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ABSTRACT 

The magnetic dense medium cyclone project was undertaken a t  Koingnaas Mine on a 250 

mm diameter cyclone during 1998 and a 510 mm cyclone during 2000. The aim of the 

project was to evaluate the performance of a magnetic DM cyclone in a production 

environment. Previous test work on magnetic DM cyclones were conducted during 1995 

and 1996 on small (100 mm) cyclones in a laboratory environment, with medium feed 

only. 

Solenoid position, magnetic field strength and medium inlet density were varied, while 

operational parameters such as medium grade, cyclone configuration and inlet pressure 

were kept constant. Two feed conditions were simulated, namely with medium feed only 

and with ore feed. 

The magnetic field had a similar affect on medium passing through a large and a small DM 

cyclone. The effect of the magnetic field on the medium of a DM cyclone fed with a 

medium-ore mixture was found similar to one fed with medium only. 

The magnetic field stabilised the medium for a l l  tests conducted, reducing medium 

segregation. This was observed by a reduction in the underflow medium density. The 

reduction in underflow density was approximately linearly related to the magnetic field 

strength, up to a point, after which magnetic flocculation and a disruption in the flow 

pattern inside the cyclone occurred. I t  was discovered that the underflow density primarily 

determines the cut point. Thus the application of the magnetic field allows direct control 

over the cut point as well as improved separation efficiency due to increased medium 

stability. 

The direct stabilisation of the medium and manipulation of the underflow density with the 

magnetic field brings metallurgists one step closer to on-line control of a l l  relevant DM 

cyclone parameters. 



O P S O M M I N G  

D i e  magnetiese digtemedium-sikloonprojek is gedurende 1998 uitgevoer by Koingaas M y n  

o p  ' n  250 m m  diameter sikloon en  gedurende 2000 o p  ' n  510 m m  sikloon. D i e  doe1 van 

di.e projek was o m  d ie  e f fek t iw i te i t  van 'n  magnetiese sikloon o p  ' n  produksie-omgewing 

t e  evalueer. Vor ige toetse is gedurende 1995 e n  1996 o p  magnetiese siklone m e t  slegs 

med ium o p  'n k le in  skaal i n  ' n  laboratorium uitgevoer. 

D i e  posisie van d ie  magneet. d ie  magnetiese veldsterkte e n  d ie  mediumdigthe id  is 

verander, terwy l  operasionele parameters soos d ie  graad van d ie  medium,  d ie  

s ik loongeometr ie en  d ie  voerdrukval konstant gehou is. Twee voertoestande is getoets. 

naamlik slegs med ium e n  med ium saam m e t  gruis. 

D i e  e f fek t iw i te i t  van d ie  magnetiese sikloon i n  ' n  produksie-omgewing het  ooreengestem 

m e t  d ie  van d ie  sikloon i n  d ie  laboratorium. D i e  ef fekt iwi te i t  van die sikloon m e t  gruis 

was ook soortgelyk as d ie  me t  slegs med ium.  

D i e  magnetiese ve ld  he t  d ie  m e d i u m  i n  alle gevalle gestabiliseer . D i e  mate van 

medium-segregasie i n  d ie  sikloon is beperk deur d ie  toepassing van die magnetiese veld.  

Laasgenoemde is waargeneem deur ' n  verminder ing van d ie  ondervloeidigtheid. H ierd ie  

verminder ing was l i ne@r  afhanklik van d ie  sterkte van die magnetiese veld. Aangesien d ie  

ondervloeidigtheid groot l iks d ie  snypunt bepaal. gee die toepassing van die magneetveld 

beheer oor  d ie  snypunt asook 'n verbeter ing i n  e f fek t iw i te i t  as gevolg van verhoogde 

mediumstabi l i te i t .  

D i e  direkte stabilisasie van d ie  m e d i u m  e n  d ie  manipulasie van d ie  snypunt br ing 

metal lurge ' n  t ree nader aan vo lkome beheer oor alle relevante d ig temedium- 

s i  kloonparameters. 



PREFACE 

The effect of medium stability on dense medium cyclone separation has been investigated 

since the 1960's. It is well known that a stable dense medium with low viscosity is crucial 

for optimum DM cyclone efficiency. Numerous integrated factors affect medium stability 

and although the theoretical principles are well understood. the technology to stabilise the 

medium directly without altering DMS operating parameters or increasing medium 

viscosity has not been available until now. 

A variable magnetic field applied to the Ferrosilicon medium passing through a DM 

cyclone increases the medium stability. For the first time the medium underflow density 

and consequently the cut point of the cyclone could be manipulated directly. bringing 

metal(urgists one step closer to on-line control of all  relevant DM cyclone parameters. 
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CHAPTER 1 - INTRODUCTION 

The first magnetic cyclones were developed in the late sixties and were appIied to the 

beneficiarion of magnetic ores and the recovery of magnetisable heavy medium. These 

magnetic cyclones consisted of a conventional hydrocyclone with a horizontally 

orientated magnet placed around the cyclone periphery. The magnetic field would cause 

magnetisable particles to move in a horizontal plane towards the cyclone periphery. The 

additional external magnetic field created in this way was used to supplement the 

gravitational and centrifugal forces that cause classification and separation. (Svoboda et a/ 

,1997: 1) . 

Dr. Svoboda from the De Beers Diamond Research Laboratory initiated the concept of 

using a verrically orientated external magnetic field to influence the medium 

distribution within a dense medium cyclone. The magnetic field. created by winding a 

simple solenoid around the cyclone axis. would in theory act on the magnetisable 

Ferrosilicon particles, directing them towards the central plane of the solenoid. This IS 

illustrated in Figure 1. 

- Magnet~c f~e ld  lines 

Solenoid 

Magnet~c force acting on Ferrosilicon particles 

Figure 1: Schemaric of magnetic forces created by the solenoid. 

In 1995 the Chemical and Minerals Engineering Department of Potchefstroom University 

were contracted by the De Beers Diamond Research Laboratory to conduct the first tests 

on a magnetic dense medium cyclone. A pilot DMS plant with a pump fed cyclone was 

developed and constructed by the university to facilitate the test work. The magnetic 

test cyclone consisted of a standard 20 ". 100 mm diameter Perspex DM cyclone with a 

solenoid. capable of supplying a magnetic field of approximately 530 Gauss. wound 

around its axis(Campbell & Brits, 1995:3). 
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Tests were conducted with medium feed only. Variables were magnetic field strength 

and solenoid position. Parameters recorded were density differential, cut point, Ep and 

volumetric fl'ow split. It was discovered that the vertically orientated magnetic field 

succeeded in influencing the medium distribution in the cyclone and consequently 

affected the separation characteristics. The density differential was reduced by increasing 

the magnetic field strength up to a point, after which magnetic flocculation of the 

medium occurred disrupting the flow pattern inside the cyclone. Magnetic flocculation 

is based upon the theory that magnetised particles, when free to move, will be drawn 

together with unlike poles in contact to reduce the external field to a minimum 

(Handbook of Mineral Dressing - Taggart 1927:13-37). Magnetic flocculation leaded to a 

surging at the cyclone spigot as well as  a fluctuation in cyclone inlet pressure. Another 

effect noted was that the offset between the medium inlet density and the cut point 

density decreased with increasing magnetic field strength. A decrease in underflow 

medium fIow rate in reIation to  overflow medium flow rate was observed. There was an 

indication that the application of the magnetic field improved the sharpness of the 

separation with the optimum point of operation a t  a magnetic field strength of 

approximately 55 Gauss. 

In 1996 more extensive research was conducted at the De Beers Diamond Research 

Laboratory on the magnetic DM cyclone. The 500 kg/h Mark Il l  bulk sampling plant at 

the DRL was utilised for the tests. Tests were done with medium only. The magnetic 

cyclone consisted of a standard 20 degree. 100 mm diameter, stainless steel, gravity 

fed. DM cyclone with a solenoid wound around its axis. The solenoid produced a weak 

(0-250 Gauss) vertically orientated magnetic field (Campbell & Coetzee, 1997:7). 

The variables were: 

Solenoid position (top: 15 mm below vortex finder entrance, middle: 135 mm 

below vortex finder entrance and bottom: 335 mm below vortex finder entrance) 

(Campbell & Coetzee, 1997:8) 

Magnetic field strength (0 - 120 Gauss) 

Ferrosilicon type (270 D and Cyclone 60) and 

Medium inlet density (2.35 kgll. 2.45 kgl l  and 2.65 kgll).  

Parameters recorded were the density differential between the overflow and underflow 

medium. Ep value, volumetric flow split and cut point density. 



-The following results were obtained: 

The density differential could be manipulated by varying the solenoid strength and 

position. As the magnetic field strength was increased the density differential 

decreased to a minimum value after which magnetic flocculation of the medium and 

a disruption in the flow pattern inside the cyclone occurred. Beyond approximately 

80 Gauss, magnetic flocculation of the medium occurred disrupting the flow pattern 

inside the cyclone. (Campbell & Coetzee. 1997:17). 

This was noted for a l l  three solenoid positions, both Ferrosilicon types and for a l l  

medium inlet densities. The reduction in density differential was the greatest for the 

magnet in the top position. 

For 270 D Ferrosilicon the minimum Ep value coincided with density differentials of 

0.2-0.3. which i s  in agreement with plant experience (Svoboda et a/. 1997:5). The 

optimum point of operation was found a t  magnetic field strengths of approximately 

40 Gauss. 

The cut point density consistently decreased with increasing magnetic field strength. 

It was believed that this was due to the decrease in underflow density. 

A decrease in the volumetric flow split was observed. Volumetric flow split was 

defined as the ratio between the underflow medium density and the overflow 

medium density. Thus the increased flow split indicated a decrease in underflow 

medium flow rate in relation to overflow medium flow rate. 

From the 1995 and 1996 results it was clear that the application of a variable, vertically 

orientated magnetic field could potentially improve the separation efficiency of a DM 

cyclone, and thus reduce DMS yield. (Svoboda et a/. 1997:l). 

The question arose whether a magnetic field would still influence the medium 

characteristics effectively on a larger scale in a production environment with ore feed. 

During 1998 and 2000 this project was undertaken at Namaqualand Mines - Koingnaas 

Mine. 



CHAPTER 2 - LITERATURE STUDY 

In the literature study, fundamental DM5 principles are briefly discussed before 

focussing on medium rheology and the effect i t  has on the separation characteristics of a 
rn 

dense medium cyclone. 

The literature study consists of four sub-sections: 

Physical forces acting in a dense medium cyclone 

Rheological behaviour of the dense medium in a cyclone 

Effect of medium rheology on dense medium separation 

History of dense medium separation related to density differential 

Definition of terms: 

Density differential: Difference between the underflow medium density (kgll) and the 

overflow medium density (kgll). 

Cut point: 

Offset 

The separation density (kgll) where 50 % of the cyclone feed 

material reports to concentrate and 50% to tailings. 

The difference between the medium inlet density (kgll) and the 

cut point (kg/[) 
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2.1  PHYSICAL FORCES ACTING I N  A DENSE MEDIUM CYCLONE 

In a DM cyclone an external force field is applied to liberated mineral particles 

distr~buted in a dense medium. The ore and medium are flung tangentially into the 

cyclone adopting a fast rotational motion, which forms a vortical flow. Separation 

\ rn takes place by differential movement of the particles under action of the force 

field. In the centre of the cyclone an upward spiralling air core (vortex) is formed. 

running from the spigot to the vortex finder. Some of the feed thus spirals 

upwards along the air core and exits through the vortex finder, while some of the 

feed remains in the downward spiral and exits at the spigot. Whether the material 

reports to the outer downward spiral or inner upward spiral depends on the 

distance of the particle from the cyclone periphery (Wapier-Munn e t a / .  1981:l) 

This in turn is determined by the forces acting on the particle, which are: 

a)  The centrifugal force, flinging particles towards the cyclone periphery. 

b) The gravitational force of the earth. 

c) The drag force resisting movement of particles through the medium. 

d) The buoyancy force 

e) The flow towards the inner vortex. 

The magnitude of these forces i s  in turn determined by: 

a) The sizes, shapes and densities of particles moving through the medium. 

b) Medium rheology (viscosity, stability, density etc.). 

c) Cyclone geometry. 

Generally particles with a density higher than the medium density move toward 

the outer periphery of the cyclone, assisted by a stronger centrifugal force acting 

upon them due to their higher density. The dense particles are then caught up in 

the downward spiral toward the spigot. The centrifugal acceleration is the 

strongest near the cyclone centre, and the weakest near the cyclone periphery. 

Particles with density lower than that of the medium will have difficulty moving 

through the medium due to decreased magnitude of the centrifugal forces in 

relation to the medium drag forces. The less dense particles are thus pushed 

towards the cyclone centre and report to the upward spiralling vortex. 
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2 .2  RHEOLOGICAL BEHAVIOUR OF THE DENSE MEDIUM IN A CYCLONE 

Different' grades of milled and atomised Ferrosilicon are available. The most 

common grades used on diamond plants today are 65D. lOOD and 270D milled 

Ferrosilicon. The size distribution and particle shapes of the different grades, and 

- thus their rheological properties, differ from each other. The rheology of a dense 

medium has a significant effect on the separation characteristics of the DM cyclone 

(Collins e t  a/. 1974: 103). When designing or optimising a dense medium plant it i s  

essential t o  select the correct grade of ferrosilicon for the application. 

The selection of the correct grade i s  based on a consideration of the following in 

relation to  the medium rheology (Holmes.. 2000: 8 - 17): 

-The cut point of the separation and thus medium operating density required 

The separator - a dynamic separator generally requires a finer grade than a static 

separator. 

The size and properties of the ore t o  be treated 

The sharpness of the separation required 

Cost - coarser grades are generally cheaper than finer grades. 

Circuit design - pump fed systems operating a t  high pressures increases the rate 

of medium degradation leading to  a preference for coarser medium grades. 

Medium rheology i s  measured in  terms of medium stability and medium viscosity 

(Hunt, Hyland & Napier-Munn, 1981:13). 

The rheology of a dense medium i s  determined by the following factors: 

The size distribution of the medium solids 

The shape of the medium solids 

The density of the medium solids 

Solids concentration 

External factors in a DMS plant also affect medium rheology. such as: 

Contamination of the medium with fine clay particles, oil, etc. 

Magnetisation of the medium by the magnetic separators. 

The velocity a t  which the medium enters the cyclone (inlet pressure). 

The cyclone geometry, which affects the medium flow split. 



2.2.1 Medium Viscosity 

Viscosity is a measure of resistance to flow, (Holmes. 2000:8-7). 

Contamination of the medium with fine ore particles, a high medium density, 

irregular shaped medium particles, residual magnetism or fine medium particles 
' .  

increase medium viscosity. For each grade of Ferrosilicon a critical medium 

density is reached beyond which the medium viscosity increases sharply, as  

illustrated in Figure 2. (Cocker e t  a/. 1998:33 & 78). For 270D Ferrosilicon the 

critical density is approximately 3 kgll. It is not advisable to use the medium in 

the region close to the critical density since small increases in medium density 

or the presence of contaminants can lead to a large increase in viscosity with 

deleterious effects on separation efficiency. 

A high medium viscosity can lead to poor separation, inversion and medium 

loss. (Chaston et a l .  1974:121). A high viscosity i s  also associated with [ow 

offset and density differential values. Atomised Ferrosilicon has a lower viscosity 

than milled Ferrosilicon, thus a DM5 using atomised Ferrosilicon can operate at 

a higher inlet density - typically greater than 3 kgll. Milled Ferrosilicon is 

cheaper than atomised Ferrosilicon and is thus widely used on production plants 

while atomised Ferrosilicon is used where medium corrosion is problematic or 

where high-density separations are required, (Napier- Munn et al .  1974). 

Apparent Viosity Range at 1 5 M  Shear Rate 

0 0 
2600 2800 3000 3200 3400 3600 2600 2700 2800 ' 2 9 0 0  3000 3100 320 

Slurrv denqity [kp/ rn3) Density (kglrn3) 

Figure 2: Medium viscosity, density and contamination. 



Figure 3: Effect of de-magnetisation on viscosity according to Napier-Munn and 

Scott (quoted by Cocker et al.  1998:97). 

2 .2 .2  Medium Stability 

Medium stability i s  an indication of how well the suspension simulates a 

homogeneous liquid. Solid particles in a stable medium segregate less when 

subjected to the forces in a cyclone than solid particles of an unstable medium. 

Medium stability and viscosity are positively correlated. Stability i s  affected by the 

same variables which determines viscosity. A stable medium would typically have 

a high viscosity. fine particle size and high density, (Holmes, 2000:8-11). 
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Like viscosity, stability is also affected by a combination of external factors: 

a)  Medium particle size and shape - the coarser the solid particles the lower the 
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and magnetisation (when operating without demagnetisation coils). 

b) Inlet pressure - high pressures decrease medium stability and increase density 

differential. The pressure depends on dense medium sump and mixing box 

level, cyclone feed and dense media pump performance and cyclone geometry. 

c) Cyclone geometry - high feed pressures coupled with a reduced spigot 

aperture significantly decreases medium stability. 



Figure 4: Medium stability plotted against density and grade. (Cocker et al .  1998:66) 

2.3 HISTORY OF DMS RELATED TO DENSITY DIFFERENTIAL 

Since the 1950's De Beers have been studying the subject of dense medium 

separation tirelessly. IYost group expertise is based on empirical observations. There 

are many general guidelines on what the cyclone geometry should be, what medium 

grade to use, what the ideal operating pressure should be, how to determine the 

ideal inlet density, what the ore to medium ratio should be, etc. 

One of these empirical truths i s  that the ideal dense medium i s  one with maximum 

stability and minimum viscosity, closely simulating a homogeneous liquid, resulting in 

a operation with low density differentials and low offset values. A general De Beers 

guideline is that the differential should be between 0.2 and 0.5 for optimum 

sharpness of separation (Campbell & Coetzee, 1997:6). 

1950 Early DM cyclones operated with high offset values - typically above 0.4. 

Even today this i s  not rare. At Namaqualand Mines offset values of 0.4 to 1.1 

are the norm. The large offset i s  in part a result of using a small spigot 

diameter (0.2 D) which increases cut point and reduces yield coupled with 

coarse (65 D) medium grades which reduce medium viscosity and cost. 



By reducing the spigot diameter the yield is reduced in two ways: 

'e  Small spigots are incapable of passing large amounts of material. 

Medium segregation is increased, leading to higher underflow 

densities, density differentials and offsets. 

Physical diversion of material from the spigot leads to poor separation and 

can be seen as a long tail on the upper area of the partition curve. During 

the 50's however a large density differential and offset was seen as ideal 

because a lower inlet density was needed to achieve the required cut 

point, which: 

Reduced Ferrosilicon consumption. 

Made the medium easier to handle. 

Reduced medium viscosity. 

Large density differentials and offsets were often accompanied by large 

inlet pressures, which in turn was associated with high tonnage 

throughput. Separation efficiency was negatively influenced by this practice 

but was afforded less significance because it was more difficult to quantify 

than tonnage throughput and Ferrosilicon consumption. 

Increased understanding of DMS operation brought the realisation that high 

density differentials and offsets are synonymous with poor separation. 

The tests necessary to statistically prove this were not conducted due to  

the tedious and expensive nature. The disadvantages of operating in this 

manner were therefore not widely appreciated until much later. 

In the early 1950's it was first recorded by Morimoto and Stas (quoted by 

Cocker et al .  1998:128) that the separation efficiency decreased as either 

the density differential and offset increased or as  material was physically 

diverted from an overloaded spigot. After these publications changes in  

cyclone operation were more evolutionary than spectacular. 



1960's In a publication of Cohen and lsherwood (quoted by Cocker et a/. 1998: 

130) it was stated that more efficient separation and improved recovery of 

the fine valuable component was achieved by reducing the density 

differential. Using finer than normal medium solids effected this. 

Davies et a l .  (quoted by Cocker et a/. 1998: 130) recorded that there was a 

relationship between offset and separation efficiency. A figure was 

published showing the variation in Ep with density differential. This 

relationship was not obsolete but was influenced by factors such as 

medium viscosity. During the discussion of the paper by Carta (quoted by 

Cocker et d l .  1998: 131), he reported that in the concentration of iron ore, 

the separation efficiency was also improved when operating a t  low density 

differentials and offsets. 

1970's Collins (quoted by Cocker et a/. 1998:131) found that an unstable medium 

causes poor separation efficiency and an increase in the offset. Driessen 

(quoted by Cocker et al. 1998:129) found that excessive density 

differentials had an adverse effect on separation efficiency. 

1980's In a work of Baston and jennekens, 1980, (quoted by Cocker et  al. 

1998:129) it was also found that high density differentials cause poor 

separation. Ferrara and Guarascio, 1980. (quoted by Cocker et al. 1998:129) 

noted that high offsets should be avoided unless a high separation density 

is required, since with smaller offsets a sharper separation can be 

expected. In 1982 Sehgal (quoted by Cocker'et a/. 1998:130) improved the 

washing efficiency of fine coal by making the vortex finder and spigot 

diameters approximately the same size, while increasing the medium feed 

density, thereby reducing the density differential. 

In theory, modern practice i s  to minimise the density differential and the offset 

to achieve sharper separation and increased recovery of the finer valuable 

component. Most De Beers diamond production plants still do not follow 

modern practice though and still operate in a 1950's style. 



The reason for this is that it is practically difficult to operate a diamond 

extraction DMS with low density differentials and offsets. To achieve a small 

density differential with current technology, compromises have to be made. 

These include lowering tonnage throughput (due to reduced inlet pressures). 

'. " increasing ferrosilicon consumption and cost (due to finer medium grades and 

higher medium feed densities) and changing plant design to facilitate better 

DMS feed preparation (to minimise viscosity problems arising from finer 

medium grades) and reduced cyclone feed pressure. This is often not 

acceptable in a competitive production environment where more emphasis i s  

placed on throughput and cost effectiveness than on DMS efficiency. 

The industry is clearly in need of a simple and effective way to increase medium 

stability, improve separation efficiency and increase fine diamond recovery 

without compromising other important effectiveness areas. 

2.4 EFFECT OF MEDIUM RHEOLOGY ON DENSE MEDIUM SEPARATION 

The ideal medium would be one of high stability and low viscosity with constant 

rheological properties. A suspension which behaves like a homogeneous fluid 

(Holmes. 2000:8-10). The Ferrosilicon medium used on diamond plants i s  thus 

not ideal. The viscosity and stability of Ferrosilicon are directly related to one 

another which makes it impossible to increase stability (which improves separation 

efficiency) without increasing viscosity (which causes a deterioration in separation 

efficiency). The less stable a medium. the higher the density differential which 

leads to multiple separation zones in the cyclone, large percentages of misplaced 

light material in the concentrate and large offsets. As mentioned before, medium 

rheoIogy in a DMS plant is determined by various and changes continuously. This 

in turn changes the cyclone efficiency. Currently no simple, direct way exists to 

directly stabilise and manipulate the rheological properties of the medium passing 

through a cyclone. 
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2.4.1 Middling Material in DMS Concentrate 

No detailed work has been done to determine the exact amount of quartz 

(density 2.65 kgll) in the DMS concentrate of alluvial diamond mines. An 

educated guess i s  that ~t can be 30 to 50 % at Namaqualand Mines. 

