposed
throughout the mine. In the southeast part of the mine, a pegmatite nepheline
syenite rock occurs. Most of the outcrop has been destroyed during mining

operations, and only a small area is left exposed.

Exposed on the northeast side of the mine is a small area of grey nepheline syenite
with xenolith inclusions. The xenoliths are finer grained compared to the nepheline
syenite and are dark grey to black in colour (Figure 9). For this study, only the grey
nepheline syenite (referred to as Franspoort nepheline syenite [FNS] here after) was
identified for use in the different separation tests. The petrographic results for the
nepheline syenite rocks are presented in Chapter 6 since the focus of the project is
on examining the different results obtained from the different separation techniques
rather than on the genesis of the deposit.
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Figure 8. Geology as exposed at Mamelodi Quarries on Franspoort Farm (independently

mapped by the author).

16



Figure 9. A photo of the grey nepheline syenite with xenolith inclusions. Hammer for scale.
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3 MINERAL PROPERTIES AND EXPECTED BEHAVIOUR IN
SEPARATION TECHNIQUES

Minerals have different physical and chemical properties that will influence the
behaviour of the mineral in a specific separation process. The properties can be

used to select a separation technique to concentrate or remove a specific mineral.

Magnetic separation was investigated for the removal of the minerals containing iron.
“All materials are affected in some way when placed in a magnetic field, although
with most substances the effect is too slight to be detected” (Wills 2006). Taking this
onto account, minerals can be divided into two groups: diamagnetic minerals (the
minerals, which are repelled away from the magnetic force to an area of low
magnetic intensity, e.g., quartz) and paramagnetic minerals (the minerals, which are
attracted to an area of large magnetic intensity, e.g., magnetite). High intensity
magnetic separators can concentrate the paramagnetic minerals (e.g., rutile,
pyrrhotite, and chromite) (Wills 2006).

Ferromagnetism is a special case of paramagnetism and applies to minerals that can
be concentrated with low intensity magnetic separators (i.e. magnetite, hematite, and
siderite) (Wills 2006). Therefore, minerals that contain iron in different concentrations
with silica might be weakly magnetic. The magnetic properties of the mineral
assemblage for the ROM sample are classified as: Non-magnetic minerals
(diamagnetic minerals, i.e. nepheline), weakly magnetic minerals (silicate minerals
containing iron, e.g. aegirine) and magnetic minerals (ferromagnetic minerals, i.e.
magnetite). Low and high intensity magnetic separation were also investigated and

the methods are described in detail in Chapter 4.

Minerals respond differently under the influence of gravity and separate due to the
difference in specific gravity (density). Particle size has an important influence on
density separation techniques that involves fluids (e.g. water), as larger particles will
be affected much more than smaller particles (Wills 2006). The particles must
therefore be sufficiently coarse to be affected by Newton'’s law, as surface friction

forces will affect smaller particles (Wills 2006).
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Table 7 provides data for the different minerals, their ideal chemical formulae, their

expected magnetic behaviour, and densities.

Table 7. The different minerals in the ROM sample with ideal chemical formulae, expected

magnetic behaviour, and density properties.

Mineral Ideal chemical formula* Expected Density
name magnetic (g/cm®)*
behaviour**

Microcline | KAISizOg Non-magnetic 2.56
Albite NaAlSi3;Og Non-magnetic 2.62
Analcime NaAlSi;Og:(H20) Non-magnetic 2.30
Nepheline | (Na,K)AISIO, Non-magnetic 2.59
Aegirine NaFe>*Si,Og Weakly magnetic | 3.57
Aegirine —

augite (Na,Ca)(Fe*" Fe** Mg)Si,0s | Weakly magnetic | 3.50
Sodalite NagAlgSisO24Cl, Non-magnetic 2.29
Muscovite | KAly(SizAl)O10(OH,F), Non-magnetic 2.82
Fluorite CaF; Non-magnetic 3.13
Chabazite | (Caps,Na,K)4[Al;SisO24]-12H,0 | Non-magnetic 2.09
Enstatite Mg,Si>O¢ Non-magnetic 3.20
Actinolite Cay(Mg,Fe”sSigO2(0OH), Weakly magnetic | 3.04
lImenite Fe” TiO; Magnetic 4.72
Magnetite | Fe”'Fe®*,0, Magnetic 5.15
Pyrite FeS; Magnetic 5.01
Zircon ZrSiOy Non-magnetic 4.56

* Data from Deer et al. 1997, ** Observations from this study
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4 EXPERIMENTAL PROCEDURES FOR MINERAL
SEPARATION

4.1

Introduction

The following separation tests were undertaken:

a kr 0N e

Milling tests at the University of Pretoria and Mamelodi Quarries

Screening

High-intensity wet magnetic separation at Mamelodi Quarries

Low-intensity dry magnetic separation at Outokumpu laboratory in Boksburg
Concentration of heavy minerals by means of heavy liquid gravity separation
at the University of Pretoria

Spiral gravity separation at the University of Pretoria

The aim of the different separation tests is to produce a final concentrate that

contains the lowest possible iron concentration for possible application in the glass

and ceramic industry (nepheline product). The final concentrate for was:

Magnetic separation tests = non-magnetic fraction of the final pass (see
section 4.4 and 4.5 for details on the tests).

Heavy liquid separation = the float fraction containing the low density minerals
(see section 4.6 for details on the tests)

Spiral separation = the light fraction (see section 4.7 for details on the tests)

4.2 Milling

Different milling and crushing tests were performed on the FNS (Franspoort

nepheline Syenite) to determine the effect on the grain size distribution. A

representative blast rock sample was collected from the primary jaw crusher at

Mamelodi Quarries. This sample was crushed with a laboratory crusher at University

of Pretoria, to produce smaller rock fragments. A swing mill with a carbon steel mill

pot was used.

The sample was milled to particle sizes smaller that one millimetre. This material

was used in a screening test to determine the particle size distribution.
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At Mamelodi Quarries, a representative sample (two kilograms) was collected from a
secondary crusher and milled in a ball mill (filled with alubit balls) for 5 hours. The

particle size distribution was determined by a screening test.

4.3 Screening

Screening was used to determine the effect of the different milling tests on the grain
size distributions. The grain size is important for the different separation methods
investigated, because if the grain size is too large, the separation method could be

ineffective. None of this material was used for chemical analyses.
The first tests were carried out at the University of Pretoria using a vibrating screen

(Figure 10). A ro-tap screen shaker was used for the test at Mamelodi Quarries
(Figure 11).

Figure 10. A photo of a vibrating screen shaker (from Wills 2006).

Due to the size of the mill pot at the University of Pretoria, a 1 kg sample of ROM
was divided into + 50 g fractions and these were milled for two minutes in a carbon

steel milling pot. Table 8 represents the different screen sizes used for the test.
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