Figure 5: Photograph of poor quality concentrate from Namaqualand Mines 

When conducting tracer tests on a DM cyclone with medium alone. none of 

the 2.65 kgll density tracers report to concentrate. Still a significant portion of 

the concentrate consists of quartz. This irregularity can be explained by the 

middling theory. As the medium passes through the cyclone. the solid 

Ferrosilicon particles are separated from the water via centrifugal, gravitational 

and drag forces. The medium density increases towards the spigot and cyclone 

periphery to form a density gradient across the radius and down the cyclone 

axis. The medium does not act as a homogeneous liquid any longer. Density 

differentials vary from plant to plant and are affected by numerous variables 

(mentioned under Section 2.2). The medium overflow density is  generally 

close to the medium inlet density while the underflow density can be 0.1 - 

1.2 kg11 more dense than the overflow density. This effect leads to multiple 

separation zones within rhe cyclone. 

Middlings are defined as particles with a density of 0.1 kgll more or less than 

that of the medium inlet density (Cocker et a l .  1998:141). 



Another definition of middlings i s  particles of density between the medium 

overflow and underfiow densities. At Narnaqualand Mines DMS plants the 

inlet density is generatiy 2.5 to 2.6 kgll. with an overflow density of 2.4 to 

2.5 kg l l  and an underflow density of 2.9 to 3.5 kgl l .  Thus quartz of density 

2.65 kg l l  can be classified as  middlings. 

Several investigators traced the motion of middlings in a cyclone with 

radioactive particles. While dense particles exit at the spigot and light 

particles move directly towards the spiraiting air core at the cyclone centre. 

middlings follow a more convoluted route as itlustrated in Figure 6. 

Middlings can travel well into the conical area of the cyclone before 

moving towards the upward spiralling air core. As the upward spiralling 

middlings move away from the dense spigot region and into the less dense 

medium area they become denser than the surrounding medium and move 

out of the upward flow toward the cyclone periphery once more. The 

middlings spiral downward roward the spigot region where the medium 

density and centrifugal forces increase. The middlings are forced out of the 

downward spiral and rowards the ascending inner spiral again. This circular 

path can be continued for up to  15 minutes until the middlings finally exit 

through either the spigot or vortex finder, (Cocker e t a / .  1998:141). 

This is seen as  an advantage in dense medium cyclone separation where 

middling particles are given repeated opportunities to report to the correct 

product stream. This phenomenon can also be detrirnentai to separation 

efficiency. Above scenario was a description of what happens in a batch fed 

cyclone, but when feeding continuously, particle crowding comer into play 

and recycling middling material are forced out through the nearest exit by 

new middling material entering with the feed material. When the amount 

of middlings in cyclone feed material exceeds 10 %. and the top size 

exceeds 15 mm, recycling middling material can also lead to surging inside 

the cyclone. Surging disrupts the flow pattern and resuIts in high yields and 

diamond loss. 



When the top size i s  less than IS  mm. surging is unlikely. but excessive 

entrapment of middlings in the concentrate will occur when the density 

differential exceeds 0.4 (Cocker er a/. 1998:141-142). 

periphery aided by i t s  relative high 
density compared to the medium 
density of the inner bands and 
centrifugal forces. 

Particle gets caught in downward 

At spigot area densiry increases to 
typically 3.3 kg11 - particle will not 
exit unless forced due to crowding. 

Particle gets caught up in upward 
spiral & chance i s  good to exit via 
vortex finder. 

Figure 6: Movement of middlings within a dense medium cyclone 

The OMS feed a t  an alluvial diamond mine. such as Namaqualand Mines. 

consists of approximately 90 % middling quartz. The fact that Namaqualand 

Mines DMS cyclones are generally operated at densiry differentials 

exceeding 0.4 aggravates the problem of middling material reporting to 

concentrate. This is the explanation for the high percentage of quartz in 

DMS concentrate. 

To overcome the problem and remove quartz from the concentrate DM 

cyclones would have to be operated in such a way that quartz can no longer 

be classified as middlings. In order to achieve this. the medium inlet 

density would have to be raised to at least 2.8 kgl l  and the density 

differential would have to be mainta~ned below 0.4. With an overflow 

density of 2.7 kgll or above. 



This practice has not been implemented in the past due to the fotlowing 

constraints: 

Due to medium instability the DM cyclones operate at high underflow 

densities and consequently high offsets between the inlet and cut point 

densities. To maintain a safe cut poinr. ensuring hundred percent 

recovery of small diamonds to Concentrate it is generally not possible to 

operate at medium inlet densities exceeding 2.6 kgll. 

As mentioned under Section 2.2. medium stability is dependent upon 

many operational factors and can not be manipulated directly. 

The higher inlet density implicates increased Ferrosilicon consumption. 

High inlet densities are associated with high medium viscosity. When 

operating a t  a medium inlet density of above 2.7 kgil  medium 

contamination via c(ay partictes can result in a more pronounced 

increase in viscosity. 

The magnetic cyclone may find useful application in optimising the 

separation efficiency of DM cyclones at DMS plants with significant 

fluctuations in medium srability and misplaced middling material in DMS 

concentrate. I f  implemented correcrly. the magnetic field may directly 

stabilise the medium passing through the cyclone. reduce the density 

differentia[ and consequently reduce the offset between the medium inlet 

density and rhe cur point density. By reducing the offset the cyclone codd 

be operated a t  higher medium inlet densities and smaller density 

differentials without fear of diamond loss. The magnet may also be used to 

set and maintain the underflow densiry at chosen values. 

Thus by correctly operating a magnetic cyclone a large proportion of 

middling material could be eliminated from DMS concentrate. 



2 .4 .2  Koingnaas Main Plant DMS Case Study - Effect of  Medium Stability on Cut 

Point 

The cut point of a DM cyclone 1s not primarily determined by the medium 

inlet density. The cut poinr typically changes a third of the magnitude of 

the change in inlet density (Napier-Munn et a!. 1981:18). The medium 

stability affects the cur poinr significantly. The underflow density. is an 

indication of medium stability. Medium stability is affected by many factors 

as discussed under Section 2.2 and can vary significantly in a short period of 

time. The variable medium stability thus suppresses t h e  relationship 

between medium inlet density and cut point. Sudden changes in cut point. 

even though no operating parameters were changed, are a common 

occurrence at Namaqualand Mines DMS plants. especially a t  the smaller 

prospect plants, which are more sensitive to fluctuations in medium 

stability. 

This phenomenon is generally poorly understood - even amongst 

experienced DMS operators. Medium inIet density is measured and 

controlled diligently at a l l  DMS plants but most do not attempt to measure 

or control medium stability or underflow density. This approach is partly 

due to a lack of theoretical understanding of DMS principles but mostly due 

to not having a simple tool with which to manipulate the medium srabiljty 

or underflow density. 

The impact of fluctuating medium stability dn DM cyclone performance is 

well illustrated in data from Koingnaas Main Plant. The DMS section of the 

plant i s  equipped with a single. 500 mm. 20 ". Linatex cyclone. The 

cyclone is pump fed and operates at high inlet pressures of up to 260 kPa 

which relates to a head of approximately 2OD. The dense medium used is 

65D Ferrosilicon at inlet densities of 2.5 to 2.6 kgll. The pressure is 

dependant on the performance and wear of both the dense medium and 

cyclone feed pumps. the dense medium sump level and the mixing box 

level. This causes the inlet pressure to fluctuate constantly. 



Cyclone inlet pressures. medium inlet densities and medium underflow 

densities are recorded and archived hourly in a metallurgical accounting 

database together with other statistics such as DMS tons created. concentrate 

yield and carats recovered for each shift. 

Relevant DMS production data from April 1999 to May 2000 were extracted 

from this data base and graphically represented in Figures 7. 8 and 9 to 

illustrate the effect of medium stability on DM cyclone performance. 

Figure 7 illustrates the relationship between underflow density and inlet 

pressure. In Figure 7 the average monthly underflow density and cyclone inlet 

pressure are plotted against the relevant production month from April I999 to 

April 2000. Each average value was calculated from 336 underflow density. 

inlet density and pressure readings recorded hourly during each of twenty one. 

slxteen hour shifts. Two month moving average trend lines were constructed 

for both the inlet pressure and the underflow density 

Figure 7: Relationship between cyclone inlet pressure and underflow density. 
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In Figure 8 cyclone inlet pressure is  plotted against density differential. The 

graph was constructed from a total of 310 pressure and differential data values 

recorded during May 2000. In this case the differential was the difference 

between the medium inlet density and medium underflow density since 

overflow medium densities are not sampled at the plant. 
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Figure 8: Relationship between pressure and density differential 

Figure 8 illusrrates that cyclone inlet pressure i s  the major variable affecting 

medium stability and consequently medium underflow density and density 

differential at Koingnaas Main Plant (where the medium i s  coarse and 

pressures are high). 

In Figure 9 the concentrate grade (carats per ton of concentrate) and density 

differential are plotted against the relevant production shift from March 2000 

to May 2000. This time frame was chosen because the plant treated ore from 

similar mining areas with similar grades during this period. A seven shift 

moving average trend line was constructed for both the density differential and 

the concentrate grade data. This was done to minimise the impact of 

concentrate bins not being emptied completely after each shift. etc. 
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Figure 9: Relationship between concentrate grade and density differential. 

Figures 7 and 8 illustrated the fluctuation in medium stability with changing 

DMS operating parameters. Figure 9 illustrates how this fluctuating medium 

srability impacts on DM cyclone efficiency. High ~nler  pressures and coarse 

medium grades are associated with medium instability. increased medium 

segregation inside the cyclone. high underflow densities and high cut points. 

The changing medium stability changes the magnitude of the underflow 

density. which in turn changes the cut point of the cyclone. Thus when the 

cyclone inlet pressure drops the cyclone separates at a lower cut point and the 

yield increases. This i s  the reason for the relatively lower concentrate grades 

associated with low density differentials. 
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CHAPTER 3 - EQUIPMENT SPECIFICATION AND 

EXPERIMENTAL PROCEDURE 

3.1 EQUIPMENT SPECIFICATION 

3.1.1 Koingnaas Prospect Plant 

The 1998 tests were conducted on Koingnaas Prospect Plant. The DMS 

capacity i s  15 tons per hour. The 250 mm. 20 " DM cyclone i s  pump fed 

with 2700 Ferrosilicon as medium. The DMS i s  equipped with automatic 

density control. 
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Fiaure 10: Koinanaas Prospect Plant Flow Sheet 
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3.1.2 Koingnaas Main Production Plant OMS 

The 2000 test program was conducted on Koingnaas Main Production Plant. 

The DMS capacity i s  80 cons per hour. The single 510 mm. 20 * DM 

cyclone i s  pump fed with 6 5 0  Ferrosilicon as medium. The DMS is 

equipped with automatic density control. 

- - 510 MM CYCLONE 

FLOAT  SCREEN SINK SCREEN I 

DENSIFIER 

CONCENTRATE 

TO RECOVERY1 

RECON 
' I 

DMS STOCKPILE 

MAGNETIC 

SEPARATORS 

MIXING BOX . c -: 

CYCLONE 

FEED PUMP MEDIA DENSlFlER 

PUMPS PUMPS 

Figure 11: Koingnaas Main Plant DMS Flow Sheet 



3.1.2  The Magnetic Cyclone 

A magnetic DM cyclone can be manufactured from any non-magnetic or low- 

magnetic material such as stainless steel. perspex, ceramics. tungsten carbide. 

etc.. as long as it has adequate strength and abras~on properties. 

The cyclone chosen for the 1998 test programme at Koingnaas Prospect Plant was 

a 250 mm diameter. 20 degree polyurethane cyclone with stainless steel flanges. 

manufactured by Multotec Process Equipment. The polyurethane cyclone was 

chosen because it was readily available on the market, relatively inexpensive. and 

its dimensions conformed to De Beers cyclone specifications (Rodel & Hyland. 

1997:25). 

Fiqure 12: 250 mm Polyurethane Cyclone 



The cyclone used in the 2000 test programme a t  the Main Production Plant was a 

510 mm diameter. 20 degree cast Iron cyclone with a sta~nless steel cone l~ned 

with 25 mm thick alumina tiles. The cyclone was also manufactured by Multotec 

Process Equipment. It was the f~rs tlme that a cerarnlc tiled cone was tested in a 

DMS application in the diamond industry. A cone lined wirh ceramic tiles were 

chosen because it was the only affordable non-magnetic option available on rhe 

marker a t  the time which would be able to last for rhe duration of rhe test 

programme without significant wear and withstand pressures in excess of three 

Bar. 

Figure 13: Tiled cone of 510 mm cyclone. 

Schematic draw~ngs of the cyclones can be found In Appendix I .  The dimensions 

of rhe cyclones and feed conditions to the cyclone are discussed in Appendix I I .  



3.2 EXPERIMENTAL  PROCEDURE 

3 .2 .1  1 9 9 8  T e s t  Programme a t  K o i n g n a a s  Prospect Plant 

The new cyclone was installed and commissioned by adjusting cyclone 

feed parameters unt~l  the ideal cut point of 3.15 kgl l  was achieved a t  a 

medium feed density of 2.65 kgll. For the duration of the test programme 

the medium inlet density was maintained a t  2.63 - 2.65 kgll and the 

cyclone pressure a t  13 D. Tests were conducred with ~ h e  solenoid in the 

top and middle posirions. In the top posirion the solenoid was installed 

below the inlet to the vortex finder. In the middle position the solenoid 

was installed approximarely in the middle of the cone. 

Figure 14: Schematic representation of 1999 solenoid test posirions. 

Tests were conducted at solenoid settings of 0 - 160 Gauss for both 

solenoid positions. Tests were conducted with ore feed as well as medium 

feed only. The duration of a rest was approximately thirty minutes. For 

each test the inlet. underflow and overflow densities were measured three 

times and a single tracer test conducted. Four millimetre tracers of 

densities 2.9 to 3.5 kg/l (with 0.1 kg11 increments) were used for the 

tracer rests. Ten tracers of each density were added to the cyclone feed. 

The tracer test data was then analysed and a Tromp Curve constructed to 

obtain the Ep and cut point. 

The medium Feed density was measured electronically via a nuclear 

densitometer. Manual inlet densities were taken at the mixing box and the 

densiry determined with a Marcy scale to confirm automatic readings. 



Inlet pressures were measured with a pressure transmitter and pressure 

gauge. Overflow and underflow densities were determined manually with a 

Marcy scale. Underflow medium samples were taken where the medium 

from the sink screen drain hopper returns to the dense medium sump. 

. - Overflow medium samples were taken from beneath the float screen drain 

panels. Density sampling points are indicated on the plant flow sheet 

(Figure 10) as 51 - overflow density and S2 - underflow density sampling 

point. 

Two ore types were used. namely washed gravel and run-of-mine clay. 

The washed gravel was pre-prepared at a nearby screening plant where it 

was crushed, scrubbed and screened to consist of + 1 - 100 mm material. 

The clay material was sarnpied from an ancient river channel in Koingnaas 

Mine and consisted of a mixture of Kaolin ctay and gritty beach sands. 

Photographs of the clay ore and washed gravel can be found in Appendix V. 

lr should however be noted that for a l l  of the tests the DMS feed material 

was prepared through the prospect plant's feed preparation section and a l l  

DMS feed was sized and clean from clay and fines. The feed rate of the ore 

to the DMS was constant and low - in the region of 500 kglh. 
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Tracer tests were conducted with the solenoid in the middle position 

oniy. The magnetic field strength was varied from 0 to 8 Ampere in 

~ncrements of 2 A. Tests were done at medium inlet densities of 2.60. 

2.70 and 2.80 kgl l  per solenoid position and magnetic field setting. 

Tests were conducted with medium feed only. The duration of a test was 

approximately one hour. During a test the underflow density and 

overflow density were measured three times. Samples were taken 

directly from the cyclone overflow and underflow and measured with an 

Unical electronic scale. The tracer collection baskets were then placed 

inside the underflow and overflow boxes and a tracer test was 

conducted. 4 mm Tracers of densities 2.90. 3.00. 3.05. 3.10. 3.15, 3.20, 

3.30, 3.40 and 3.53 kgl l  were used. Fifty tracers of each density were 

added to the mixing box. Twenty minutes were allowed for separation 

after which the cyctone feed pump was stop-started once to purge the 

system and then stopped to remove the tracers. The data was analysed 

and a Tromp Curve constructed to obtain the Ep value and cut point. The 

cyclone inlet pressure was kept as stable as possible during a l l  tests. 
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Table 2: Summary of ZOO0 test programme a t  Koingnaas Main Plant. 



CHAPTER 4 - RESULTS AND DISCUSSION 

The detailed resulrs of the 1996, 1998 and 2000 test. A summary of the 1998 and 2000 

t r a c e r  test results are presented in Tables 3 and 4 in Section 4.2. The 1996 and 1998 and 
. . 
2000 (tracer tesr: and density cest) results are graphically represented and discussed in 

Section 4.3. 

4.1 ACCURACY OF THE RESULTS 

4 - 1 . 1  Measuring o f  Densi t ies dur ing  t h e  1998 Prospect P l a n t  t e s t s  

Measuring of the cyclone undeiflow medium density was not accurate. 

Ideally the underflow density should have been sampled directly from the 

cycione spigot. but this was not possibte due to security constraints. 

As discussed under Section 3.2, the underflow medium density was 

sampled where the medium from the sink screen drain hopper returns to 

the dense medium sump. Before being sampled. the underflow medium 

had passed through the sink screen drain panels. the sink screen drain 

hopper and along a distance of approximately seven metres of 100 rnm 

diameter pipeline. 

Periodic build up of medium inside the equipment, rhe blinding of sink 

screen panels and the effect of varying ore feed rate on sink screen 

efficiency reduced the accuracy of the readings. 

The sink screen drain panels (aperture 0.8 mm) blinded more readily with 

Ferrosilicon and fines than the float screen panels. Since the access of 

personnel to the enclosed sink screen area i s  restricted, blocked panels 

are not attended to timeously. 



4.1 .2  Repeatability o f  the 1998 Results 

'The time allocated to the test programme was limited. This placed a 

restriction on the number of times tests were repeated. 

The plant is used to evaluate prospect samples thus any diamond loss 

would impact negatively on the life of Namaqualand Mines. In lighr of 

above. it was agreed that no prospecting samples would be processed 

during rhe magnetic cyclone test programme. Due to urgency of 

prospecting results. a duration of three weeks was allocated to test the 

magnetic cyclone. 

The second limiting factor was the wear rate of the polyurethane cyclone. 

Polyurethane cyclones have a higher wear rate than standard cast iron or 

Ni-hard cyclones. In order to be able to accurately compare the results 

with each orher. the test work would have to be completed before any 

significant wear occurred. 

4 -  1 - 3 Accuracy of the 1998 Prospect Plant Tracer Test Results 

The amount of tracers used per test (ten tracers of each density) was not 

ideal. At least 200 - 300 tracers of each density would have been required 

per tracer test to achieve statistically accurate Ep and D5O values. This 

would however be costly and impractical due to the fact that the tracers 

had ro be hand sorted from the tailings and concentrate. Tracers in the 

tailings were sorted at rhe plant and tracers in the concentrate were sorted 

a t  the Geological Prospecting Laboratory in Kleinzee (approximately eighty 

kilometres from Koingnaas Prospect Plant). 

The Tromp curves obtained from the tracer tests were constructed with a 

binomial tracer test analysis programme developed by the Julius 

Kruttschnitt Mineral Research Centre. The rest of the graphs were 

constructed with the Excel spreadsheet programme. 



4 . 1 . 4  Measuring of Densities during the 2000 Main Plant tests 
' 

The underflow and overflow densities were sampled directly from the 

cyclone spigot and overflow pipe via a sample cutter. and was accurate. 

4.1.5 Accuracy of the 2000 Main Plant Tracer Tests 

Tracers of densities 2.90, 3.00. 3.05. 3.10, 3:lS. 3.20. 3.30. 3.40 and 

3.53 kgil were used during each tests. Fifty tracers of each density were 

used per test and each test was repeated three times. Thus the tracer 

test results are as accurate practically possible in a production 

environment. 

Three tracer tests (at a medium feed density of 2.70 kgll and a magnetic 

field strength of 6 A) were not considered for discussion. During the 

tests the cyclone pressure fluctuated significantly, which resulted in 

varying underflow densities. The cyclone inlet pressure was kept as 

stable as  possible during the tests. but it generally varied between 230 

and 260 kPa due to the condition of the pumps, medium sump level and 

mixing box level. 

Other factors also influenced the accuracy of the data such as the random 

addition of fresh medium, variable medium viscosity and the operation of 

the automatic medium density control system. Tracer tests were done 

randomly whenever there was an opportunity, with production taking 

precedence. Generally no more than five tests could be conducted 

consecutively on one day. 

During the rest period (which spanned approximatety eight weeks) 

cyclone wear did not affect tests results significantly. The only significant 

wear occurred at the vortex finder. The inner diameter increased by 10 

mm. The spigot diameter increased by 2 mm. 



4.1.6 D a t a  considered for Discussion 

Data from the 1996 magnetic cyclone test program (Campbell & 

Coetzee. 1997:38 - 40) was compared to the data of the 1998 and 2000 

res t  programmes. 

In 1996 experiments were carried out on a 100 mm stainless sreei 

cyclone with medium feed only. Tests were done using different grades 

of Ferrosilicon, a t  various inlet densities and with the solenoid in three 

different positions. The 1996 results of the tests with 270 D Ferrosilicon 

a t  medium inlet densities of 2.35. 2.45 and 2.55 kg l l  with the solenoid 

in the top. middle and bottom positions are considered in the discussion. 
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4 . 2  SUMMARY OF THE 1998 AND 2000 TESTS PROGRAM R E S U L T S  

AVE RA( 

CLAY 

,VERAGE 

CLAY 

CLAY 

GE 

CLAY 

- CLAY 

iVERAGE 

A D C  1. 

A FEED 

0 CLAY 

P ORE 

NO ORE 

AVERAGE 

ORE 1- 
:E 

ORE 1. 

SOLENOID I N  TOP POSITION 

DENSITY 
DIFFERENTIAL Ep D50 

0.510 0.048 3.166 

0.490 0.040 3 197 

0.500 0.044 3.182 

0.630 0.026 3.173 

0.54 0.038 3.179 

Table 3: Summary of results of the 1998 test program a t  Koingnaas Prospect Plant 

SOLENOID IN MIDDLE POSITION 

DENSlTY 
DIFFERENTIAL Ep 

D5O 

0 510 0.048 3.166 

0.490 0.040 3.197 

0.500 0.044 3.182 

0.630 0.026 3.173 

0.54 0.038 3.179 

0.480 0.037 3 225 

0.290 0.024 3.138 

0.38' 0.031 3.182 

0.391 0.027 3.184 

AVE RA4 0.3! 0.029 3.182 

0.170 0.027 3.184 1 0.330 CLAY 0.028 3.126 
. . 

0.250 0.028 3.155 

0.12 0.004 3.121 

0.19 0 .020 3.144 

0.250 0.044 3.117 

0.240 0.007 3.102 

0.245 0.026 3.11b 

0.25 0.026 3.110 

0.370 0.051 3.159 

0.290 0.007 3.102 
- .  . 

0.330 , 0.029 3.131 

0.140 0.006 3.105 

AVE RA(  0 .27  0.021 3.122 

0.120 0.007 3.195 

0.250 0.007 3.202 

0.185 0.007 3.199 

0.180 0.023 3.168 

0.183 0.015 3.183 

0.200 0.026 3.176 

0.240 0.007 3.195 

0.220 0.017 5 

0.180 0.024 3 

0 .200  0 .020  3.162 

0.180 0.007 3.099 

0.230 0.001 3.153 

0.205 0.004 3.126 

0.170 0.027 3.088 

0.188 0. Old 3.107 

0.160 0.006 3.098 

0.270 0.030 3.118 
. .  - - -  

0.215 0,018 3.108 

0.160 0.051 3.073 

0.188 0.035 3.091 



I SOLEN010 OVERf LOW UNDERFLOW DENSITY 

I N L E T  *Y 2.7~0: kg/V - 
2.60 3.60 

0 2 .55  3.55 
2.55 3 .55  

AVERAGE 2 . 5 7  3 . 5 7  
2.55 3.45 

2 2.55 3.50 
2 .55  3.50 

AVERAGE 2 . 5 5  3 . 4 8  
2 .55  3.35 

4 2 .55  3.45 
2.55 3.40 

AVERAGE 2.55 3.40 
2.55 3.40 

6 2.55 3.40 
2.55 3.40 

A V E R A G E  2.55 3 . 4 0  

h 
- 

INLET DENSITY 2 . 8 0  kg11 
. . . .. . . 
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4 .3  GRAPHICAL REPRESENTATION OF THE 1998 TEST RESULTS 

4.3.1 Effect o f  the Magnetic Field on Ep 

f~gure 16 illusrrares the results of the cests wich the solenoid in rhe top position 

and Figure 17 the results wirh the 

solenoid in rhe middle position. 

Figure 18 represents the average 

values of a l l  the resrs conducted (six 

rescs per magnec sercing). For both 

solenoid positions and for borh t h e  

rescs with and without ore feed a 

reducrion in Ep with increasing 

magnetic field sirengch was 

recorded. On average the Ep was 

reduced by approximately 60 %. From 

0.038 to 0.015. 

. 

Figure 16: Ep for resrs w ~ r h  solenoid in  cop posirion - 1998. 
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Figure 17 & 18: Ep for tesrs  with solenoid ~n middle position and average Ep 
values - 1998. 
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4.3 - 2  Effect of the Magnetic Field on Cut Point 

Figure 19 il~usrrates the results of the tests with the solenoid in the top position 

and Figure 20 the results with che 

solenoid in the middle position. 

Figure 21 represents the average 

values of a l l  the tests conducted (six 

tests per magnet setting). For both 

solenoid positions and for both the 

tests with and without ore feed a 

reduction in cut point with increasing 

magnetic field strength was noted. 

On average the cut point was reduced 

by approximately 3 %, from 3.18 kg/[ 

to 3.1 kgll. 

f --  =(y,.r.,,r, - . . - . . . L , 
"Figure 19; Cut point densi~y for tests wj@ solgnaid in rop pssiti~n' -- 1998, 

Figures 20 & 21: Cut point density br solenoid'tp~m~ddle position and average 
cut points- 1998. 
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4 . 4  GRAPHICAL REPRESENTAT!ON OF 2 0 0 0  TEST PROGRAM R E S U L T S  

4 . 4 . 1  Ef fect  o f  t h e  Magnetic F i e l d  on Density Differentiat 

Figure 22 illustrates the relationship between density differential and 

magnetic field strength for the solenoid in the top position. Each data point 

represents the average of three 

tests. For a l l  three medium feed 

densities (2.60. 2.70 and 2.80 

kgll) the density differential 

reduced with increasing magnetic 

field strength. An average 

reduction in differential of 25 % 

was recorded. The density 

differential is the highest for the 

lowest medium feed density as 

expected since medium stability 

decreases as density decreases. 

Figure 22: Density differential for tests with solenoid in top position - 

Figure 23 illustrates the relationship between underflow density and 
- . .,..C .- .,>LC,>, ,-;; c&As:.,f;>, >..?-,!s>2T:;: .:.;*=.- ,'.*?.>:: -'. - b>,,,,.--.*Y:: .; .,.. +*.*.; -.:., ;.<<:><: *.-, .;.:* +&?h~,.:::.;;::<.z.::;:?: 

pi., , . , 'iso~gNolp:~w~9p. poslrMN . .<, , magnetic field strength. Each data 

three tests conducted. An average 

reduction in underflow density of 

approximately 7% was recorded. 

The reduction in density differential 

was due to a reduction in 

underflow density. The overflow 

density remained constant and 

slightly below the inlet density. 

Figure 23: Underflow density for tests with solenoid in top position - 2000. 
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SOLENOID IN MIDDLE POSITION 

L J 4 ;  

SOLENOID SElTNG (A) 

Figure 24 illustrates the relationship 

between density differential and 

magnetic field strength for the solenoid 

in the middle positiorr. Each data point 

represents the average of three tests. 

For all three medium feed densities 

(2.60. 2.70 and 2.80 kgll) the density 

differential reduced with increasing 

magnetic field strength. An average 

reduction in differential of 19 % was 

recorded. The density differential was 

once again the highest for the lowest 

medium feed density. 

Figure 24: Density differential For tests with solenoid in middle position - 

2000. 

Figure 25 illustrates the relationship between underflow density and magnetic 

field strength for the solenoid in the 

middle position. Each data point 

represents the average of three tests. 

An average reduction in underflow 

density of approximately 5% was 

recorded. It i s  clear that the 

reduction in density differential was 

due to a reduction in underflow 

density. The overflow density 

remained constant and slightly below 

the inlet density. 

Figure 25: Underflow density for tests with solenoid in middle position - 2000. 



Figure 26 illustrates the relationship between density differential and magnetic 

field strength for the solenoid in the bottom position. 

Each data point represents the 

average of three tests. For a l l  three 

- - - - - * - - - - - - - - - - - - - - . - - - -  
medium feed densities (2.80. 2-70 

and 2.80 kgtl) the density differential 

reduced with increasing magnetic 

field suength. An average reduction 

in differential of 33 % was recorded. 

As with the solenoid in the top and 

middle positions the density 

differentid was the highest For the 

lowest medium feed density as 

expecred . 
Figure 26: Densicy differential for tesrs with solenoid in bottom position - 

200~0. 

Fiqure 27 illuscrates the relationship between underflow densiry and maqnetic - 
field strength for che solenoid in the 

top pasition. Each data point 

represents che average sf three tests. 

An average reduction in underflow 

density of approximately 9% was 

recorded. It i s  clear that the 

reductjon in density differential was 

due to a reduction in underflow 

density. The overflow density 

remained cbnatant and slightly below 

the inlet density. 

Figure 27: Underflow density for tests with solenoid in bottom position - 2000. 
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4.4.2 Effect of the Magnetic Field on Ep 

In Figure 28 average Ep values are 
plotted against solenoid sertlng for 
medium feed densities 2.60. 2.70 
and 2.80 kgll for the 2000 tracer test 
program. Each data point represents 
the average result of nine tests 
(three tests per medium inlet density 
per solenoid setting). 

No change in separation efficiency 
was recorded within the stable region 
of 0 to 6 ampere. The average Ep 
value remained approximately 0.02. 
which can be classified as excellent 
(Napier-Munn. 1975~23) according to 
a general guide by Napier-Munn. The 
separation efficiency did however 
deteriorate sharply beyond magnetic 
field settings of 6 amps. 

Figure 28: Average Ep values for medium densities of 2.60, 2.70 and 2.80 kg11 
- 2000. 

4.4.3 Effeet of the Magnetic Field on Cut Point 

Figure 29 illustrates the effect of an increase in magnetic field strength on cut 
point for different medium feed 
densit~es during the ZOO0 tracer tesr 
program. Each data point represents 
the average result of three rests. 

-.-------..---.--..-.......--.-- For a l l  three medium densities a 
------.------------.----. progressive decrease in cuc point 

with increasing magnetic field 

---------.-- strength was recorded. The cut point 
was reduced by approximately 4 % 
for a l l  three medium feed densities. 

As expected. cut points were 
generally higher for the tests with 
higher medium inlet densities. 
However cur point was clearly more 
sensitive to the magnetic field 
setting than to the medium Feed 
densiry. 

Figure 29: Average cut points for medium densities of 2.60. 2.70 and 2.80 
kg11 - 2000. 
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4 .5  COMPARISON BETWEEN THE 1996, 1998 AND 2000 TEST RESULTS 

4.5.1 Effect of the Magnetic field on Density Differential 

Only 1996 and 2000 density differential results were compared to one another. 
1998 density differential results were excluded from the discussion since the 
underflow density sampling was inaccurate as mentioned under section 4.1. 

The 1996 tests were conducted at  
medium densities of 2.35. 2.45 and 
2.55 kg11 with 270D FeSl. The 2000 
tests were conducted a t  medium 
densities of 2.60. 2.70 and 2.80 kg11 
with 65D FeSi. 
Tests were conducted with the 
solenoid in the top. middle and 
bottom positions during 1998 and 
2000. 
Each data point represents the 
average of nine tests (three tests per 
solenoid posltion per solenoid 
setting. except for the 1996 tests a t  

0 ampere where more tests were 
conducted). During each rest 
overflow and underflow densities 
were sampled three times. 

Figure 30: Comparison between density differential results for 1998 and 2000. 

Figure 30 illustrates the following: 

The higher the medium feed density the hlgher the medium stablllty and the 
lower the density differential - provided that the inlet pressure and cyclone 
geometry is constant. 

The density differential for the tests wlth 65D medium at a cyclone feed 
pressure of approximately 2OD i s  substantially hlgher than that of the tests 
conducted with the finer 2700 medlum at a cyclone feed pressure of 
approximately 130. 

The higher the Inlet pressure and medium feed density the less susceptible 
the medium to the effect of the magnetic held - provided that pressure. 
cyclone geometry. medium grade and magnetic susceptibility is constant. 

The position of the solenoid does not affect the density different~al as 
significantly as the magnetic field strength does. 



4.5.2 Effect of the Magnetic field on Ep 

Figure 31 represents the average Ep values for the 1996, 1998 and 2000 test 
programs. 

The following data was used to 
construct the graph: 

1996 data with the solenoid in the 
top. bottom and middle positions a t  
medium densities of 2.35. 2.45 and 
2.65 kg11 (each value used was the 
average of three tracer tests except at 
0 A where more tests were done). 

1998 data with the solenoid in the 
top and middle positions at a medium 
density of 2.65 kgll (each value used 
was the average of three tracer 
tests). 

2000 data with the solenoid in the 
middle position at densities of 2.60. 
2.70 and 2.80 kg11 (each value used 
was the average of three tests). 
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Figure 31: Average Ep values for 1996. 1997 and 1998 
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During the 1996 and 1998 test programs the Ep started deteriorating beyond 4 
ampere and during the 2000 test program beyond 8 ampere. 

When considering the data in the stable region of each test series separately. 
some showed significant improvements in Ep with increasing magnetic field 
strength while in other tests Ep deteriorated or remained constant. When 
considering a l l  of the data available an average reduction in Ep of 16 % was 
achieved. This was calculated using: 

. .- . 
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% Reduction in Ep = .(Epo - Epmj")lEpo * 100 

. - .  
.:. . ... 

with Epo = The average Ep value of a l l  of above tests with no magnetic field 
and Epmi, = The average Ep value of a l l  of above tests at a magnetic field of 2A 



4 . 5 . 3  Effect of the Magnetic field on Cut Point 

1996. 1998 and 2000 test program tracer test results with the solenoid in the 
middle position were compared to one another. Figure 32 illustrates the effect 
of the magnetic field on cut point. 

The 1996 tests were conducted at 
medium densities of 2.35. 2.45 and 
2.55 kgll with 270D FeSi. 

The 1998 tests were conducted at a 
med~um density of 2.65 kgll. 

The 2000 tests were conducted at 
medium densities of 2.60. 2.70 and 
2.80 kg11 with 65D FeSl. 

Each data point represents the 
average of three tests (three tests 
per solenoid setting. except for the 
1996 rests a t  0 ampere where more 
tests were conducted). 

Figure 32: Average cur: point results for 1996. 1998 and 2000 

Figure 32 illustrares the following: 

The higher the medium feed density the higher the cut point - provided that 
pressure. cyclone geometry, medium grade and magnetic susceptibility i s  
constant, 

The higher the inlet pressure and medium feed density the less susceptible 
the medium to the effect of the magnetic field - provided chat cyclone 
geometry. medium grade and magnetlc susceptibility i s  constant. 
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4.5.4 Relationship between Underflow Density and Cut Point 

In Sections 4.5.1 and 4.5.3 the influence of the magnetic field on underflow 
density and cut point was discussed. In the literature study. Section 2.4.1. the 
possible relationship between underflow density and cut point was explored. 
During the magnetic cyclone test program a direct relationship between the 
underflow density and cut point was found. 
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The relationship between cut point and 
underflow density is illustrated in 
Figures 33 and 34 using tracer tesr data 
from the 1996 and 2000 test programs. 
1998 data was not considered since the 
underflow density results were 
unreliable. 
Figure 33 was constructed using 1996 
data for the tests with medium inlet 
densities of 2.45 and 2.55 kg11 with 
2700 FeSi. Each data point i s  the 
result of three underflow density 
readings and a tracer test. Data wirh 
the solenoid in a l l  three positions. at 
magnetic field settings of 0 to 3 
ampere (with three tests per magnetic 
field setting) were used. 

Figure 33: relationship between underflow density and cut point - 1996 data. 

. . .  < , . .. - . . . 
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Figure 34 was constructed using 2000 
data for the tests with medium inlet 
densities of 2.6. 2.7 and 2.8 kg11 with 
650 FeSi. Each data point i s  the result 
of three underflow density readings and 
a tracer test. Data with the solenoid in 
the middle position. a t  magnetic field 
settings of 0 to 6 ampere (with three 
tests per magnetic field setting) were 
used. Beyond 3 ampere for the 1996 
tests and beyond 6 ampere for the 2000 
tests the Ep deteriorated indicating a 
disruption in the flow pattern inside the 
cyclorle. Linear tend lines were fitted 
through the data for each test series. 
The 2000 data was more accurate than 
the 1996 data since more tracers in 
smaller density intervals were used per 

tesr. 
F~gure 34: Relationship between underflow density and cut point - 2000 data. 
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4 . 6  EFFECT O F  2000 M A G N E T I C  C Y C L O N E  PROJECT O N  K O I N G N A A S  

M A I N  P L A N T  P R O D U C T I O N  STATISTICS 

The primary goal of the magnetic cyclone project was conducted at 

Koingnaas Main Plant from June to  October 2 0 0 0 .  was to  evaluate the 
. . 

performance of a magnetic cyclone in  a production environment. An 

audit was done on the DMS before commencing wi th  the project and 

a number of changes were made to  bring the DMS in  l ine wi th  

current best practice before commencing wi th  the magnetic cyclone 

project.  

T h e  fo l lowing  improvements were made: 

1. The old Linatex cyclone dimensions were not ideal. The new 

Multotec cyclone was selected t o  conform to  the ideal group 

standards. 

2. The o ld  cyclone was installed in such a way that back-pressure 

was created at the overflow. This was eliminated wi th the new 

installation. 

3.  The old cyclone was operated wi th f luctuating pressures ranging 

from 90 kPa to  260 kPa .  As part of the project the DMS feed was 

interlocked wi th the cyclone inlet pressure t o  ensure a constant 

and opt imum pressure. 

4. Control l imi ts  were set on the DMS feed rate to  ensure a constant 

feed rate to the cyclone of  60 to  70 tons per hour. 

5 .  The DMS feed conveyor weightometer and the cyclone pressure 

gauge were calibrated. 

The average concentrate yield recorded over a period of three and a 

half months after implementing the changes was 0.12% of DMS feed. 

The average DMS yield for Koingnaas from 1997 to  2000 before 

implementing the changes was 0.25%. Thus a s  consequence of  

fo l lowing technical best practice a 52% reduction i n  DMS yield was 

achieved. 
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From the tracer tests an optimum point of operation for the magnetic cyclone 

was determined. This was to operate the cyclone with a medium inlet density 

of 2.80 kgll. ensuring that quartz is  no longer middling material. and to 

reduce the underflow density from 3.60 to 3.45 kg11 with the solenoid to 

maintain a cut point of 3.20 kgll. The solenoid was placed in the middle of 

the conical section and set a t  4 ampere. The magnetic cyclone has been in 

operation with these criteria for a month prior to this report being written. 

Routine DM5 efficiency audits while operating with the solenoid at 4A and 

with the medium i ~ l e t  density a t  2.80 kgll has been satisfactory. No diamonds 

were Found in the two 40 ton tailings samples taken and a l l  tracer tests have 

indicated cut points of 3.20 - 3.22 kgil with Ep values of 0.01 - 0.02. When 

comparing the average concentrate yield of ten shifts before to ten shifts after 

the magnet was switched on. the yield was reduced by a further 50 % (from 

0.14% to 0.07 %).  The Multotec cyclone also showed improved wear 

resistance when compared to the Linatex cyclone. After being in operation for 

four months and treating 74 844 tons at pressures of 200 - 260 kPa the 

cyclone performance is still satisfactory. the tiled cone showing l i t t le  visible 

wear. Figure 35 illustrates DMS statistics from January to October 2000. 

KOlNGNAAS DMS DATA 2008 
YIELD VS DENSITY DIFFERENTIAL 

0 20 43 60 88 100 1 2 0  140 160 180 200 220 

- 7 per. Mov. Avg. (YIELD) 

- 7 per. Mov. Avg. (DENSITY DIFFERENTIAL) 

Figure 35: Koingnaas Main plant Production Statistics. 
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4 . 7  DISCUSSION OF RESULTS 

4.7.1'  Effect of the Magnetic Field on Density Differential 

For a l l  tests, with ore feed and with medium feed only. on a laboratory 

scale and on a production scale, a progressive reduction in density 

differential with increase in magnetic field strength was recorded. The 

reduction in density differential was due to a reduction in the underflow 

density. The overflow medium density remained essentially constant. In 

some cases a slight increase in overflow medium density was noticed. 

The medium flow-spilt between the overflow and underflow depends on 

many variables. which in turn determine the medium underflow and 

overflow density. The volumetric percentage of feed medium that 

reports to the cyclone overflow can be calculated using: 

% Medium to overflow = [(PUIF -PIN) 1 (P"/F - pOIF)] * 100 . - - . . . . . . - I  

(Gilbert & Hyland. 1996) 

with PUIF = underflow medium density (kgll) 

PIN = medium inlet density (kgll) 

and POIF = overflow medium density (kgll) 

According to above relationship a substantial decrease in underflow 

medium density and a marginal increase in overflow medium density 

should result in an increase in the overflow medium flow rate and a 

decrease in underflow medium flow rate. 

During the 1995 and 1996 investigations. medium overflow and underflow 

flow rates were measured for each test conducted. The results indicated 

a progressive decrease in the flow rate of the underflow medium and an 

increase in the flow rate of the overflow medium with increasing 

magnetic field strength as expected. The region of minimum underflow 

flow rate also coincided with the region of minimum underflow density. 

The 1995 results are illustrated in Graph 20 (Campbell & Brits. 1995:14). 
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4.7.2 Effect of  the Magnetic Field on Ep 

Both ~n 1996 and 1998. with ore feed as  well as  with medium feed only a 

progressive reduction in Ep with increase in magnetic f ~e ld  strength were 

recorded. On average the Ep was reduced from 0.04 and above to 0.02 

and below. During the 1996 t e s t s  (with 2700 medium feed only a t  an 

inlet densi ty of 2.55 kgl l )  the average Ep value for the top and middte 

positions was reduced from 0.061 a t  0 Gauss to 0.016 a t  36 Gauss. which 

i s  an average reduction of 74 %. During 1998 the average Ep was reduced 

from 0.038 to 0.017. which is an average reduction of 55 %(refer to Table 

3 page 33 for 1998 tesr results). 

The percentage reduction in Ep was calculated using: 

% Improvement in Ep = [(Epo - EpnrIn) I (Epo)] * 100 .....-........... - . - - 2  

with Epo= Average Ep of 3 tests (wirh and without ore feed) without 

magnetic field. 

Ep,,,,,=Average Ep of 5 tests (with and without ore feed. with 

solenoid in top and middle positions) with magnetic field a t  56 G. 

As discussed in the literature study excessive entrapment of middlings in 

the concentrate occurs when the density differenrial exceeds 0.4 

(Cocker e t  a l .  1998:141-142). In a l l  of the tests conducted the density 

differentiat was 0.4 or above before applying the magnetic field. A f ~ e r  

application of the magnetic field. during the 1996 and 1998 tests. the 

density differential was reduced to below 0.4. By decreasing density 

differential the density band of material classified as middlings narrows. 

improving separation efficiency and reducing concentrate yield. 

During the 2000 test program no significant reduction in Ep was 

recorded. The Ep remained below 0.025. which can be classified as 

excellent (Napier-Munn, 1975:23). for a l l  tests done below 8 A. Two 

possible reasons exist for not recording a reduction in Ep. 



Firstly the magnetic field did not reduce the density differential to 

the ideal region of 0.2 to 0.3 during the 2000 test program. Due to 

the coarse medium grade (65D) and the high cyc{one feed pressure 

(200 to 250 kPa) the density differential was large (1.0 to 1.1) 

compared to the 1996 and 1998 density differentials (0.4 to 0.5). The 

combination of high density differential and high inlet pressure 

resulted in the magnetic field not being able to reduce the density 

differential to below 0.3 before magnetic flocculation occurred. 

Secondly the Ep values were excellent from the onset during the 

2000 test program making a reduction in Ep of well below 0.2 

unlikely. 

The reduction in density differential with increasing magnetic field 

strength (Section 4.4.2). thus leads to a significant improvement in 

separation efficiency and a reduced yield provided that the density 

differential is reduced to between 0.2 and 0.3. 

4.7.3 Effect of the Magnetic Field on Cut Point 

In 1996. 1998 and 2000 with ore feed as well as with medium feed only 

a progressive reduction in cut point with increase in magnetic field 

strength was recorded. During the 1998 and 2000 test programs the cut 

point was reduced by approximately 4% before magnetic floccutation of 

the medium occurred. 

The reduction in cut point can be explained as follows: 

The solenoid draws the ferrosilicon particles towards its central plane 

(away from the spigot. and towards the overflow) and thus counteracts 

medium segregation in the cyclone crearing a more stable medium. This 

in turn gives rise to a reduced underflow medium density. During the 

tests a l l  other variables affecting cut point such as medium grade. 

cyclone configuration inlet density and inlet pressure were kept constant. 

Thus. the reduced underflow density induced via the magnetic field was 

responsible for rhe reduction in cu t  poinr. 



When comparing the 1998 cur point data (Graphs 7 and 8) with ore feed 

to the data with medium feed only. it can be seen that the cur point 

with ore feed is approximately 1 % higher than with medium feed only. 

This can be attributed to crowding of material a t  the cyclone spigot 

when feeding ore. which will in turn lead to the diversion of material to 

the cyclone overflow and consequently a raised cut point. 

4 - 7 . 4  Re la t ionsh ip  b e t w e e n  C u t  Point  a n d  U n d e r f l o w  M e d i u m  

D e n s i t y  

Figures 33 and 34 (Section 4.5.4. page 44) illustrate the relationship 

between cut point and underflow medium density for the 1996 and 2000 

test programs. This was rhe First time that the relationship could be 

explored. I t  was not possible in the pas t  to vary the underflow density a t  

wi l l .  

I t  was discovered that the cut point i s  directly related to the underflow 

density and decreases with decreasing underflow density. The cut point 

is also dependent upon the medium inlet density but to a lesser extent. 

The underflow density is the primary parameter determining the cut 

point. 

As discussed in the literature study. the underflow density of a DM 

cyclone varies constantly due to variable medium size distribution. 

medium viscosity, cyclone 'inlet pressure and cyclone wear. Most 

diamond production plants do not measure medium underflow density 

and none control i t  actively. The reason for this is that the effect of 

underflow density on separation efficiency has not been well 

documented and understood and that there was no simple and effective 

way to manipulate it directly, until now. 
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From the linear trend lines constructed through the data the following 

equations were derived: 

1996 Data  

270D FeSi a t  2.45 kgll inlet density - 

2700 FeSi a t  2.55 kgll inlet density - 

2000 Data 

65D FeSi at 2.60 kg/[ inlet densiry - 

65D FeSi at 2.70 kg11 iniet densiry - 

65D FeSi at 2.80 kgll inlet densiry D50 = 0.59puf + 1, t6 ..... 7 

with DSO =: Cut point density (kgll) 

and puf = Medium underflow density (kgll) 

From the 1996 data the following equation can be derived which relates 

cut point to medium inlet density and medium underflow density: 

DSO= 0.67puf + 0.50pin.. ...................................................... .8 

From the 2000 data the following equation can be derived which relates 

cur point to medium inlet density and medium underflow density: 

With pin = 'hedium inlet density (kgll) 

With pin - - Medium inlet density (kgll) 
The constants in the equations could be a function of medium grade or 

cyclone configuration. It is possible though. that medium grade and 

cyclone configuration only plays a role to determine underflow density 

and that the cut point of any DM cyclone can be derived from a single 

common equation once the medium inlet and underflow densities are 

known. This assumption can be made since the constants of the 1996 and 

2000 test programs are very similar considering the degree of 

experimental error when conducting tests in a production environment. 

More tests should be done with different medium grades and inlet 

dens~ties to refine the relationship between cut point. inlet and 

underflow density. 



4.7 .5  Effect of the 2000 Magnetic cyclone test  program on Koingnaas 

Production Statistics 

The magnetic cyclone i s  an enhancemenr of current best practise and not 

a remedy for general poor DM5 efficiency. 

As consequence of following technicai best pract~ce a significant 

reduction in DMS yield of 52% was achieved. 

Operating the magnetic cyclone with a medium density of 2.80 kg11 at a 

solenoid setting of 4 amps resulted in a further reduction in DMS yield 

from 0.14% to 0.07% (rhese values are the average yields ten shifts 

before and ten shifts after the magnet was switched on). The mosr: likely 

reason for this reduction is rhat less middling material reported to 

concentrate due to the decreased density differential and the fact that 

quartz could no longer be classified as  middling material when operating 

under these conditions. 

In total a 68 % reduction in DMS yield was recorded for the project. This 

relates to a saving in concentrate treatmenr cost at the Final Recovery 

Plant of approximately R250 000 per annum. 

The reduction in yield was calculated as  follows: 

% Reduction = (YIELD REFORE - YIELD AFT~~) IY IELD B F ~ O R E  * 100 

YIELD BEFORE = Average yield'frorn 1997. 1998, 1999 and 2000 Jan to June 

= 0.25% 

YIELD AFTER = Average yield of 15 shifts from 2 October 2000 onwards 

after operating with the solenoid on a t  a density of 2.8 

kgfl. 

= 0.08 % 



CHAPTER 5 - CONCLUSION AND RECOMMENDATION 

5 . 1  CONCLUSION 

The magnetic Field had a similar affect on medium passing through a large and a 

smalI DM cyclone. The effect of the magnetic field on the medium of a DM 

cycIone fed with a medium-ore mixture was found similar to one fed with 

medium only. 

By applying a magnetic field to the dense medium passing through a cyclone. the 

medium is stabilised directly without having to aIter physical DMS parameters or 

increase the medium viscosity. 

The stabilisation of the medium i s  characterised by a progressive reduction in the 

underflow density with increasing magnetic field strength. This reduction in 

underflow density occurs due to the attraction of the ferrosilicon particles towards 

the central plane of the solenoid. The magnetic field thus counteracts the 

centrifugal and gravitational forces in the cyclone and prevents excessive 

segregation of the heavy ferrosilicon particles. 

This results in a more homogeneous medium with a smatler differential between 

the dense medium regions at the cyclone peripherylspigot and the less dense 

region towards rhe cyclone centre/overflow. By attracting more medium away 

from the spigot and towards the overflow. the volumetric flow rate of the overflow 

product is increased. 

The direct stabilisation of the medium passing through a DM cyclone and the 

consequent reduction in underflow density affects separation in three ways: 



Firstly. and most significantly. the underflow density can be manipulated directly 

for the' first time. It was discovered that the cut point is directly related to the 

underflow medium density and that the underflow density has a greater effect on 

cut point than inlet density. The cut point of a cyclone i s  the most critical DMS 

- parameter. It primarily determines the DMS yield and recovery of diamonds to 

concentrate. The underflow density in turn is determined by an array of variables 

such as medium grade. cyclone configuration. cyclone pressure, viscosity. etc. 

which makes it impossible to control directly with conventional methods. The 

constantly varying underflow medium density causes misplacement of light 

material in concentrate and could lead to diamond loss. The direct stabilisation of 

the medium density (and thus control of the underflow density) with the magnetic 

field brings metallurgists one step closer to complete on-line DMS control. 

Secondly. the reduction in density differential narrows the middlings density band 

and reduces the offset between the inlet density and the cut point. both of which 

i s  known to improve separation efficiency and reduce DMS yield. On average for 

a l l  of the 1996, 1998 and 2000 tracer test results the Ep value was improved by 16 

%. 

Thirdly, it i s  now possible to operate a DMS a t  a higher inlet density than ever 

before. The magnetic field reduces the underflow density. which in turn reduces 

the cut point. Thus a cyclone that was previously operated with an inlet density of 

2.50 kgll can now be operated with an inlet density of 2.80 kgll. using the 

magnetic field to maintain the same cut point. Th'is has specific application for 

alluvial diamond mines where approximately 90 % of DMS feed consists of 

middling material. Historically. alluvial DMS plants are operated at medium inlet 

densities of 2.50 to 2.60 k g l l  and underflow densities of 2.9 to 3.6 kgll. In this 

application quartz of density 2.65 kgl l  can be defined as  middling material. It is 

well known chat unwanted middling materiai i s  often misplaced in the concentrate 

due to crowding in the cyclone. An educated guess is that 30 - 50 % of 

Namaqualand Mines concentrate consists of unwanted quartz. 



Theoretically. by operating a t  medium inlet densities of above 2.80 kg/l. quartz 

will no longer a c t  as  middling material and shoutd report to tailings only. This 

theory was tested by operating the 510 rnm cyclone a t  Koingnaas Production Plant 

with a medium inlet density of 2.80 kg/l and using the solenoid to reduce the 

- underflow medium density from 3.60 to 3.45 kg/! to ensure a cut point of 3.20 

kg/[ .  The cyclone war operated for one month under these conditions prior to this 

report being written. The result was that the DMS performed satisfactory with no 

loss of diamonds to tailings and a reduced DMS yield. No changes were noted on 

the diamond distribution curves. The yield was reduced from 0.14% to 0.07% 

(rhese values are the average yields ten shifts before and ten shifts afrer the 

magnet was switched on) as a direct result of the application of the magnetic 

field. 

The alumina tiled cone tested did not cause turbulence inside the cyclone 

jrrespective of the uneven surface of the tiler. Very low Ep values (0.01 - 0.03) 

throughout the project confirmed this. The wear properties of the alumina cone 

were superior to that of a standard Ni-Hard cone. Even though the riled cone 

performed satisfactory it is not recommended for permanent application with the 

solenoid since catastrophic diamond loss will occur should a tile come loose. 

In total a 68 % reduction in DMS yield was recorded for the project. This relates 

to a saving in concentrate treatment cost a t  rhe Final Recovery Plant of 

approximately R25O 000 per annum. 



5 . 2  RECOMMENDATION 

A magnetic DM cyclone is simple to install and operate. The magnet's capital and 

operational costs are minimal. It has the same power requiremenrs as a standard 

light bulb. The magnet is robust and reliable and requires no maintenance as long 

as it stays dry and i s  not operated at high voltages for extended periods. 

The benefits of a magnetic DM cyclone include: 

Direct on-line control over the underflow medium density. Since underflow 

medium density is the major factor determining cut point. this will ensure 

continuous operation at optimum parameters. 

A reduced density differential without compromising on other effectiveness 

areas, such as medium grade, cyclone inlet pressure or tonnage throughput. 

This will result in improved separation efficiency and reduced yield. 

Magnetic DM cyclones can be operated at high medium densities. This has 

specific application where large amounts of middling material in DMS feed 

cause misplacement of light material in the concentrate. By using the magnetic 

field to reduce the underflow medium density and thus the cut point. it i s  

possible to operate the cyclone at a medium density of 2.80 kg11 and still 

maintain the same cut point than when operating at 2.60 kgll. Under these 

conditions. quartz no longer acts as  middling material and should report to 

tailings only. This will result in significant cost savings. 

The way forward: 

An on-line, automated underflow density measurement and control system 

must be developed. 

Development of a non-magnetic cyclone. A ceramic cyclone or stainless steel 

cyclone lined with tungsten carbide would be ideal. The result of cyclone wear 

tests conducted from 1992-1995 a t  Argyle diamond mine with a variety of 

materials was that Tungsten Carbide lined vortex finders had 54.5 times 

greater wear properties than NiHard (David. 1995:lO). 

A research programme should be undertaken to accurately model and optimise 

the effect of the magnetic field on the medium within a DM cyclone. 
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APPENDIX I 

CYCLONE DRAWINGS 



250 MM MULTOTEC POLYURITHANE CYCLONE - 1998 TEST PROGRAM 

SCROLLED INLET 
ROUND (135 MM ID) 
TO RECTANGULAR (40 BY 100 MM) 

VORTEX FINDER: L = 305 MM 
I.D. = 100 MM 

CONE: LENGTH = 370 MM 

SPIGOT: BOTTOM 1.0 = 50 MM 
LENGTH = 256 MM 



510 MM.CAST IRON MULTOTEC CYCLONE - 2000 TEST PROGRAM 

'P 
VORTEX FINDER 

I 
, ,  LENGTH X = 245 mm 

LENGTH Y = 363 mm 
ID - - 215 mm 

': - .n.- . 
- X I + !  - >*1p 

SCROLLED INLET 
,- - ROUND (150 mm ID) TO 

SQUARE (100 mm * 100 mm) 

. . - - . EFFECTIVE ROUND ID = 113 mm 

CONE 
20 DEGREES 
LENGTH - - 878 mm 

1 

! 
I 

i I 
I 

SPIGOT . 

LENGTH - - 375 mm 
. ID - - 110 m m  



500 MM Ni-HARD LINATEX CYCLONE - 2000 TEST PROGRAM 

CYCLONE DIMENSIONS 

VORTEX FINDER 
LENGTH = 
ID - - 

TANGENTIAL INLET 
SQUARE (105 mm * 105 mm) 
EFFECTIVE ROUND ID 119 mm 

BARREL EXTENSION 
DIAMETER = 500 mm 
LENGTH = 330 rnm 

CONE 
20 DEGREES 
LENGTH 

BARREL LENGTH (WITHOUT EXTENSION) - - 
BARREL LENGTH (WITH EXTENSION) - - 
VORTEX FINDER LENGTH - - 
VORTEX L: BARREL L (WITHOUT EXTENSION) = 
VORTEX L: BARREL L (WITH EXTENSION) - - 
VORTEX FINDER ID - - 
INLET ID - - 
SPIGOT ID - - 

SPIGOT 
LENGTH 
ID 

- - 685 rnm 

- - 520 rnm - - 100 mm 

355 mm = 0.710 (IDEAL = 0.7D) 
685 mm = 1.37D (IDEAL = 0.70) 
280 mm = 0.56 D (IDEAL = 0.45D) 
0.79 (IDEAL = 0.65 - 0.8) 
0.41 (IDEAL = 0.65 - 0.8) 
225 mm = 0.450 (IDEAL = 0.42D) 
119 mm = 0.240 (IDEAL = 0.28D) 
100 mm = O.2OD (IDEAL = 0.2-0.25D) 



APPENDIX I1 

CYCLONE DIMENSIONS & FEED CONDITIONS 



Feed Parameters and Ore Characteristics 

'. . 
ORE DENSITY 2.7 kgll 

FEED SIZE + 1.5 - 10 mm (1998): +1.5 - 12 mm (2000) 

MEDIUM FEED DENSITY 2.65  kgll (1998): 2.60. 2.70 AND 2.80 kgll (2000) 

CYCLONE INLET PRESSURE 1 90 kPa (1998): 230 - 260 kPa (2000) 

Recommended relationships 

A) CYCLONE INLET PRESSURE 

Generally cyclone inlet pressures range from 10 - 20 D in the diamond 

industry 

For a 20 degree cyclone the optimal feed pressure is calculated using: 

Head (m) = 1.4 * cyclone diameter (m) * [solids density (kgl l )12 

Which  is a head of approximately 10-11 D. 

During the 1998 test programme the cyclone was fed at 90 kPa, which relates 

to  a head of 13 D. 

During the 2000 test programme the cyclone was fed a t  230 - 260 kPa, 

which relates to a head of 16 - 20 D. 

BI PARTICLE SIZE RANGE 

The ideal ration berween to  top and the bottom cut off sizes i s  6:l. 

A ratio of up to 8:l i s  stil l tolerable. 

The ratio for the 1998 test programme was 10 m m  : 1.5 mm. which relates to  

a ratio of 6.7:l. 

The ratio for the 2000 test programme was 12 m m  : 1.5 mm. which relates to 

a ratio of 8:). 



The diameter should ideally range between 0.2 D and 0.25 D. 

The spigot diameter for the 1998 test programme was O.2D. 

The spigot diameter for the 2000 test programme O.22D. 

D) VORTEX FINDER 

ldeal length for 20" cyclone - - 3 * inlet diameter 

- - 3 * 100 

- - 300 rnm 

Or Vortex L: Barrel L should ideally be between 0.65 and 0.8. 

For the 2000 test program the value was 0.82. 

Ideal diameter for 20" cyclone vortex finder - 0.42 * D 

Both the 1998 test cyclone and the 2000 test cyclone vortex finder diameters 

corresponded with the ideal. 

E l  CYCLONE INLET 

The minim cyclone inlet dimension should be a t  least four times the 

maximum particle size. 

Thus 4 * 10 mm = 40 mm (for the 1998 test program) and 4 * 12 mm = 48 

mm (or the 2000 test  program). . 

The ideal equivalent inlet diameter should be 0.280. The cyclone used 

during the 1998 test program had an inlet of 0.280. while the cyclone used 

in the 2000 test program had an inlet of O.22D. 
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"HART FOR 250 M M  CYCLONE MAGNET AT K O I N G ~ A A S  PRO~SPECT PLAN?! P 

POSITION A: 
POSITION B: 

Field at magnet's centre. 
Field 80 mm off magnet's centre. 

W 

I 

0 2 4 6 8 

ELECTRIC CURRENT (A) 

POSITION A POSITION B I I 



CHART FOR 510 MM CYCLONE MAGNET AT KOlNGNAAS MAIN PLANT 

POSITION A: 
POSITION B; 
POSlTlON C: 

100 mm horizontal distance from magnet's inner diameter. 
50 mm horizontal distance from magnet's inner diameter. 
Next to magnet's inner diameter. 

., ., , . . -  

Q 2 4 6 8 

ELECTRIC CURRENT (A) 

POSITION A POSlTlON B POSlTlON C 



APPENDIX IV 

RESULTS OF 1996, 1998 AND 2000 

TEST PROGRAMMES 
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SOLENOID 

POSITION 

MAGNETIC 
- 

DENSITY 
I. 

FIELD (G) DIFFERENTIAL 

---.- 

CUT POINT 

2.35 kgll 

2.45 kgll 

2.55 kg11 

z 

OFF 
BOTTOM 

MIDDLE 

TO P 

. OFF 
BOTTOM 

MIDDLE 

TOP 

OFF 
BOTTOM 

MIDDLE 

TO P 

0 0.07 I 

17.64 0.38 0.02 3.10 
36.86 0.31 0.024 3.08 
56.08 0.28 0.081 2.96 
75.29 0.27 0.056 2.81 
94.51 0.27 0.031 2.72 
113.73 0.41 0.037 2.70 
17.64 0.36 0.025 3.10 
36.86 0.26 0.06 2.96 
56.08 0.15 0.055 2.90 
75.29 0.16 0.051 2.85 
94.51 0.19 0.07 2.84 
113.73 0.23 0.153 2.85 
17.64 0.38 0.051 3.01 
36.86 0.29 0.037 2.91 
56.08 0.12 0.026 2.81 
75.29 0.03 0.059 2.81 
94.51 0.05 0.118 2.84 
113.73 0.16 0.182 2.89 
0 0.42 0.03 3.16 - -. 7 

- - 
n:64 0.38 0.033 3.12 
36.86 0.31 0.030 3.10 
56.08 0.28 0.081 3.02 
75.29 0.30 0.085 2.90 
94.51 0.22 0.061 2.74 
113.73 0.29 0.048 2.72 
17.64 0.36 0.034 3.13 
36.86 0.28 0.060 3.07 
56.08 0.18 0.061 2.99 
75.29 0.16 0.067 2.95 
94.51 0.16 0.174 2.86 
113.73 0.18 0.228 2.80 
17.64 0.38 0.028 3.12 
36.86 0.30 0.065 3.02 
56.08 0.14 0.064 3.01 
75.29 0.05 0.109 2.99 
94.51 0.07 0.152 3.03 
113.73 0.09 0.248 3.14 

0 0.40 0 061 3 71 
17.64 0.36 0.038 3.19 
36.86 0.30 0.022 3.16 
56.08 0.27 0.021 3.12 
75.29 0.29 0.083 3.07 
94.51 0.21 0.125 2.92 
113.73 0.28 0.099 2.95 
17.64 0.36 0.028 3.19 
36.86 0.28 0.015 3.12 
56.08 0.18 0.014 3.12 
75.29 0.17 0.039 3.10 
94.51 0.16 0.058 3.09 
113.73 0.17 0.212 2.93 

- 

17.64 0.37 0.037 3.18 
36.86 0.28 0.016 3.11 
56.08 0.10 0.029 3.11 
75.29 0.03 0.080 3.11 
94.51 0.06 0.162 3.22 
113.73 0.10 0.421 3.278 . 



DETAILED RESULTS OF 1996 MAGNETIC CYCLONE TEST PROGRAM 
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- . ,  
. Off 

Off 
Off 
Off 
Off 
Off 
Off 
Off ,. 

- 1 1  

Off 
Off 
Off 
Off - -, 

- . a  

Off 
Off 
Off 
Off 

ur 

density 

OF 

density 

Inlet l 7  - v  l n  l r .ERS_ RECOVERED IN OVERFLOW TRACERS RECOVERED IN UNDERFLOW 
3.2 3.3 3.4 3.5 2.7 2.8 2 . 9  3 , 3 . l  3.2 3.3  3.4 3.5 

Densit j 

2.35 - . 3 5  2.729 2.732 2.294 2.309 2.315 20 16 - 10 - 0 0 0 0 0 2 - 9 - 20 20 20 20 
2.35 2.78 2.785 2.79 2.31 2.315 2.31 18 19 17 18 - 3 0 0 0 I 0 1 1 - 12 20 18 18 

, 2'35 2.79 2.78 2.78 2.32 2.33 2.32 20 19 19 20 - 2 0 0 0 0 I I 0 - 16 19 20 20 
2.35 2.77 2.78 2.79 2.31 2.32 2.315 20 19 19 17 - 1 0 0 0 0 1 0 3 - 16 20 20 22 
2.35 2.79 2.79 2.79 2.31 2.315 2.32 19 20 19 19 - 3 0 0 0 0 0 I 1 - 14 20 20 21 
2.45 2.85 2.86 2.84 2.4 2.41 2.405 20 20 19 17 7 3 1 0 0 0 0 1 2 13 16 19 20 20 
2.45 2.85 2.84 2.85 2.42 2.41 2.41 20 20 20 19 11 10 0 0 0 0 0 0 0 9 9 19 20 20 
2.45 2.84 2.84 2.86 2.42 2.42 2.425 19 20 18 19 16 5 2 0 0 0 0 I 1 3 18 17 19 18 
2.45 2.855 2.858 2.85 2.42 2.42 2.41 20 19 19 19 17 7 0 1 0 0 0 0 1 3 16 18 17 19 
2.55 c ~ t r  2.91 2.92 2.91 2.515 2.518 2.502 19 19 19 20 18 12 5 0 I 0 0 0 0 1 7 14 18 18 
2.55 2.935 2.912 2.918 2.535 2.535 2.53 20 16 19 18 17 9 2 0 0 0 0 0 0 1 7 17 17 19 
2.55 2.91 2.915 2.925 2.53 2.53 2.52 19 19 20 21 18 1 1  7 1 0 0 0 0 0 1 9 10 18 20 
2.55 2.918 2.91 2.91 2.525 2.515 2.52 19 19 20 21 17 7 5 2 0 0 0 0 1 1 11 14 17 20 
2.35 - l a  2.74 2.755 2.74 2.305 2.31 2.31 20 19 19 18 13 1 I 0 0 0 1 0 2 7 19 19 20 20 
2.35 Off 2.75 2.75 2.74 2.31 2.305 2.3 19 20 18 20 I2 2 0 0 0 0 0 2 0 8 18 20 20 20 
2.35 Off 2.76 2.75 2.75 2.3 2.3 2.3 19 19 18 19 19 2 2 I 0 0 I 2 I 1 17 16 18 20 
2.35 Off 2.75 2.755 2.75 2.31 2.3 2.295 19 20 19 16 18 4 1 0 0 0 0 I I 1 16 17 19 20 
2.35 Off 2.75 2.755 2.755 2.3 2.3 2.295 19 20 18 17 17 5 1 0 0 0 0 2 2 2 15 I5 19 17 
2.35 Off 2.735 2.74 2.74 2.3 2.29 2.29 19 19 20 20 18 5 0 0 0 0 1 0 0 2 16 19 19 20 
2.35 Off 2.74 2.745 2.75 2.295 2.3 2.28 19 18 20 19 16 5 0 0 0 0 1 0 1 4 16 20 20 19 
2.45 Off 2.815 2.815 2.82 2.4 2.405 2.395 18 I9 20 16 17 7 3 0 0 0 0 0 1 3 13 12 20 20 
2.45 Off 2.825 2.82 2.82 2.415 2.41 2.41 20 18 20 19 19 4 4 0 0 0 2 0 0 1 16 12 20 20 
2.45 ^ff 2.82 2.835 2.835 2.415 2.415 2.4 19 19 20 19 16 3 3 2 0 0 0 0 1 3 17 17 18 1 9 ,  
2.45 f f 2.83 2.84 2.83 2.415 2.415 2.41 19 20 20 20 17 4 2 I 0 0 0 0 0 2 16 18 19 20 
2.45 ff 2.84 2.825 2.835 2.415 2.41 2.405 19 18 19 19 15 6 2 0 0 0 2 I 1 4 14 17 20 20 
2.45 f f 2.825 2.82 2.82 2.405 2.41 2.405 20 20 19 20 15 3 1 0 0 0 0 1 0 4 18 19 20 19 

$C 2.45 2.82 2.82 2.82 2.42 2.415 2.41 20 20 19 20 17 7 1 I 0 0 0 0 0 3 13 19 19 19 
2.55 2.92 2.91 2.91 2.51 2.49 2.505 20 20 20 19 16 9 2 2 1 0 0 0 1 4 11 18 18 19 
2.55 2.89 2.89 2.905 2.5 2.5 2.5 20 20 20 19 17 8 3 2 0 0 0 0 1 3 13 17 19 20 
2.55 2.91 2.905 2.915 2.505 2.5 2.5 16 20 17 19 19 9 5 2 0 0 0 0 0 1 10 14 18 18 
2.55 2.91 2.91 2.91 2.505 2.5 2.5 16 19 18 19 18 8 9 0 0 0 0 0 0 2 9 10 20 15 
2.55 utt 2.92 2.905 2.91 2.495 2.5 2.49 16 19 18 19 19 10 7 3 1 0 0 0 0 1 9 I2 17 18 
2.55 Off 2.92 2.925 2.925 2.515 2.525 2.52 20 18 19 18 20 11 7 2 0 0 0 0 1 0 9 12 18 20 
2.55 Off 2.91 2.91 2.92 2.515' 2.515 2.51 20 19 18 19 19 8 4 2 0 0 0 0 1 1 10 16 18 20 
2.45 Off 2.81 2.8 2.79 2.405 2.4 2.4 20 20 20 19 17 6 4 1 0 0 0 0 1 3 14 16 19 19 
2.45 Off 2.64 2.61 2.62 2.42 2.42 2.425 20 18 19 18 17 2 1 1 0 0 1 I 2 3 20 17 19 19 
2.45 Off 2.625 2.61 2.615 2.45 2.44 2.43 20 20 17 17 17 4 3 0 0 0 0 3 3 3 16 17 20 20 
2.45 Off 2.595 2.605 2.595 2.435 2.45 2.435 20 19 19 19 17 2 1 0 0 0 0 I 1 3 18 19 20 20 
2.45 Off 2.6 2.6 2.595 2.445 2.44 2.435 19 19 19 19 16 2 0 I 0 0 1 I 1 4 20 18 19 20 
2.45 Off 2.82 2.81 2.8 2.42 2.43 2.42 19 18 19 20 18 6 3 0 0 0 0 I 0 2 I5 16 20 20 
2.45 Off 2.64 2.64 2.65 2.44 2.42 2.435 19 17 20 20 18 8 2 0 0 0 0 1 0 2 14 16 20 20 
2.45 Off 2.635 2.63 2.62 2.445 2.45 2.445 19 17 21 I9 19 4 2 1 0 0 0 0 0 1 18 16 19 20 
2.45 Off 2.595 2.61 2.6 2.45 2.45 2.45 19 17 21 17 17 1 1 2 0 0 0 0 2 3 21 17 18 20 
2.45 n f g  2.615 2.605 2.59 2.465 2.47 2.45 18 17 16 16 16 2 0 0 0 0 0 0 2 2 20 18 20 20 
2.45 2.79 2.805 2.79 2.415 2.415 2.41 20 20 20 20 17 6 6 0 0 0 0 0 1 5 15 15 20 20 
2.45 2.645 2.645 2.635 2.42 2.42 2.425 21 17 24 20 20 6 2 0 0 0 4 0 1 2 17 17 19 20 
2.45 2.61 2.6 2.61 2.44 2.445 2.43 21 20 23 19 20 6 2 0 0 0 0 0 1 2 15 17 19 21 
2.45 2.57 2.6 2.59 2.44 2.43 2.435 21 19 24 17 19 4 0 0 0 0 2 0 4 3 19 19 19 20 
2.45 Off 2.6 2.575 2.6 2.45 2.45 2.45 21 18 24 17 19 2 1 1 0 0 3 0 3 3 20 18 18 20 



2.35 Top 1 2.695 2.681 2.68 2.315 2.31 2.305 18 13 - 4 - 0 0 0 0 1 6 - I5 - 20 20 20 20 
2.35 TOP 2 2.59 2.589 2.59 2.34 2.315 2.33 18 6 - 0 - 0 0 0 0 1 13 - 19 - ,  20 20 20 20 
2.35 TOP 3 2.44 2.43 2.439 2.37 2.37 2.37 16 3 - 0 - 0 0 0 0 2 17 - 19 - .  20 20 20 20 
2.35 Top 4 2.38 2.38 2.39 2.37 2.37 2.369 14 6 3 4 - 0 0 0 0 6 14 17 16 - 20 19 20 20 
2.35 Tor, 5 2.42 2.41 2.42 2.355 2.36 2.362 15 8 3 2 - 1 0 1 0 5 12 17 17 - 19 20 19 20 
2.35 Top 6 2.495 2.485 2.49 2.33 2.33 2.32 14 6 4 9 - 0 0 1 1 6 13 16 10 - 20 20 19 20 
2.45 Top 1 2.815 2.82 2.81 2.425 2.415 2.42 20 19 21 17 11 5 0 1 0 0 0 I 2 6 16 20 18 19 
2.45 Top 2 2.775 2.778 2.78 2.44 2.43 2.43 20 20 18 13 5 0 0 0 0 0 0 3 6 13 18 20 18 20 
2.45 Top 3 2.66 2.662 2.655 2.465 2.46 2.465 20 19 17 16 I 0 0 0 0 0 1 2 3 16 19 20 19. 19 
2.45 Top 4 2.57 2.56 2.57 2.48 2.47 2.475 19 18 10 10 0 0 0 0 0 0 3 8 9 17 19 22 19 18 
2.45 Top 5 2.525 2.52 2.52 2.485 2.485 2.48 19 I5 14 11 7 2 1 0 I 0 4 6 8 11 18 18 20 18 
2.45 Top 6 2.53 2.54 2.545 2.475 2.472 2.478 19 18 13 13 12 2 3 4 0 2 4 7 7 7 18 18 14 19 
2.55 Top I 2.91 2.89 2.88 2.54 2.535 2.54 20 20 18 19 17 6 3 1 0 0 0 0 0 2 10 17 17 19 
2.55 Top 2 2.85 2.86 2.855 2.551 2.54 2.55 20 19 17 18 14 2 0 1 0 0 0 2 1 5 16 18 17 19 
2.55 Top 3 2.705 2.715 2.71 2.58 2.575 2.568 19 20 15 I5 12 I 1 0 0 0 0 3 5 8 18 19 20 20 
2.55 Top 4 2.635 2.638 2.64 2.6 2.585 2.585 19 18 18 I2 9 1 0 I 0 0 0 1 7 10 18 20 19 19 
2.55 Top 5 2.605 2.6 2.59 2.59 2.59 2.585 19 - 12 16 16 4 6 5 4 1 - 1  5 4 4 17 12 I5 15 
2.55 Top 6 2.685 2.67 2.67 2.58 2.58 2.58 12 13 14 13 12 6 5 5 2 7 6 5 7 7 12 12 15 17 
2.35 Top 1 2.72 2.72 2.715 2.315 2.31 2.31 20 17 16 I4 7 0 0 0 0 0 3 3 6 13 20 20 20 20 
2.35 Top 2 2.65 2.645 2.65 2.345 2.34 2.335 20 7 11 3 1 0 0 0 0 0 13 9 17 20 20 19 20 20 
2.35 fop 3 2.49 2.5 2.5 2.34 2.345 2.34 20 4 4 3 1 0 0 0 0 0 16 16 17 20 20 20 20 19 
2.35 f o p  4 2.41 2.41 2.41 2.47 2.355 2.36 17 5 6 3 1 2 1 1 0 3 I5 14 17 19 17 19 19 20 
2.35 Top 5 2.42 2.415 2.41 2.36 2.36 2.35 16 7 9 8 4 1 1 0 0 3 13 11 12 16 19 19 20 20 
2.35 Top 6 2.51 2.51 2.51 2.35 2.34 2.35 13 10 10 12 5 3 1 I 0 6 8 I0 6 I5 16 19 18 19 
2.35 Top 1 2.67 2.68 2.68 2.32 2.31 2.3 19 17 20 17 13 0 0 0 0 0 3 0 2 6 20 20 19 17 
2.35 Top 2 2.63 2.625 2.61 2.34 2.34 2.315 19 - 16 13 4 1 0 0 0 0 - 4 6 16 16 20 20 20 
2.35 Top 3 2.475 2.47 2.48 2.35 2.34 2.34 18 - 10 2 1 1 0 0 0 1 - 10 17 18 20 20 20 20 
2.35 Top 4 2.425 2.42 2.41 2.37 2.36 2.355 19 - 12 5 1 0 0 0 0 0 - 8 14 19 20 20 20 20 
2.35 Top 5 2.41 2.4 2 . 4 0 5 . 2 . 3 7  2.375 2.375 16 11 10 6 2 4 0 0 0 2 8 10 13 18 16 20 20 20 
2.35 Top 6 2.5 2.505 2.52 2.35 2.345 2.34 11 - 1  12 10 8 1 0 1 0 8 - 8 10 12 20 20 19 20 
2.45 Top 1 2.78 2.79 2.79 2.42 2.42 2.41 19 18 18 18 13 1 0 0 0 0 2 I 1 7 18 16 19 20 
2.45 Top 2 2.72 2.72 2.715 2.43 2.43 2.43 19 - 17 15 5 0 0 0 0 0 - 2 4 I5 20 I5 19 20 
2.45 Top 3 2.57 2.565 2.57 2.45 2.445 2.455 18 - 12 13 4 0 0 0 0 0 - 7 6 16 20 16 19 20 
2.45 Top 4 2.5 2.485 2.5 2.47 2.46 2.46 18 - I2 13 8 1 1 0 0 0 - 8 7 I2 19 17 19 I8 
2.45 Top 5 2.54 2.52 2.53 2.465 2.44 2.44 16 14 13 8 9 5 0 I 2 4 6 7 I2 11 15 19 18 18 
2.45 Top 6 2.54 2.545 2.54 2.46 2.45 2.445 18 14 13 1 1  14 7 3 6 2 2 6 7 9 6 13 15 14 18 
2.45 Top I 2.81 2.8 2.81 2.425 2.415 2.42 17 19 17 17 13 1 0 0 0 0 0 0 0 7 18 20 19 17 
2.45 Tor, 2 2.695 2.69 2.69 2.43 2.425 2.43 18 - 13 9 6 0 0 1 0 0 - 7 11 14 20 20 19 19 
2.45 Top 3 2.55 2.55 2.56 2.46 2.46 2.455 18 - 1 1  11  4 0 0 I 0 0 - 9 9 16 20 18 19 19 
2.45 Top 4 2.5 2.5 2.5 2.46 2.48 2.46 16 - 12 12 6 3 1 0 0 2 - 8 8 14 17 17 20 18 
2.45 f o p  5 2.54 2.55 2.54 2.46 2.465 2.46 19 13 12 12 I2 5 1 I 0 0 7 8 8 7 16 19 18 19 
2.45 Top 6 2.57 2.56 2.56 2.46 2.46 2.455 13 17 14 14 12 4 10 7 8 7 3 5 6 7 16 10 I2 I 1  
2.55 Top I 2.89 2.885 2.88 2.51 2.505 2.51 20 20 18 20 16 5 4 0 0 0 0 0 0 4 15 16 20 20 
2.55 Top 2 2.77 2.75 2.75 2.52 2.53 2.525 20 16 18 17 12 0 I I 0 0 4 1 3 9 20 19 20 20 
2.55 Top 3 2.62 2.61 2.61 2.55 2.55 2.55 20 15 13 17 11 0 0 0 0 0 5 6 3 11 20 19 20 20 

4 2.56 2.575 2.565 2.56 2.55 2.55 19 - 17 I5 10 7 2 2 2 1 - 3 5 10 13 17 19 18 
2.55 2'55 Top 5 2.665 2.655 2.655 2.545 2.52 2.55 19 I5 17 14 I5 7 5 6 0 1 5 3 6 5 13 14 14 20 
2.55 Top 6 2.65 2.63 2.64 2.55 2.545 2.55 I2 16 19 15 I2 10 12 10 8 7 4 1 5 9 10 7 10 12 
2.55 Top 1 2.91 2.91 2.9 2.53 2.53 2.515 20 20 20 19 19 7 4 1 0 0 0 0 1 0 13 16 17 18 
2.55 Top 2 2.85 2.83 2.84 2.54 2.535 2.53 20 18 19 19 17 0 0 2 0 0 0 0 0 2 20 19 16 18 
2.55 Top 3 2.68 2.665 2.665 2.555 2.555 2.565 20 18 19 19 I5 1 1 2 0 0 0 0 1 5 20 19 18 19 
2.55 Top 4 2.605 2.6 2.61 2.58 2.58 2.56 19 14 19 16 16 5 2 3 2 0 2 2 4 4 I5 18 17 17 
2.55 Top 5 2.6 2.64 2.62 2.57 2.565 2.57 19 - 18 15 14 11 5 7 0 1 - 2 5 6 8 15 1 1  19 
2.55 Tap 6 2.665 2.665 2.67 2.56 2.56 2.54 13 - 14 I5 11 10 11 8 5 7 - 5 4 9 9 10 12 15 
2.35 Middle 1 2.673 2.675 2.678 2.34 2.34 2.342 17 18 17 12 - 0 0 0 0 0 1 3 8 - 20 20 20 17 
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BASE LINE TESTS - WlTHOUT MAGNETIC f IELD 

SOLENOID SETTING: 

TEST 1 -WITH CLAY ORE 

TEST 2 -WITH GLAY ORE 

SEA WATER DENSITY - MANUAL ksn 
FESI INLET DENSllY - MANUAL ken 
FESl INLET D€NSITY - AUTO ksn 
FESl UNDERFLOW DENSITY - MANUAL kan 
FESl OSRFLOW DENSITY - MANUAL kgn 

TAILINGS MASS - MANUAL ks 
CONCENTRATE MASS - MANUAL ka 
EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO Wa 
YIELD % 

;(,;[;i.~$+:.!;<;j&:. -:+; >;&-> . ?-, ,-f";,, > .  . ,:<,,r $5.: ..Y& ;,., :, 5, ." ; . >:,... . /..-, ., -;-.. .:.- :..&qd 
.:.:..:,zc:4.:qe;? ~ ~ ~ 3 ~ 2 ~ ~ . ; @ ~ ~ @ ~ ~ : ~ ~ ~ ~ : ~ ~ ~ ; ~ ~ - 5 v 2 L ~ s ~ ~ ~ ~ ,  
..?, , ::<... *-. .,.*!*+.?., r;, . :.5.?':".7$.<+.-17 -. -;J ==;3ri - . .. - 

TEST 3 -WITH MEDIUM FEED ALONE 

1.03 

2.6 2.61 2.63 I 2.6? 

2.62 26 2.61 I 2.61 

3.22 3.2 3.21 1 3.21 

2.68 2.7 272 L 2.70 

109 
0.32 0245 

0.05 

3.17 

100 

029 0.22 

SEA WATER DENSITY - MANUAL W 
FESl INLET DENSITY - MANUAL W 
FESl INLET DENSITY - AUTO k d  
FESl UNDERFLOW DENSITY - MANUAL kM 
E S I  OVERFLOW DENSITY - MANUAL W 
TAILINGS MASS - MANUAL b 
CONCENTRATE MASS - MANUAL ka 
EP 
CUT POINT DENS!TY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

1.03 
2.59 2.6 2.6 t 2.m 
2 6  261 259 I 2.60 
3.14 3.18 3.16 t 3.T6 
2.64 268 2.7 I 267 
133 

0.245 0.10 
0.W 

3 3  

100 
0.18 0.14 

; 
., . =- * .G ,  

NUMBER OF TRACERSADDSl AT MIXING BOX 10 10 10 10 10 10 10 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 to 9 5 1 0 0 
NUMBER OF TRACERS l?K;OVERED IN CONCENTRATE 0 0 1 5 9 I 0  10 
% TO CONCENTRATE 0 0 10 50 90 100 100 - 

SEA WATER DENSITY - MANUAL kan 
FESl INLET DENSITY - MANUAL ken 
FESl INLET DENSITY - AUTO ken 
FESl UNDERFLOW WIN - MANUAL W 
FESl OVERFLOW DENSITY - MANUAL W 
TAILINGS MASS - MANUAL kg 
CONCENTRATE MASS - MANUAL ks 
EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kF'a 
YIELD % 
).,... .->&v~*.**Ay..<',G~7::z<7'--.- 2.  .*...:> L~~= . . ' : ; , < -< -~~ . .~~~ ,~>~ ;~>~  ,.*- .,.:,~.. - 
; .;jjFL-;z;f;~y;~fq~~k:. . ~ ~ & : ~ s - s - s -  2;".:-<,;9.;f,~:.:,:3:-.~ 
.,:,-..*:<:?.' .*, -';: ;:.:*,,,< ..' :.,, -. ,, .;,, ;-, ..,, s; ,, ; ,. ,.; ;*:y:7. ::*,:?<e;c.;:. 
NUMBER OF TRACERS ADDED AT MIXING BOX 
NUMBER OF TRACERS RKX)VERED ON FLOAT SCREEN 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

;k 8 ~ 0 ~ .  . .  .%; .. 
Fcs=X2, 

10 

5 

5 

NUMBER OF TRACmS ADDED AT MIXING BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 

% TO CONCENTRATE 

2.6 264 2.63 . 1 262 
2.57 259 2 6  I 2.59 
3.35 , 3.32 3.37 I 3.35 
270 2.73 2.73 = 2.22 

0.03 

3.17 

100 

. : ~ ~ : + ~ ; . C . & ~ > i z ~ ~ ~ ~ $ ~ ;  wb.$:,~y;~;izLi's~;+;:<e&~.-;,:;.,M-~ , Y'.Dr.f$? :i:y:". ~NU:.&f4~0pWGE;i 34~5?& =.$& : 
?;-& 5 s:??; - 

10 10 10 10 10 10 10 
10 10 9 3 0 0 0 
0 0 1 7 10 10 10 
0 0 10 70 100 100 100 

.D.. BRDWF~ 
$;GL~,~.- 

10 10 10 

0 0 0 

4 0 10 10 
I00 1W 100 

~ L O W . ~ - : J ~ : < ~ ~ ~ : : . : .  ...:I 
3*-cj.b. 

10 

10 

0 

10 

10 

0 

0 

G R E ~  ,-, >.... 

SG-S..fi ~. 
10 

7 

3 

. 0 ! 3 0 . 9  



SOLENOID IN TOP POSITION 

SOLENOID SETTING: 1 A 

TEST 4 -WITH ORE FEED 

TEST 5 -WITH ORE FEED 

SEA WATER DENSITY - MANUAL W 1.03 
FESl INLET DENSITY - MANUAL kgA 2.66 2.65 2.66 - 265 - 
FESl INLET DENSITY - AUTO kSn 2.61 262 262 - 2.62 - 
FESl UNDERFLOW DENSITY - MANUAL kSn 3.05 3 298 1 3.01 
FESl OVERFLOW DENSITY - MANUAL ksn 269 2.74 2.74 - 272 - 
TAILINGS MASS - MANUAL kg 1M) 
CONCENTRATE MASS - MANUAL kg 0.271 0.266 I 

EP 0.02 
CUT POINT DENSITY 3.14 

CYCLONE INLET PRESSURE - AUTO lrPa 100 
YIELD 

NUMBER OF TRACERS ADDED AT MlXlNG BOX 10 10 10 10 10 10 10 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 8 I 0 0 0 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 0 0 2 9 10 10 10 
% TO CONCENTRATE 0 0 20 90 100 100 100 

-- 

1.03 

2.62 2.64 2.63 - 2.m - 
2.6d 2.64 2.63 = 2.64 

3.17 3.22 3.07 - 3.7 6 - 
2.66 2.68 2.68 - 267 - 
116 

0.496 0.476 

0.04 I 

3.23 I 

100 

0.43 0.41 

< ~ ~ & ~ ~ ~ ~ 5 ~ ~ & " & < ~ $ j ;  aREEM-LcL'.L. Bmm J )  B W N - F r " '  ,PINK j:-c? , . . ..5:..:::: .... q;..e.;.y .<. ,!? :.>r<c*,i~;<<-=-..! -:<.< ..+&';:.:7<,, , , 

" ':-.- . ., ... ..,: .. . , 1. -:: 
= 3.47;:.'S='* 3.53 

. . s ~  2.$x$150g3.0- .f?;sG =J.?? <:fzi- JJ!<~. '.% -.' "-'."" - '~"  

10 10 10 10 10 10 10 

10 10 10 6 2 0 0 

0 0 0 4 8 10 10 

0 0 0 40 80 100 100 

SEA WATER DENSIN - MANUAL k g  
FESl INLET DENSITY - MANUAL k g  

FESl INLET DENSITY - AUTO kSn 

TEST 6 -WITH MEDIUM FEED ALONE 

I 

FESl ~NDERFLOW DENSITY - MANUAL ken 
FESl OVERFLOW DENSITY - MANUAL ksn 
TAlLlNGS MASS - MANUAL kg 

CONCENTRATE MASS - MANUAL kg 

EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 

YIELD % 
. .., .. . 

'." -<>? ::i5:i,;:,- ,.?:-?.,. ,.. , . . .- , 
. . 

--- . - . + ~ ~ ~ ~ - ~ ~ ~ ~ ~ g ~ ~ - '  :ii~5:,?:~'~,~~~$.<;5~.3;~~~.~~~~~~~i~~;~$;2::;e.~ -hd. >.; 
. - .-LT ,.!,,. Z:.<~~.Y;.,.. ..;. 

, , , . . , . : :  . . 

NUMBER OF TRACERS ADDED AT MWNG BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 

% TO CONCENTRATE 

SEA WATER DENSW - MANUAL W 
FESl INLET DENSITY - MANUAL kq/l 
FESl INLET DENSITY - AUTO k d  
FESl UNDERFLOW DENSITY - MANUAt W 
FESl OVERFLOW DENSITY - MANUAL ksn 
TAILINGS MASS - MANUAL kg 
CONCENTRATE MASS - MANUAL kg 

EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO 16a 

-. YIELD % 
- 5- ,,*:&; % * . p ~ 2 ~ ~ ~ - & T J ~ ~ * : ~ - * ; ; ~ ; / < a :  -+;*<-:-, ,-7 , k:'--?< : . *.. ,---. -." , - :- - , f . ,- ,. . , ,. -. ;77?< . :-..:3-,~:. * 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 
NUMBER OF TF3CERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 
7 

1.03 
2.63 263 264 - 263 
2 6  263 262 - 262 - 
3.06 3.08 3.06 - - 3.07 
268 2.66 269 - 268 - 

0.03 

3.18 

100 

.y-L iTF;BUIE' ' tj' OREEWt-Cs B R O W M = a D r ~ ~ - ; e ;  .PJW:c-;. ORANGE . --= '+Cggi3.0 :- ga=31$' .*IJ~>' s G ~ ~ . ~ - . , ' s G = ~ A  * i -~=3 .53 . :  
-10 10 10 I 0  I 0  10 to 

10 10 9 4 0 0 0 
0 0 1 6 I 0  10 10 
0 0 10 60 100 100 100 



SOLENOlD SETTING: 

TEST 7 -WITH ORE FEED 

TEST 8 -WITH ORE FEED 

SEA WATER DENSITY - MANUAL ksn 
FESl INLET DENSrPl - MANUAL kgn 

FESl INLET DENSITY - AUTO kSn 

FESI UNDERFLOW DENSITY - MANUAL b'l 
FESl OVERFLOW DENSrrY - MANUAL k g  

TAiLlNGS MASS - MANUAL kl 
CONCENTRATE MASS - MANUAL k9 

EP 
CUT WtNT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

1.03 

265 264 2.63 - 2.64 - 
264 2.61 2.63 - 2.63 - 
2.83 2.87 2.86 - 2.85 

2.67 2.69 268 - 2.68 - 
170 

0.295 0.285 

0.03 

3.1 8 

100 

0.17 0.17 

TEST 9 -WITH MEDIUM FEED ALONE 

, . . s  .... 
BROW s $  . PtNK :. ... : I. ORANOE 

r .  .,/ = 32: 2:. = 3.3. -*?<:* i 3.4,I.T L 3.53 

NUMBER OF TRACERS ADDED AT MIXING BOX 10 1 0  10 10 10 I 0  10 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 9 4 0 0 0 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 0 0 1 6 10 10 10 
% TO CONCENTRATE 0 . ,  0 10 60 100 100 100 

SEA WATER DENSITY - MANUAL kSn 
FESl INLET DENSITY - MANUAL kSn 
FESI INLET DENSITY - AUTO ksll 
FESI UNDERFLOW DENSITY - MANUAL k4/1 
FESl OVERFLOW DENSITY - MANUAL k d  
TAILINGS MASS - M4NUAL kg 
CONCENTRATE MASS - MANUAL kg 

EP 
CUT POINT DENSTTY 

CYCLONE INLET PRESSURE - AUTO Wa 
YlElD % 

1.03 
2.61 2.M 2.64 - 2.63 
2.63 265 2 . a  - 2.64 - 
2.9 291 3.11 - 297 - 
2.65 2.61 2.66 - 2.64 
84 

0.045 0.335 
0.03 

3.13 

100 
0.05 0.40 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 7 1 0 0 0 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 0 0 3 9 10 10 10 
% TO CONCENTRATE 0 0 30 90 100 100 100 

SEA WATER DENSITY - MANUAL bfl 
FESl INLET DENSITY - MANUAL kan 
FESl INLET DENSITY - AUTO ksn 
FESI UNDERFLOW DENSITY - MANUAL W 
FESI OVERFLOW DENSITY - MANUAL ksn 
TAILINGS MASS - MANUAL k9 
CONCENTRATE MASS - MANUAL ks 
EP 
CUT POINT DENSllY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

1.03 
264 2.66 2.66 2.65 
265 262 264 I 2M 
276 276 271 - 274 - 
267 267 267 - 2.67 - 

0.00 

3.12 

100 

,-m.Ky,'= -: w?, - ;*gREEN;z . . r -  BROWN--p.~':_ PINq,>G=: CWwGE* 
, - ,> - I-- < * ..:*. ' ' SG-2.S :'SQ=BXJ'. - 5G~3.1~ SG *32-- .SOt.3.3--- sO~3.4 '  Saa3.53' 

NUMBER OF TRACERS ADDED AT MIXING BOX 10 10 10 10 10 10 10 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 9 0 0 0 0 
NUMBEROFTRACERSRECOVEREDINCONCENTRATE 0 0 1 10 10 10 10 
% TO CONCENTRATE 0 0 10 100 100 100 100 



SOLENOID SETTING: 

TEST 10 - WITH ORE FEED 

TKG~TER  DENS^ , 
w 

- MANUAL W 1.03 
FESl INLET DENSITY - MANUAL kgfl 2.63 2.62 262 - 2.62 - 
FESl INLET DENSITY - AUTO W 2.62 2.61 2.61 - 2.61 - 
FESl UNDERFLOW DENSITY - W U A L  kgfl 2.94 2.9 2.92 - 2.92 
FESl OVERFLOW DENSITY - MANUAL k d  267 2.68 266 - 2.67 
TAlLlNGS MASS - MANUAL kg 156 
CONCENTRATE MASS - MANUAL b 0.295 0.286 

EP. - 0.04 
'CUT POIM DENSlPl 3.12 
1 
,CYCLONE INLET PRESSURE - AUTO kPa 100 
MELD % 0.1 9 0.48 

. . ~~' . ;3 .1  -' SG= 32 . -'%'- 3.3 
NUMBER OF TRACERS ADDED AT MIXING BOX 10 10 10 10 10 10 10 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 4 2 0 0 0 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 0 0 6 8 10 10 10 
% TO CONCENTRATE 0 0 60 80 100 100 100 

TEST 11 -WITH ORE FEED 

SEA WATER DENSITY - MANUAL k d  

FESl INLET DENSllY - MANUAL ksn 
FESl INLET DENSITY - AUTO W 
FESl UNDERFLOW DENSITY - MANUAL k g  

FESl OVERFLOW DENSTY - MANUAL k g  
TAILINGS MASS - MANUAL b 
CONCENTRATE W S  - MANUAL ks 
EP 

1.03 

264 262 266 - 264 

2.62 2.W 261 - 2.62 - 
286 2.92 289 - 289 - 
269 2.63 262 - 2.65 - 
82 

0.195 0.185 

0.01 

CUT POlM DENSITY 3.1 0 

CYCLONE INLET PRESSURE - AUTO 16a 100 
MELD % 0.24 0.23 

NUMBER OF TRACERS ADDED AT MlXlNG BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 6 0 0 0 0 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 0 0 4 10 10 10 I 0  

% TO CONCENTRATE 0 0 4 0  100 100 100 100 



SOLENOID SETTING: 

TEST 12 -WITH ORE FEED 

TEST 13 -WITH ORE FEED 

1.03 

2 6  2.62 2-61 - 2.61 - 
2.64 2.58 2.67 - 2.60 - 
2.87 3.04 3.1 3 - 3.01 - 
2.64 2.65 2.64 P 264 

76 
0.16 0.14 

0.06 

3.16 

$00 

0.20 0.19 

*'u&c;b:> 
, . , : +.-- ;2~c?~~::~.$yF.:.~ r̂B ,,&ijE;c$i,~~~~,i2e .:.,,: $ .:,:. ,:, .;,*.:,.K~ L. SRDv\R?I G;~,+,. :ge . . ~ ~ 0 ~ , ~ 6 ~ $ ; ~ f l l c i ; i j ~ + ~  .. ... ..< - .x;+,., ORAFSOE 
. ~ G ~ : ~ ~ . ; ~ ~ : S G = ~ . O * : : . ~ G ~ ~ . ! ~ @ S G  .ic3.2-r~::SG=3.3.5i3SG=3T4i-...SO*3.S 

. . I  

10 10 10 10 10 10 10 

10 10 8 1 2 0 0 

0 0 2 9 8 10 10 

0 0 20 90 80 100 100 

SEA WATER DENSITY - MANUAL kan 
FESI INLET DENSITY - MANUAL W 
FESI INLET DENSITY - AUTO W 
FESl UNDERFLOW DENSITY - MANUAL kSn 

FESl OVERFLOW DENSITY - MANUAL k g  
TAIUNGS MASS - MANUAL b 
CONCENTRATE MASS - MANUAL b 
EP 
CUT POINT DENSITY 

1 CYCLONE INLET PRESSURE - AUTO kPa 
% 

-&,5,.iiEi ,...,, hi; /-..: .n.,.,. -..',' ,. ...< :..-?>-<',:#.iJ:*.:, .>, .. ,.. :: 
,; .,~eyc.;:2>,;~;+~yK.~;7~ t ; + j ~ - : w < ~ ~ ~ < . ~ g ~ i ~ m ~ 9 ~ c E R : T E s T E u T  
,--, i,~y,y.~~z. L . ,75+::-: . -rG* <:,y;;.:; ,+.::; . , ~ ~ ~ . ~ - . . ; ~ ; . + ~ ~ ~ c ~ ~ . -  , .  ..%-.,:..,,,.., T..37+.%. 12: 

TEST 14 - WlTH MEDIUM FEED ALONE 

' 

1 

NUMBER OF TRACERS ADDED AT MKING BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 

% TO CONCENTRATE 

I 

i 
1 

SEA WATER DENSITY - MANUAL W 
FESl INLET DENSITY - MANUAL ksn 
FESl INLET DENSllY - AUTO ksn 
FESl UNDERFLOW DENSITY - MANUAL kg 
FESI OVERFLOW DENSITY - MANUAL W 
TAILINGS M S S  - MANUAL k3 
CONCENTRATE MASS - MANUAL k3 
EP 
CUT POINT DENSIN 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD W 

NUMBER OF TRACERS ADDED AT MWNG BOX 10 10 10 10 10 10 f 0 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 10 6 0 0 0 0 
NUMBEROFTRACERSRECOVEREDlNCONCENTRAfE 0 0 4 10 10 10 10 
% TO CONCENTRATE 0 0 40 100 100 100 I00 

- 
1.03 
2.64 2.63 263 - 2.63 - 
261 2.62 2 6  - 2.61 - 
3.02 3.01 3.03 - 3.02 
2.73 2.72 2.76 - 2.73 - 
97 

0.865 0.285 
0.01 

3.10 

100 
0.89 0.29 

SEA WATER DENSITY - MANUAL 1.03 
FESI INLET DENSITY - MANUAL W 
FESl INLET DENSITY - AUTO ksn 
FESl UNDERFLOW DENSITY - MANUAL ksll 
FESI OVERFLOW DENSITY - MANUAL W 
TAUNGS MASS - MANUAL kg 
CONCENTRATE MASS - MANUAL ks 
EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

2.63 2.64 263 - 2.63 - 
2.61 2.62 2.6 s 2.61 
273 2Y3 273 - 273 - 
2.6 2.59 2.59 - 269 - 

0.01 

3.10 

100 

- .  < J  L;;-~5"vs~*<&&r~.~g&~ -;>:Z:+ ;;,,* s , . . 
,. - z * d 

:>;,-C~=.?; z *-, _ = r - < , ~  & -- 9' B W E - : ~ + ~ & 6 ~ , ~  L s o z r r r  , <I). - .< P I - :  ?,ofwU3E 
. +:' --4: %"v 2 . 9 , ~ '  SGr3.0 .-. s y i i s G = 3 . 4  "-SO-3.53~ 

NUMBER OF TRACERS ADDED AT MIXING BOX 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 
NUMBER OF W C E R S  RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

10 10 10 10 10 10 10 
10 6 6 0 0 0 0 
0 0 3 10 10 10 10 
0 0 30 100 100 100 1QO 



SOLENOID IN MIDDLE POSITION 

SOLENOID SETTING: 1 A 

TEST 15 WITH ORE FEED 

SEA WATER DENSITY - MANUAL kgfl 

FESl INLET DENSW - MANUAL kM 
FESl IGLET DENSrrY - AUTO kS'l 

FESI UNDERFLOW DMSITY - MANUAL @ 
FESl OVERFLOW DENSITY - MANUAL ksn 
TAILINGS MASS - MANUAL b 
CONCENTRATE MASS - MANUAL b 
EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

I I _  C,. .' , _ - 
, ,,. -. +., - - - - -  ' TRA~TESTRE'SUL~S~., . J ,  - , _ - 

NUMBER OF TRACERS ADDED AT MlXlNG BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 

% TO CONCENTRATE 

TEST 17 -WITH MEorUM FED ALONE 

I .03 

2 Q  2.64 265 - 2 64 

261 2.62 261 I 2.61 

288 2.82 2.91 = 287 

274 277 2.75 I 275 

0.01 

3.19 

100 

. ~ m  ;, am ' GREEN- L WWN D BROWN , RNK - WNCIE - .. - 

-5 ;=29  * SG=%O SGz3.1 - SO:&3, &3,4 -'50;3.33 

10 10 10 10 10 10 10 

10 t 0 10 3 0 0 0 

0 0 0 7 I 0  10 I 0  

0 0 0 70 lob 100 100 

SEA WATER DENSITY - MANUAL k g  
FESl INLm DENSm - MANUAL ksn 
FESl INLET DENSITY - AUTO ksn 
FESl UNDERFLOW OENSITY - MANUAL kyn 
FESl OVERFLOW DMSrrY - MANUAL k9n 
TAlLlNGS MASS - MANUAL kg 
CONCEMRATE MASS - MANUAL b 
EP 
CVT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

263 2 W  263 I 2.63 
2 6  2.61 262 I 2.61 
298 2.99 2.99 I 2.99 
274 2.75 274 I 2.74 

0.01 

320 

100 

NUMBER OF TRACERS ADDED AT MWNG BOX I 0  10 10 10 10 10 10 
NUMBEROFTRACERSRECOVEREOONFLOATSCREEN 10 I 0  10 6 0 0 0 
NUMBER OF TRACERS RECOVERED IN CONCENTRAT€ 0 0 0 4 I 0  10 10 
% TO CONCENrRATE 0 0 0 40 1M1 lU0 1M) 

SEA WATER DENSflY - MANUAL bl 
FESl INLET MNSrrY - MANUAL k4n 
FESl INLET DENSW . AUTO ksn 
FESI UNDERFLOW DMW - MANUAL kfl 
FESI OVERFLOW DENSITY - MANUAL ksn 
TAILINGS MASS - MANUAL ks 
CONCENTRAE MASS - MANUAL kg 

EP 
CVTPOlKl DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 
,;-<,> .,-;: .:y..>-g;>;$-?.: ..... '?,...>,~, ;?.: , :+;. .-3 .A?> - /. T..,. *,.:,- : - 
. .L.. . .- '  . . -?..cz.: ;r.zp,e . . .. . . . . .+-. . . . : ~ ~ , ~ ~ $ ~ ~ ~ ~ ~ , ; . ~ ~ < Z - Z - Z - Z - . ; . . ? .  . . -. .. . -. .. ...*.",-. .. , 

NUMBER OF TRACERS ADDED AT MWNG BOX 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 
% TO CONCENRATE 

263 265 264 I 2.64 
261 259 2 6  - 260 
291 2.92 2.9 I 291 
273 272 273 - 273 

0.02 

3.17 

100 

' - I ~ ~ : : . T s L ~ ~ : S r - .  --a+ =-.-!- .m=3n%-I. s-=,3.T1:.5 REEN.::.:;C V?Wt+".:D; 5 2 ~ i : ; , ~ ~ f j : K ~ S G  = $2ii?~~*SC~-~~1;; ::.-. . .:- 
-- :-.;, W.' A;.:.: > ~>~$::<.,.;~:<~;, 

. 
10 10 10 10 10 10 10 
1D 10 9 2 0 0 0 
0 0 1 8 10 10 I 0  
0 0 10 80 tM) 106 100 



SOLENOID SETTING: 2 A 

TEST 18 -WITH ORE FEED 

TEST 19 -WITH ORE FEED 

SEA WATER DENSITY - MANUAL k9fl 

FESl INLET DENSITY - MANUAL b n  
FESl INLET DENSITY - AUTO k@ 
FESl UNDERFLOW DENSITY - MANUAL kSn 

FESI ~VERFLOW DENSITY - MANUAL w 
TAILINGS MASS - MANUAL kl 
CONCENTRATE MASS - MANUAL kl 
EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 

. > .  -7 . ,,I_ I_ , . -- L I T~~CERTEST RESULTS ' - , - 
% "  

, * 

NUMBER OF WCERS ADDED AT MWNG BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBER OF TRACERS RECOVERED IN CONCENTRATE 

% TO CONCENTRATE 

1.03 

2.64 2.65 2.64 I 2.64 

2.62 2.59 2.61 I 2.61 

2.91 291 2.93 = 2.93 

2.n 2.75 2-72 . zn 

0.03 

3.17 

100 

'WOW _ + BLUE- , *GREEN L BROW D. BRO"J. . FINK ORANGE 
.q3=29 S(3.~30 %=%I .SG=32 5 0 5 3 3  SG=34 S0=353 

f0  10 10 10 10 10 10 

10 10 9 3 0 0 0 

0 0 1 7 10 10 10 

0 0 10 70 100 100 100 

TEST 20 - WITH MEDIUM FEED ALONE 

SEA WATER DENSITY - MANUAL kl f l  
FESl INLET DENSITY - MANUAL W 
FESI INLET DENSIV - AUTO ksn 
FESl UNDERFLOW DENSITY - MANUAL W 
FESI OVERFLOW DENSITY - MANUAL kg4 
TAILINGS MASS - MANUAL k2 
CONCENTRATE MASS - MANUAL ks 
Ep 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO km 
nao  % 
,rx;2,''' ',, ..,. ~~,'.'..,..~. '."-'..;.':- ;:,.:".. ' - ' : ' : . ' " . i . r ~ . , + .  * a .  ,->. . -  
. ,  .; ,$,. :4gy>;: .*,?-....';* ,Fsz R&,&,.:-.ty:s -,.- : 2ik,.-.-n . - -- .. ,<" .&., -::. :--.-.. . . . .. . - . . . . . , ;;>:;i;;;-.:<j;?;!. :: .... . ;,, -.?.,:. :'- I ... . ....; . .-.:. . r , : .  '''I.,'. :.:--'. 

NUMBER OF TRACERS ADDED AT MWNG BOX 
NUMBER OF TRACERS RECOVERED ON ROAT SCREEN 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

2.64 2.64 263 e 2.64 
2.59 2.6 2.61 260 
298 W 9  2.98 I 2.96 
2.74 2.74 2.73 I 2.74 

0.01 

3.19 

1W 

j.:Y@kw:c~::<:,BLUE,s& 1 ~ < 4 ? E E a ; . . , ~ ~ . : 5  o . , ~ i ' 7 ; - ; . P I N K : y .  ; . ' W E ;  
;;&~&.2*,~;,~;1;&=x5:5~2~&:~-3i$;.~:,j &,=s2,;-;g* =.3,3;>.;., .s;34;;.::,&= .3,a .> 

10 10 10 10 10 10 10 
?O 10 10 3 0 0 0 
0 0 0 7 10 10 10 
0 0 0 TO 100 100 100 

SEA WATER DENSITY - MANUAL W 
FESl INLET DENSITY - MANUAL k g  
FESl INLET DENSITY - AUTO ksn 
FESl UNDERFLOW DENSIM - MANUAL ksn 
FESl OVERFLOW DENSITY - MANUAL k g  
TAILINGS MASS - W U A L  kg 
CONCENTRATE MASS - MANUAL kg 

EP 
CUT FQINT DENSITY 
CYCLONE INLET PRESSURE - AUTO 16s 
YlELD % 
, . :+- m-->- L-, 

rt --- -.. CP-~:-, T R A i ; i R ~ - ~ s z - ; ~ ~ t t i i Y Y f f z ;  -:i5 
, ,+' - .- , 

NUMBER OF TRACERS ADDED AT MKING BOX 
NUMBER OF TWCERS RECOVERED ON FLOAT SCREEN 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

264 2.63 2.63 I 263 
263 259 262 I 2.61 
2.93 281 2.9 I 23l 
2.74 272 2.73 I 2.73 

0.02 

3-44 

100 

-mi. - GRE?~ - L'BRCWN , D. m. _: PINK.=,- -ORNGE 
' SCi'23 - s t 3 0  - S O r 3 A  - S13=82 SG=33,- S G z 3 4 - .  SG=353 

I 0  10 10 10 10 10 10 
10 10 8 1 0 0 0 
0 0 2 9 10 10 10 
0 0 20 W 1 M  100 100 



SOLENOID SElTlNG: 3 A 

TEST 21 -WITH ORE FEED 

TEST 22 -WITH ORE FEED 

SEA WATER DENSITY - MMIUAL @I 

FESl INLET DENSITY - MANUAL ksn 
FESl INLET DENSTY - AUTO k g  

FESl UNDERFLOW DENSITY - MANUAL k g  

FESI ~VERFLOW MNSITY - MANUAL k@l 

TAILINGS MASS - MANUAL kg 

CONCENTRATE M S S  - MANUAL kg 

EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YlELD 56 

. - -  
-- - - TRACER~TEST RESULTS - , - ' ,*A - .  -- . 

_ '  , .  

NUMBER OF TRACERS ADDED AT MIXING BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBEROFTRACERSRECOVEREDINCONCENTRATE 

% TO CONCENTRATE 

1.03 

2.64 2.63 2.64 I 2.64 

2.59 2.61 262 = 2.61 

2 3  245 2.94 = 243 

2.78 2.73 2.75 I 2.75 

0.01 

3.10 

100 

m m  ,. NU&' , GREEN L . W M ,  D,BROWN' ; FINK ,. ORANGE 
< 

s t 2 9  &=.SO. 9G=3t  .SO=32 9Gs3.3 S G - 3 4  SG=353 

I 0  10 10 10 $0 10 10 

10 10 5 0 0 0 0 

0 0 5 10 10 10 10 

0 0 50 100 100 100 100 

SEA WATER DENSITY - MANUAL k@ 
FESl INLEI DENSITY - MANUAL kiln 
FESl INLET DENSITY - AUTO W 
FESl UNDERFLOW DENSITY - MANUAL w 
FESl OVERFLOW DENSITY - W U A L  kgn 
TAILINGS MASS - MANUAL kg 
CONCENTRATE M4SS - MANUAL ks 
EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 

YELO % 

~p:-,:-$,~.";?~-+-~~-* ,~,._-l:i ,id< L:.: 
e - -; -. < - -  - _ ,  r 2 &: - 

NUMBER OF TRACERS ADDED AT MIXING BOX 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

2.63 2.64 2.63 I 2.63 
Z59 2.62 2.61 I 2.61 
296 3.W 2.38 I 2 3  
274 2.75 2.75 I 2.75 

0.00 

3.15 

100 

r ,  au& - -; GR€E?$,..> t BROWW f3ROWN - &: .FWK < *ORANGE 
S G ~ ~ S ?  S = 3 U  SO=31 SGe3.2 SG.33, %=34 ' SG'r3.53 

t0  10 10 10 10 10 10 
10 I 0  10 0 0 0 0 
0 0 0 10 10 10 10 
0 0 0 100 100 100 100 

SEA WATER DENSITY - MANUAL ksn 
FESl INLET DENSITY - MANUAL ksn 
FESl INLET DENSITY - AUTO ksn 
FESl UNDERFLOW DENSITY - MANUAL k f l  
FESI OVERFLOW DENSITY - MANUAL w 
TAILINGS hUSS - MANUAL ks 
CONCENTRATE MSS - WNUAL kg 

EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO Wa 
n m  w 

, .-' - . a ; ~ s ~ - i = ~ ~ T S ~ S 5 . ; . - z - .  i .-GZ: - i - A . ,, - ,i - - - < - ; ' 
NUMBER OF TRACERSADDEDAT MIXING BOX 
NUMBEX OF TRACERS RECOMRED ON FLOAT SCREEN 
NUMBER OF FACERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

264 2.M 264 I 2.64 
261 2.59 26 . = 2.60 
288 2- 291 I 2 9  
2.73 2 . n  2.72 I 2.73 

0.03 

3-09 

100 

W . 4  , BLUE-.:- GREEN L_8RQWN -.a. BROWIV c... PINK >,L, ORANOE 
- ==23 -d s r 3 0  - 80-31. s - - 3 2 -  S(T=33- , '$3=34 ; S = 3 5 3  

10 10 10 10 10 10 I 0  
I 0  9 5 0 0 0 0 
0 1 5 10 10 10 10 
0 10 50 100 1W 100 100 



87 
SOLENOID SETTING: 4 A 

TEST 24 -WITH ORE FEED 

TEST 25 -WITH ORE FEED 

SEA WATER DENSITY - MANUAL ksn 
FESl INLET DENSITY - MANUAL k f l  

FESI INLET DENSITY - AUTO ksn 
FESl UNDERFLOW DENSITY - MANUAL w 
FESI O ~ R F L O W  DENSITY - MANUAL ksn 
TAILINGS MASS - MANUAL kg 

CONCENTRATE MASS - MANUAL kg 

EP 
CUT POINT DENSITY 

CYCLONE INLET PRESSURE - AUTO kF% 

YlELD % 
* .  

-2 .. i;id&,&& REslhTs ,, ' ,. * ,- -'- ' . -, 
: :- 

NUMBER OF TRACERS ADDED AT MUONG BOX 

NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 

NUMBEROFTRACERSRECOMREDINCONCENTRATE 
% TO CONCENTRATE 

1 .03 

2.64 2.62 2.61 I 2.62 

2.59 2.6 2.62 I 2.60 

291 290 2.83 t 2.90 

2.74 2.72 2.75 I 2.74 

0.01 

3.10 

100 

. uNW ,, BCUE , +,GREEN L. BROWN , 0, BROWN' > -PINK . s,, ORAlJGE 
.+ ~ ~ 2 9  s e 3 0  SG=3j S = 3 2  'SG=33 *'. S . 3 4  '- SG=353 

10 I 0  10 10 10 10 10 

10 10 4 0 0 0 0 

0 0 6 10 10 10 10 

0 0 60 100 100 100 100 

TEST 26 -WITH MEDIUM FEED ALONE 

SEA WATER DENSITY - MANUAL k f l  
FESI INLET DENSITY - MANUAL w 
FESI INLET DENSITY - AUTO 
FESl UNDERFLOW DENSITY - MANUAL k g  
FESI OVERFLOW DENSllY - MANUAL kQn 
TAlUNGS MASS - MANUAL ks 
CONCENTRATE MASS - MANUAL ks 
EP 
CUT PGiNT DENSITY 

CYCLONE INLET PRESSURE - AUTO kPa 
YIELD % 
, ,'++&,,$*--- - - ,  

c +r r, - 
a, ,C s :m-,h*;t:---.7 A .  ., ' r ;--'+?:.- + I 

NUMBER OF TRACERS ADDED AT MIXING BOX 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 
% TO CONCENTRATE 

1.025 
2.M 2.65 2.64 I 2.64 
259 2.62 2 s  I 2.60 
2 J B  3.03 3.01 t 3.01 
2.74 2.75 2.73 I 2.74 

0.03 

3.12 

100 

: '.POW,:':. ~ ~ 2 9 .  <m=3OJ BLUE-;:-GREEIQ ' mr39 ,LBROWN: * ==32 D.MOWW& S 3 = 3 3 - .  ' s = ? ~ 4 " ~  -FlNK, i ,:WWNE ==153 

i 0  10 10 15 10 I 0  10 
10 10 6 1 0 0 0 
0 0 4 9 10 10 10 
0 0 40 90 100 100 100 

SEA WATER DENSlTY - MANUAL W 
FESI INLET DENSITY - MANUAL b n  
FESl INLET DENSITY - AUTO w 
FESl UNDERFLOW DENSITY - MANUAL k@ 
FESl OVERFLOW DENSIM - MANUAL W 
TAILINGS MASS - W U A L  ks 
CONCENTRATE MASS - MANUAL kg 

EP 
CUT POlNT DENSITY 

CYCLONE INLET PRESSURE - AUTO 16a 

YIELD % 

2.63 265 2.M I 2.64 
2.62 259 2 6  = 2.60 
2.9 2.91 2.9 I 2.90 
2.74 2.75 2.74 I 2.74 

0.05 

3.07 

100 

NUMBER OF TRACERS ADDED AT MWNG BOX 10 10 10 10 10 10 10 
NUMBER OF TRACERS RECOVERED ON FLOAT SCREEN 10 8 3 1 0 0 0 
NUMBER OF TRACERS RECOVERED IN CONCENTRATE 0 2 7 9 10 10 10 
% TO CONCENTRATE 0 20 70 90 100 1W 100 



DETAILED RESULTS OF 2000 MAGNETIC CYCLONE TEST PROGRAM 

6 5 0  FESl 



SOLENOID SETTING: 0 A 

TEST 1 

TEST 2 

FESl INLET DENSITY kgl 

FESl UNDERFLOW DENSITY - MANUAL kgn 

FESl -FLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE Wa 
. * - *  - 

. .' -TRACER TEST RESULTS - ' ' 
- .. .. . 

. .' , . ,  
NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.60 

jAO 3.60 3.60 

2.55 2.55 2.55 

0.012 

3.21 

240 

;; &&: ,; BUFF GREM - 0 GREEN L % m  D. m N  PINK , 

s ~ c 2 . 9  . 5 ~ ~ 3 0  ~ = ~ 0 5  -€G=3.1 Sf21315 SG.3.2 ' SC3=33 SGz3.4 SGz3.53 

50 50 50 50 50 50 50 50 $0 

50 50 50 50 50 32 0 0 0 

0 0 0 0 0 17 50 50 M 

0 0 0 0 0 34 100 100 100 

TEST 3 

FESl INLET DENSITY ken 
FESl UNDERFLOW DENSITY - MANUAL kgn 

FESl OVERFLOW DENSITY - MANUAL 

Ep 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 

Zm 

jSO 3.55 3.60 

25 255 255 

0.026 

3.20 

230 

. . .. ,. , CT%R-Y~ROVN O.W, P I N K . ' - ~ ~ N G E  ,. , , '  I -, 6 -.r - -... , . .  , , .  , .. &-*115--&=32 ">SG=33'- S 2 3 4  m Z 3 . 5 3  

NUMBER OF TRACERS ADDED AT MlXiNG BOX 50 50 50 50 50 50 50 50 50 

FLOAT TRACERS 10 10 10 1 42 29 0 0 0 

SINK TRACERS 40 40 40 49 7 21 50 50 50 

% TO CONCENTRATE 80 80 80 98 14 42 100 100 100 

FESl INLET DENSITY kgn 

FESl UNDERFLOW DENSITY - MANUAL ken 
FESI OVERFLOW DENSITY - MANUAL kgn 

Ep 

CUT POINT DENSITY 

kPa CVCCONE INLET PRESSURE 
, '-,,,-- :. - -2- 

-- - * , - r  - 
= - -,,.>, 

T R A ~ * & T ~ s , . . >  : --J-j .. . . ^iY 

2.60 

3.60 3.60 3.60 

255 255 255 

0.m1 

323 

240 

' --* - . -*-, &L29-, S G r 3  

NUMBER OF TRACERS ADDED AT MIXING BOX 50 50 50 50 $0 50 50 50 50 

FLOAT TRACERS I 0  10 10 49 47 39 2 1 0 

SINK TRACERS 40 40 40 I 3 11 47 49 50 

% TO CONCENlFtATE 80 80 80 2 6 22 94 98 100 



SOLENOID SElTlNG: 2 A 

TEST 4 

TEST 5 

FESl INLET DENSITY k@l 

FESl UNDERFLOW DENSITY - MANUAL k@l 

FESl OVERFLOW DENSITY - MANUAL kan 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
- ,  * 

: TW\CERTESTREWL'~S - . . - 
- ,  : r ,. 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.60 

3-50 3.50 3.55 

z55 2.55 2.55 

0.021 

3.16 

240 

- YELL&, BLUi U F F  .-, GREEN 0. GREEN L f3ROWN D. BROWN PINK ORANGE 

~ ~ 1 2 9  ~ ; . 3 0  =a305 ;$0=31 SG=3.15, SGz3.2; SGz3.3 : ~ ~ = 3 . 4 '  SG=3.53 

50 50 50 50 M 50 50 SO 50 

50 50 50 46 33 5 0 0 0 

0 0 0 4 17 45 50 50 50 

0 0 0 8 34 90 100 100 100 

E S l  INLET DENSITY k@l 

FESl UNDERFLOW DENSIN - MANUAL 

FESl OVERFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 

2.80 

2.50 2.4 250 

3A5 3.45 3.4 

0.018 

3.11 

230 

FESl INLET DENSITY k!$l 

FESl UNDERFLOW DENSIN - MANUAL kgn 

FESl OVERFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
3 - , , - - > -,,.. -., 

-, - - >, -*:,;,*: ', *: - >  
- .  T&*~TESTF+S~T~': 2; : ', , - r-<- 

,>- -".: -. . . . , - , - - , -  , -.-- - - - - ,. . . . - . I  - - ,  ,- .. 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

- .,., ,,- ... 
- .3, 

'- , ,--<' Sm;l= .d ~ R W  ,'L O y"' PINK, .:<bORANGE ' 
-, ( ._ 1, '1 " 

.. " d  : , -  r -,  c - "l -* .., , I _  ., 
. ,- 

- . - , . . - . , ,*. SGk2$6- s=30;1 m=,305.- ~ ~ ~ 3 1  S = S I ~ >  SGX& ~ d = 3 3 - ~  ~ ~ 5 3 4 -  &=353 

NUMBER OF TRACERS ADDED AT MIXING BOX 50 50 50 50 50 50 50 50 50 

FLOAT TRACERS 50 50 48 30 2 1 0 0 0 

SINK TRACERS 0 0 2 20 48 49 50 50 50 

% TO CONCENTRATE 0 0 4 40 96 gS 1 00 100 100 

2.60 

250 2.45 2.50 

3.45 3.45 3A 

0.014 

3.11 

250 
, 
y & ~ a ; N r  , - - gUE-;-'-?&+ <;: t-.-:??~&&- S;m D. m:: 'PINK '< 9"- > - . , .  < 

$0-29: SG:~,)~', S G = ~ ~ ; & = ~ ~ ~ ' & Z I ~ : S G = ~ ~ -  S G + ~ , $  ~ ~ 1 3 4  SGr3Fr3 

50 50 50 50 SO 50 50 50 50 

50 50 50 34 3 1 0 0 0 

0 0 0 16 47 49 50 50 50 

0 0 0 32 M 98 100 100 100 



SOLENOID SETTING: 4 A 

T EST 7 

TEST 8 

FESl INLET DENSITY k@ 

FESl UNDERFLOW DENSITY - MANUAL k@ 

FESl OVERFLOW DENSITY - MANUAL k@ 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 

, - 
. . .-TRACER TEST RESULTS . ' - -- -- 

. -  ~ , , - . 
NUMBER OF TRACERS ADDED AT MLXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.60 

3.45 3.40 3.45 

2.5 2.5 2.5 

0.019 

3.t5 

230 

y&ow , , wm GREEN - 0 GREEN L BROWN D.BROWN ' PINK ORANGE . - 
~ = 2 9  ~ ~ ~ 3 0  ~ ~ ~ 3 0 5  SGa3.1 .SG=315 SGs3.2 SGs3.3 . W = 3 . 4  SG~3 .53  

50 50 50 50 50 50 50 50 50 

50 50 50 46 20 3 0 0 0 

0 0 0 4 30 47 50 50 50 

0 0 0 8 60 94 100 100 100 

TEST 9 

FESl INLET DENSITY kgll 

FESl UNDERFLOW DENSITY - MANUAL k@ 

FESI OVERFLOW DENSITY - MANUAL k@ 

EP 

CUT POlM DENSITY 

CYCLONE INLET PRESSURE kF'a 
,,, i > - 

. . - .  . .  % ,  - -- 

2.60 

3.45 3.45 3.45 

2 5  2 5  2 5  

0.017 

3.13 

ZM 

y ~ w :  R&9.:s- )_ GFGGN O.'GREEN CSR~WN D~~~~:S'~PINK"~-:ORANGE- , - _ 4 _' ,. =G9-. ~ - = 3 0 ' : ~ ~ = 3 ~ 5 . * -  SG'~I_- = = 3 1 5 - - ~ & = 3 2  4 3  "90134 ==353 

FESl INLET DENSITY kgl  

FES1 UNDERFLOW DENSITY - MANUAL kg/l 

FESl OVERFLOW DENSITY - MANUAL kgll 

EP 

CUT POINT MNSlTY 

CYCLONE INLET PRESSURE kPa 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.60 

3,40 3.45 3.40 

2% W 2.50 

0.01 1 

3.07 

220 

50 50 50 50 50 50 50 50 50 

50 50 50 40 10 0 0 0 0 

0 0 0 10 40 50 M 50 50 

0 0 0 20 80 100 100 100 100 

u ->v : ;  -: mu - m * E  
' SO =33- -*$3.4'* SG='s.53 

NUMBER OF TRACERS ADDED AT MIXING BOX 50 50 50 50 50 50 50 50 50 

FLOAT TRACERS 50 50 41 3 0 0 0 0 0 

SINK TRACERS 0 0 9 47 50 M 50 50 150 

% TO CONCENTRATE 0 0 18 94 100 100 100 100 100 



SOLENOID SElTlNG: 6 A 

TEST 10 

FESl INLET DENSIN k@l 

FESl UNDERFLOW DENSITY - MANUAL k@l 

FESl QVERFLOW DENSITY - MANUAL ken 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
- ?  

-TRACER TEST RESULTS 
, , - 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

TEST 12 

260 

3A0 3.45 3 . 6  

2.5 2.55 2.55 

0.018 

3.08 

250 

miow- BLUE, , BUFF - +GREEN.'OOREEN LBROWND;&?3wt4 PINK, ORANGE 
< ,  % r2~  - S G = 3 0  SGt3W & 3 2 .  ' ~ ~ ~ 3  ~ = 3 ~  SGr3.53 

50 50 50 50 50 50 50 50 50 

50 50 32 13 1 0 0 0 0 

0 0 18 37 49 50 50 50 50 

0 0 36 74 98 100 100 100 100 

FESl INLET DENSIN kgl  

FESl UNDERFLOW DENSITY - MANUAL kgn 

E S I  OVERFLOW DENSITY - MANUAL k g  

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
2 - , > A * .  

. . .  
,- - ., '+2 L, .2.: 4: k '.-,. - : 1. T&CB?~ESTRESULTS .+ , - ' - - ' .  . . , 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.60 

2.35 2.40 

2.55 2.5 2.55 

0.015 

3.11 

230 

..Y&Wr;; <' ':- ';-- : 'O, 'GRE~ ?L @&t.# D. -*.- P)NK.' : , . m N O E  . 2. . ,. A 

&LZ9 . $G'=3.0 -&=3&-i-&=31', 9tiz3.15 ~ ~ 3 . 2 '  s L 3 3 -  ' ~ = 3 4  Sbr3.53 

50 50 50 50 50 50 50 50 50 

50 50 50 35 3 0 0 0 0 

0 0 0 ?5 47 50 50 50 50 

0 0 0 30 94 100 100 100 100 

FESl INLET DENSITY ken 
FESl UNMRROW DENSITY - MANUAL kgll 

FESl OMRFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DENSIN 

CYCLONE INLET PRESSURE 16a 
. . - ;  - ,,.. -.- .; ,--,;+ - 
,. , ;.:~CERjf&PESULtS -c--,.2.-a \.., , . - .  ., ' + . - *: . , , . - ,?-- -5 ... .: .--i - 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

260 

330 335 3.35 

2 5  2.45 2 5  

0.027 

3.08 

250 
P - -  . -  

\ p  ~BFW -, - 1-71 a+$r -,.  GREEN -L BROWN. Q ~ B ~  ..- -;-@INK ORAWE 
- r  _ ?  - 

s-= 2 9  , sc=i&L: socai_ sol afs :=.=$-2-.;s~e33+ - SG = 34& ==3.53 -- 
50 50 50 50 50 50 50 50 50 

50 2 2 13 5 0 0 0 0 

0 48 48 37 45 50 50 50 50 

0 98 96 74 90 1w loo loo 100 



SOLENOID SElllNG: 0 A 

TEST 13 

- 

TEST 14 

FESl INLET DENSITY I@ 

FESl UNDERFLOW DENSITY - MANUAL kgn 

FESl OVERFLOW DENSITY - MANUAL kgn 

EP 

CUT POlM DENSITY 

CYCLONE INLET PRESSURE kPa 
, .. ' 

- .  - . TRACERTESTRESULTS - < -  
1 -  - 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2 7 0  

3.65 3.55 3.60 

2.6 2.55 2.55 

0.023 

3.M 

250 

,kc&: m' BUR TOREM 6'8REEN L BROWN &BROWN, 'PINK ORAWE 

~ 0 ~ 2 9 .  ~ = 3 0 5 ,  - S(3k315 SG=S2 96=33 SGsh4 SOr3.53 

50 50 50 50 50 !X! 50 50 30 

50 50 50 48 47 25 0 0 0 

0 0 0 2 3 25 50 50 50 

0 0 0 4 6 50 100 100 100 

TEST 15 

FESl INLET DENSITY k@l 

FESl UNDERFLOW DMSITY - MANUAL kgn 

FES O V ~ F L O W  DENSITY - MANUAL kgn 

Ep 

CLJT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
- ' . d - , , f -  .,e. :..- .- r -  * -  - ,i- . r  . 7, , -.+.-. ' i , , mcmTrnrj&iwL , - .-'=. 

0 - .- . 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

%TO WNCEMRATE 

2.70 

3.55 3.55 

2 %  2.5 255 

0.012 

3.21 

230 

y$~j&-+ IBL-ws ?575,& .- -' -, 0. GREeKREeK L kRMNN ,a BROWN~. PINK . ; ORANGE - - . - . + - .  

,'~=29 SGi90c* * = a s  A SG=91 s0=9.?5 SG=3.2 - SG-3.3 6 3 . 4  &50=353 

50 50 50 50 50 50 50 50 50 

50 50 50 50 49 37 0 0 0 

0 0 0 0 I 13 50 50 50 

0 0 0 0 26 100 100 I00  

. 
FESI INLET DENSITY kgn 

FESI UNDERFLOW DENSITY - MANUAL kgn 

FESl OVERFLOW DENSITY - WNUAL kgn 

EP 

CUT POINT DENSITY 

2.70 

3.60 3.m 3.60 

2% 2 6  2.6 

0.026 

3.28 

CYCLONE INLET PRESSURE kPa 240 
< , , . - ,  - .  J.3 :< . - - . ,  , & - - - ;  . ' .  . - / -, . , ,.,,' . - T R A C & T E S T R E ~ ~ ~  ' . -. , . -<,, * -  + c :  ,, 

NUMBER OF TRACERS ADDED AT MWNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

- - ", _-<-.., . . > ,-"- " ' " A  'A ,~LLOW% -;.- .,v,--i~F.~: ~ ~ : @ . ~ R C R N N ; . C  PiNK-"-U?AffiE - -, - -,. . . r 

, a r z s  56130' 66%9q SO=315+ iSG=X?- .2-=-33 - SG=S.4 SGw3.S 

50 50 50 SO 50 50 50 50 50 

50 50 50 50 40 50 4 2 0 

0 0 0 0 2 1 4 6  4a 50 

0 0 0 0 4 2 92 96 100 



SOLENOID SETTING: 2 A 

TEST 16 

TEST 17 

FESl INLET DENSITY kg!l 

FESl UNDERFLOW DENSlM - MANUAL kgfl 

FESl OVERFLOW DENSlM - MANUAL kgn 

Ep 

CUT POINT DENSm' 

CYCLONE INLET PRESSURE kPa 
I . .  - 

- .  . - TRACER TEWRESULTS * : '.' - . - .  , . - . - 

NUMBER OF TRACERS ADDED AT MlXlNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.70 

2 .4  240 2.45 

2 5  255 255 

0.016 

3.16 

Po 

m~ . . . BUFF .. - GPEUJ, o GREEN a BROWN D. BROWN PINK ' ORMGE 

~ ~ 2 4  ~ ~ 3 . 0  50.3.05 SG=335 SGtJ2 . S O z S J  SGz3.1 ' S0.353 

50 50 50 50 50 50 50 50 50 

50 50 50 49 29 3 0 0 0 

0 0 0 1 21 47 50 50 50 

0 0 0 2 42 IL4 100 1 W 100 

TEST 18 

FESl INLET DENSrrY kgl 

FESl UNDERFLOW DENSlM - WANUAL kg!l 

FESl OVERFLOW M N S l M  - MANUAL kgfi 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
. _  I I . . .  

2: . . -- .. - <,. .. , .2 - -* ,. > 

- - fRAaR.rrsr6&Lz ---; - -.-- , . J -  . - . . I ,  . 
NUMBER OF TRACERS ADDED AT MWNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENfRATE 

2.70 

350 3.50 3.45 

2.5 2.55 255 

0.018 

3.16 

260 

~ E U O ~ - . L - - ~ ~ . > ,  ;&&' - GREPI; FOREEN - L B ~ - D . B R O W N ~ , . P I ~ ~ -  -ME; 
, :,- * 
~ = 2 9  ~ 1 3 ~  ~ ; 3 0 5  SG=31 ..SG=3.45 SG=32 6 3 3  'SG=%4> &=i53 

50 50 50 50 50 50 50 50 50 

10 I 0  I 0  8 8 1 2 0 0 

40 40 40 42 42 49 48 50 50 

80 BO 80 84 98 96 l W  100 

FESl INLET DENSlM IWl 

FESl UNDERFLOW D M S l M  - MANUAL kg!l 

FES OVERFLOW DENSITY - MANUAL kpn 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPa 
, . .  .<:. *' >*yy--,-,<$,,2<- - . : ;= , v&-,&rtw,LTS .,; . , ' - I _  

, - 7 .  - - . :- :- , - 

NUMBER OF TRACERS ADDED AT MWNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.70 

3.55 3.50 3.50 

2 6  253 255 

0.017 

3.1 9 

230 - 
b ~ & - q , .  ;:acUg + ~ ~ s - ~ - : r  GE~(-* ?,ER- CER~~N:D.~~VN: ~wn; -qw+a . - - j. 

~ ~ $ 0  r ~ ( 3 = 3 i j $ 7 , . ~ ~ 3 1  ._"%=315 , . ,. q ~ b 2 -  = = 3 3 j  &r3;:4'S~=953 

50 50 50 50 50 50 50 50 50 

10 I 0  10 8 9 1 2 0 0 

40 40 40 42 41 49 48 50 50 

80 80 80 84 82 98 96 100 1 MI 



SOLENOID SEmNG: 4 A 

TEST 19 

TEST 20 

FESl INLET DENSrrY kgfl 

FESl UNDERFLOW DENSrrY - MANUAL k@l 

FESl qMRFLOW DENSrrY - MANUAL kgn 

EP 

C U l  POINT DENSrrY 

CYCLONE INLET PRESSURE kPa 
.I , . . ' d - . -. -. 

TRACER-&RESULTS * , ; - 
- .  - - 

NUMBER OF RACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENIRATE 

2.70 

3A0 3.30 3.35 

2.5 2.55 2 55 

0.024 

3.1 0 

250 

. ~ L o V ~  BLUE . , . MEW . 0 !-=OWN' 0 m m  , mNK . ORANOE 

~ 0 . 2 9  , ~ = 3 0  - S G ~ ~ = - '  = = a 1  SO=315 SO332 - S G r S S  .==a4 ' S O ~ 3 5 3  

50 50 50 50 50 50 JO 50 50 

0 48 48 25 9 0 0 0 0 

50 2 2 25 41 50 50 50 50 

100 4 4 50 82 100 100 100 1 00 

TEST 21 

FESl lNL€T DENSrrY kdl 

FESl UNDERFLOW DENSITY - MANUAL kgn 

FESl OVERFLOW DENST7Y - MANUAL kgn 

EP 

CUT POINT DENSITY 

CYCLONE INLET PRESSURE kPe 
. - - .. . c:r:,.-'. - -,"< + r . j  

-- . TRAaRi--kdLTS, I -;-. : /. ' 5- ,:. . ? - - -  - - 
_ I  _ _ .-. . A 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.70 

3.45 3.45 3.50 

2.5 25  255 

0.023 

3.13 

230 
2 -  .- ,- . - 
 ELLO OW.':, =itE ::.-, e L  ;'.GREEN -, 0. GREM-C WKWN' BRCIWN' PINK-- iORANGE . - 

'-2* 50.3.2) &=3.&- '?B=$; ' 9(3=315 S G = j 2  S G = S ~ +  ~ 6 3 d  'h1=b53 

50 50 50 50 50 50 50 W 50 

50 50 48 38 19 0 0 0 0 

0 0 2 12 31 50 50 50 50 

0 0 4 24 100 100 1M) I00 

FESI INLET DENSrrY kgn 

FESl UNDERFLOW DENSITY - MANUAL kfl 
FESl OVERFLOW DENSrrY - MANUAL kgn 

EP 

CLIT POINT DENSrrY 

CYCLONE INLET PRESSURE kPa 
- - L.",,..<" ,,.p<-*, * - - ,..<,. -.. -. - 

i r  , , A  , c i  ' '- 
NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINKTFUCERS 

% TO C O N C m T E  

270 

3.45 3.40 340 

2.6 2.55 2.55 

0.02s 

3.18 

220 

:-&9wW.,;;*~itlEy ;p_T5+,- !:$, ~q;- 0, GREEN 5 BR?:-~. BROWN' -MK-' .QRAwS 
, . , , . , - *, . .-- 

"=e;$' s = a f  'SG=-3&- ~ e f ~ l  ' - & ~ % ? L z -  - ~ ~ = 3 . 3  s 1 3 . 4  %=$B' 
I 

W 5D 50 50 50 50 50 50 50 

50 50 60 48 36 14 0 0 0 

0 0 0 2 14 36 50 50 50 

0 0 0 4 28 72 100 100 100 



SOLENOID SElTlNG: 6 A 

TEST 22 

TEST 23 

FESl INLET DENSW k@ 

FESl UNDERFLOW DENSW - MANUAL bfl 

FESl OVERFLOW DENSW - MANUAL kgll 

EP 

CUT POINT DENSW 

CYCLONEINLETPRESSURE kPa 
., = -  

'. ~ ~ G S T R E ~ , ~ ~ ,  ",*'. 
' 

NUMBER OF TRACERS ADDED AT MKING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

270 

3.4 3.40 3.40 

2% 2.55 2.6 

0.026 

3.19 

RUCTUATINO 

yul.m : BLUE e-': GREEN;. +O GREEN L B R W - D .  BROWN ,PINK' .  : ORANGE 

S G = P S ,  % = S O '  $6=3= - SO=B1'- SO=315 < S G i t 2 , '  , S = 3 3  ' S G = s i  ' S13~35.3 

50 50 50 50 50 50 50 50 50 

49 50 50 48 41 20 0 0 0 

I 0 0 2 9 30 50 50 50 

2 0 0 4 18 60 I W 100 100 

TEST 24 

FESI INLET DMSW ksn 

FESl UNDERROW DENSITY - MANUAL W 
FESl OVERFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DEN- 

CYCLONE INLET PRESSURE k h  ... _, -..- -, - r 
,-*- - f- ;.--. , ,"- - 

, -> -... -vm-aaTS.. :- . ;I- 
>-;'- , , -  . .,, - < ,  , . 

F 
- - .. 

270 

3 . e  3.40 3.40 

255 2.56 255 

0.023 

3.18 

FLUCTUATlNG 

 ELL&-.:---&^^*'^ ;&- -: - . . . . ~ . G R  EEN, ~ ~ l o u m  - o . s a ~ , . a n .  ;7,M - - .  + - < 2  

SG-29 . ~ = 3 6 ~ - & = 3 [ ) 5 -  50 '31  >90=315 S G = 3 2 . . - . S G = 3 3 = 3 .  &=3.53, 

FESl INLET DENSITY kgll 

FESl UNDERFLOW DENSrrY - MANUAL kgn 

FESI OVERFLOW DENSITY - MANUAL k g  

EP 

CUT POINT DENSTY 

CYCLONE INLET PRESSVRE k k  

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.70 

3.40 3.40 3.40 

2% 255 2.55 

0023 

3.19 

FLUCTUATING 

50 50 50 50 50 50 50 50 50 

50 50 50 48 39 13 1 0 0 

0 0 0 2 11 37 49 50 50 

0 0 0 4 22 74 98 100 I00 

a;eyzv;,~ ~ ~ c y t a  D. ~ ~ : ' F : P M K - I ,  -ow- 
i /.," /- " -  ",. 

- > I  , -  _~0=z1116 &=w- SGz3.3 &=9;4".94=& 

NUMBER OF TRACERS ADDED AT MWNG BOX 50 50 50 50 60 50 50 50 M 

FLOAT TRACERS 50 50 50 50 43 14 1 0 0 

SINK TRACERS 0 0 0 0 7 36 49 50 Jb 

%TO CONCENRATE 0 0 0 0 14 72 98 l W  100 



SOLENOID SElTING: 0 A 

TEST 25 

TEST 26 

FESl INLET DENSrrY ksn 

FESl UNDERFLOW DENSTY - MANUAL k@ 

FESl OVERFLOW DENSITY - MANUAL 

EP 

CUT POINT DENSrrY 

CYCLONE INLET PRESSURE kP;, 

280 

3 . s  3.60 3.60 

2.7 2 7  2.7 

0.023 

3.26 

250 

DENSITY DIFFERENTIAL 

E S T  27 

. .' , -. 
, a s 2 9  ~ ~ 3 0  ~ 0 ~ 3 0 5  'SG=%t SSr3.15 SO.9.2 - SQ=39 SG=%4. ,SQ=353 

NUMBER OF TRACERS ADDED AT MWNG BOX 50 50 50 50 $0 50 M 50 50 

FLOAT TRACERS 50 50 50 50 50 46 7 0 0 

SINK TRACERS 0 0 0 0 0 4 43 50 50 

% TO CONCENTRATE 0 0 0 0 0 B 86 loo I DO 

FESl INLET DENSTY W 

FESl UNDERFLOW DENSITY - MANUAL kqn 

FESI OVERFLOW DENSITY - MANUAL W 

EP 

CUT POINT MNSlTY 

CYCLONE INLET PRESSURE kPa 
-. . . . --.--*. - . - - 

.. GMR&&zR&L,+-c-' ,; .;<.*.,-*li 
. < <  * - 4 -  . - . -5 , , 

NUMBER OF TRACERS ADDED AT MWNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.80 

3.55 3.60 3.55 

2.7 2.65 255 

0.022 

3.2s 

254 

&&&, ?& - :' GEb4' , 0.QREPl'LBROWN D.BROWN:, ,WK . --<ORANOE 
, . * ,  / ,  

.&=zg SG=&O., '&.=~W- $0'3.1 -SG=315 S.32 9G13.3 90=34"&=353 

50 50 XI 50 50 50 50 50 50 

50 50 50 50 49 46 3 0 0 

0 0 0 0 I 4 47 50 50 

0 0 0 0 B 94 1W 100 

FESl INLET DENSITY ksn 

FESl UNDERFLOW DENSITY - MANUAL 

FESI OVERFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT D M S m  

CYCLONE INLET PRESSURE kPa 

280 

3.55 3.55 3.5s 

2 7  2.65 265 

0.021 

3.23 

260 -- , , 
- .  - r . , . .  - . -  " " 3 7 ,  *. .! - >. , .<-< 

NUMBER. OF TRACERS ADDED AT MKING B(3X 50 50 50 50 50 M 50 50 50 

FLOAT TRACERS 50 XI 50 50 48 41 1 0 0 

SINK TRACERS 0 0 0 0 2 9 49 50 50 

% TO CONCENTRATE 0 0 0 0 4 18 96 IW I W  



SOLENOID SETTING: 2 A 

TEST 28 

TEST 29 

FESl INLET DENSrrY kyl  

FESl UNDERFLOW DENSrrY - MANUAL kgn 

FESl 0-VERFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DENSTY 

CYCLONE INLET PRESSURE kPa 
- "  

. ) i- 

d -- ' m ~ ? E s T ~ ' F  
I ' 

NUMBER OF TRACERS ADDED AT MWNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONC!alWtTE 

2.80 

3.50 3.50 3.50 

2.7 265 27 

0.023 

3.23 

260 

-: w, - GREEN: 6 GEM L MOWN D. BROWN FWK -ORANGE -. 
SO=28--&3=30 ~ = 3 0 5  -SO=91  W=3.15 - S O = 3 3  9 3 - 3 4  SQz3.53 

50 50 50 50 50 50 SO 50 50 

50 50 50 49 50 40 0 0 0 

0 0 0 1 0 10 50 50 50 

0 0 0 2 0 20 1W 100 1 w 

TEST 30 

FESl INLET DENSITY kg4 

FESl UNDERFLOW DENSITY - MANUAL k41 
FESl OVERFLOW DENSrPT - MANUAL b'l 

EP 

W WlNT DENSITY 

CYCLONE INLET PRESSURE kPa 
- ,  -' . . . 

< .  - .. . ;<c - -.-- 
,-- " - - . 'IRACERTESTR~LTS ; - ' - . - 

- I  _ . .  _ . 
NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOATTRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.80 

3.45 3.43 3 45 

2.w 2 6  2.65 

0.027 

3.18 

250 
- - 

y~t~w:1- ~ U E .  : -- MMP( 5 Q-GREEN* L BROWN ;Q 8RO!M4: F!NK ,-.ORANOE 
, , . . 

, ~ ~ = 2 9 -  SG=aO' sa=at:/&=aii s ~ = 3 2  * s ~ = i 3  56;3;.6- 50-3.53 

50 50 50 50 50 W 50 50 50 

50 50 50 46 39 15 0 0 0 

0 0 0 4 11 35 60 50 50 

0 0 0 8 22 70 100 100 $00 

FESl INLET DENMY b'l 

FESl UNDERFLOW DENSRY - MANUAL k41 
FEU OVERFLOW DENSITY - MANUAL b'l 

EP 
CUT PCHNT DENSITY 

CYCLONE INLET PRESSURE kPa 
., . C -  - .  - ,,**.< i ,-+ L ,; c-- < >; , 

: J < - , .  " - ;*:*TEsi'R'&~*-.i.. >,. . .. < < . . , - , ..- I .  

NUMBER OF TRACERS ADDW AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCEMRATE 

2.80 

3.43 3.45 3.45 

2m 265 ZsS 

0.021 

3.1 7 

250 

, . - z . '5; =*:- 
& ' J  &< %w;- ; . I):G?E€N~:~@WN * ,. ~ . B I ? U W N : - : ' P M K - ' " - ~  

sa=za. ~ = $ 0 ,  SG=j05: ~ ~ = 3 . 7 ' ~ - ~ = 3 1 5 - ~  SC,=X?- ~ 5 0 = - 3 3  -' 

50 50 50 50 50 50 50 50 50 

50 50 50 49 36 9 0 0 0 

0 0 0 1 14 41 50 50 50 



SOLENOID SETTING: 4 A 

TEST 31 

TEST 32 

FESl INLET DENSm k4n 

FESl UNDERFLOW DENSrrY - MANUAL 

FESl OVERFLOW DENSrrY - MANUAL kgn 

EP 

CUT POINT DENSTY 

CYCLONE INLET PRESSURE k ~ a  
, " , .  - ,  

.I_ 

, , ' T R A ~ E R T E ~ R ~ ~ ~ L T S  ,. :. - . A 

NUMBER OF TRACERS ADDED AT MlXlNG BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCE?mMTE 

280 

3.45 345 345 

2.7 2.7 2 7  

0.027 

3.16 

no 
MLL& A BLUE -. L- BUFF GREEN 0 GREEN i.. BROW4 0. B R M  PINK ORANGE -- 
5012% . 5 0 = 3 ~  .50=3i SGz3.15 SGtS2"'90=33, SG=34- 50~3.53 

J 

50 50 50 50 50 50 50 50 50 

50 50 50 49 34 17 0 0 0 

0 0 0 I 16 33 50 50 50 

0 0 0 2 32 66 1W 1W 100 

TEST 33 

FESl INLET DENSITY k g  

FESl UNDERFLOW DENSrrY - MANUAL w 
FESl OVERFLOW DENSIT - WNUN w 
EP 

CUT POlNT DENSlTY 

CYCLONEINLETPRESSURE kPa 
- . "  - *,; --- , -:,. .:<-, . - - - . 
", - - ,  
- , - ,  + ,mCER&.+ai&-::_ -,.-_- I .  - - * ,., 

'' . 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SINK TRACERS 

% TO CONCENTRATE 

2.80 

3.35 3.40 3.40 

2.m 265 Z M  

0.019 

3.13 

250 

m.i.w4- ~~Ui".:'.~w--.;mm,, O.GREEN~LBR?WN~'D.~CW+.. P~JK-~-ORANGE 
, ., 

Sij=3%' ~0=9t,--SG=315 : ~ ~ = 3 2  '&=33 - ~ ~ = 3 . 4 ~ . ' 3 ~ = 3 5 3  

50 50 50 50 50 50 50 50 50 

50 50 49 43 10 2 0 0 0 

0 0 1 7 40 48 50 50 50 

0 0 2 14 BO 96 I W  I00 100 

FESf INLET DENSm kan 

RSI UNDERFLOW DENSlTf - MANUAL kgfl 

FESI OVERFLOW DENSITY - MANUAL kgn 

EP 

CUT POINT DMSrrY 

CYCLONE INLET PRESSURE kPa 

2.80 

3.40 3.40 3.40 

2.65 265 26s 

0.022 

3.1 3 

250 
- - - e  . : ,* 
I # Y-. ~ - ~ ; , ~ B ~ T . ~  TiREEN * 'o  GR&. i BR&: D  wow^^'": PMK:. ';-WNGE 

t *  - - ,fl , "... - f  , 
3 - - -  Y , ,  + .  - ,  s - 2 9 -  'SG;3~*,-&=305: 56=3.T .SG=31S SO=%?- SG,=33. vSS=+3,4. ' SG=k5S 

NUMBER OF TRACDiS ADDED AT MWNG BOX 50 50 50 W 50 50 50 50 50 

FLOAT TRACERS 50 50 48 41 15 2 0 0 0 

SINK TRACERS 0 0 2 9 35 48 50 50 50 

%TO CONCEEIfRATE 0 0 4 18 70 96 100 100 1W 



SOLENOID SElTING: 6 A 

TEST 34 

FESI INLET DENSlM ksn 

FESl UNDERFLOW DENSIT - MANUAL k41 
FESl OYERFLOW DENSllY - MANUAL kgrl 

EP 

CUT POIW DENSITY 

CYCLONE INLET PRESSURE 

- : TRACERTESI;RE$UL~'.'~ -. *- I , 

NUMBER OF TRACERS ADDED AT MIXING BOX 

FLOAT TRACERS 

SlNK TRACERS 

TEST 35 

TEST 36 

FES! INLET DENSITY ksn 
FESl UNDERFLOW DENSllY - MANUAL kgll 

FESI OVERFLOW DENSW - MANUAL kgll 

EP 

CUT POlM DENSITY 

CYCCONE INLET PRESSURE kPa 

FESl INLET DENSITY kgll 

E S l  UNDERFLOW DENSITY - MANUAL 

FESI OVERFLOW DENSITY - MANUAL ksn 

EP 

CVTPOlMWNSrrY 

280 

3.35 3.40 3.35 

2.65 265 2.65 

0 032 

3.13 

250 

NUMBER OF TRACERS AWED AT MWNG BOX 

SlNK TRACERS 

z;:, -. -- ..: ,-.. -*-,- -2 - A~. 8 --  --&-3-: fKs ; ,- &,+a z ~.;~..GREM c so.& ;dakh-f PINK 8 ,- ORAWE - , , ; ~ ~ T & ~ s o ~ ~ - ~  -_., 5 , - 
- ,. . - , ~ & 2 9 -  -=30 50-305 -.SG=9'1 '~0_=315 - S G = ~ Z  'e=s3- ' ~ 6 ~ 3 4 .  

NUMBER OF TRACERS ADDED AT MUUNG BOX 50 50 50 50 9 50 50 50 50 

FLOAT TRACERS 50 50 49 32 16 7 0 0 0 

SINK TRACERS 0 0 1 18 34 43 50 50 50 

% TO CONCENTRATE 0 0 2 36 69 66 100 100 I00 



APPENDIX V 

PHOTOGRAPHS 



Photos 1 & 2: 250 mm Polyurethane Cyclone 



Photo 3: 250 mm Magnetic Cyclone with solenoid in middle position 

Photo 4: lnsrallation of 250 mm PU cyclone at Koingnaas Prospect Plant 



Photos 5 & 6: Inspection of solenoid and picking tracers off float screen 

Photos 7 8 8: Ore used for tests at  Koingnaas Prospect Plant 



Photo 9: Old 500 mm Linatex Cyclone at Koingnaas Main Plant 



Ph- . J ' S  12 & 13: Installation of 510 m m  . -, -. - . ie a t  Koingnaas Main Planr 





Photo 16: View of overflow basket with tracer basket in pl 

Photo 17: Sampling of underflow medium density with ore feed 



Photo 18: Sampling of mediurn underflow density at  spigot box 

Photo 19: Measuring of medium density 



APPENDIX VI 

QUOTATIONS FOR SOLENOID AND CYCLONES 



FACTOTUM ELECTRIC COMPANY 

C i 3 V E R  S H E E T  

5- /o- ,- ZME. ............................................. 

......................... . . . . . . . . . .  PHONE: 

~Z.Z...!2?..?32~=J A 

Oliver Il'oilard PHONE: 0!1 +z= 6 ~ - ?  
FAX: O i l  4~5- &%a F 

... . - 

&zE 7,. .== . - - '  =--f e... ,.... ................. , .c .... z... .......... 

.";urr~ber ci pases ~ncluding cover  she&: ...... 

Please coctact "8 ondenigned immediately oJ lr,ccmc;hte or !!legible trsns?~isr!on. 



MULTOTEC TELEFAX 
PROCESS EQUIPMENT (PIT) LTD. 

28 Forge Road, Spartan, Kempton Park, P.O. Box 224, Kemptun Park, South Africa 1620 
Tel: (01 1) 923-5000 Fax: (01 1) 394-9225 EMAIL: multote@iafrica.com 

To: DE BEERS KLElNZEE - KONlNGNAAS Date: 6TW OCTOBER 2000 

Fax: 027 807 7080 Ref. No.: HA14678 Rev 21NUls 

Atm.: !LANA MYBURG Pages: f OF 17 

D i m f  Wephone number5 - Cyclones Oivisian 
.Produd Manager J~nrrtf h r m  ( 9ZSO17 ( Snr Rcrces= Enginerr 1 Fsmndo Monbiru 1 92m12 

I Emst Wker 

Cyciones Enquiry - C510 Cydone. 

'Dear llana 

Your telephone .conversation with Jeremy Bosman during last week refers. 

The options far the  C510 cyclones available currently sre as fullows; 

1. Old type cast iron cyclone. 

These are of our old designs and aR &form 279'0 chrome =st iron. 

2. New type cast iron cyclone 

These cyclones are manufactured from the same material as the old type, but have a 
reduced mass due to a d-mrent flznging system (CY3-1517 and CY3-1608). 

3. Old type =st iron cyclone with stainiess steel shell with a ceramic tiled liner. 

The spigot is cast iron [CYI-1310 and CY1-1152). 

4. Old type cast iron cydone with a stainless steel ceramic lined cone-spigot. 

This cyclone is as per 3) above, but the cone and spigot js one unit and has a stainless 
s t d  shell with a ceramic tiled liner. (CY7-0426 and CY7-0425). 



MULTOTEC PROCESS EQUIPMENT (PTY) LTD 

5. Stainless steel ceramic lined complete cyclone. 

This cyclone has a complete stainless steel shell with a ceramic tited liner. (CY7-0428 
and CY7-0427). 

6. Stainless steel silicon carbide lined cyclone. 

As per 5 with silicon carbide solid rings instead of alumina tiles. (CY7-0428 and 
CY 7-0427). 

7. Tungsten carbide cyclone. 

Stainless steel shell with ceramic lined inlet head and Tungsten carbide lined vortex 
finder and cane spigot (Complete Tungsten carbide rings can only be made up to 420 
mm in diameter). (CY7-0428 and CY7-0427). 

All the above c a n  be supplied with or without a barrel. 

I include a quotation for all the above as well as generzl outlay drawings for comparison. 

I trust that this will meet your requirements. Should you have any f ~ t t h ~ r  queries, please do 
not hesitate to contact me. 

Yours sincsrely 
MULTOTEC PEOCESS EQUIPMENT (PTY) LTD 

~ i e l  Lourens 
Senior Process Engineer - Cyclones 



MULTQTEC PROCESS EQUIPMENT (FW) LTD 

QUOTA TlON NO.: HA14678 Rev 2 

Description: Old type cast iron dense medium cyclone. 

Part Number: C510-20-OJBB-Af110 (OLD) with 90 degree overflow 
el bow. 

Prica each: R 24 445.00 Packed, Ex Works, and Excl. V.A.T. 

Number required: 1 off 

lfem 1.1: 

Description: 

Part Number: 

Frice eacfi: 

Number required: 

Total price: 

Item 2: 

Description: 

Part Number: 

Price each: 

Number required: 

Total prlce: 

R 24 445.00 Packed, €x Woks, Exd. V.A.T. -----..-- ----- 

Cast iron barrel for old type C510. 

51-BL (OLD) 

I? 4 50.00 Packed, Ex Works, Excl. V.A-T. 

1 off 

R 4 560.00 Packed, Ex Warks, Excl. V A T .  
-- -- 
-I---- 

New type cast irwn dense medium cyclone. 

C510-20-OiBB-A/110 (NEVV) with 90 d e g ~ e  overflow 
elbow. 

R 22 000.00 Packed, Ex Works, Excl. V.A.T. 

1 off 

R 22 900.00 Packed, Ex Works, Excl. V.A.T. --------- 
--PA-- 



MULTOTEC PROCESS EQUIPMENT (PIY) LTD 

. "  !tern 4: 

Description: 

Part Number: 

Price each: 

Number required: 

Total price: 

Item 4.4: 

Description: 

Part Number: 

Price each: 

Number required: 

Total price: 

Description: 

Part Number: 

Price each: 

Number required: 

Total price: 

Hybrid cast iron cyclone with stainless steel ceramic lined 
cone -spigot. . 

HY510-20-0/BB-A/llO (SA cone-spigot) with 90 degree 
overflow. 

R 50330.00 Packed, Ex Works, E x I .  VAT. 

I o f f  

R 50 330.90 Packed, Ex Works, E x t i .  V.A,T. -------- --------- 

Cast iron barrel for Hybrid cyclone. 

51-EL (OLD) 

R 4 560.00 Packed, Ex Works, -1. V.A.T. 

1 oif 

R 4 560.00 Packed, Ex Works, Excl. VAT .  --------- -------- 

Complete stainless steel cjdone lined with cerzmic tiles. 

SA5 10-20-O/BEAlllO with 90 degree overilow el bow. 

R 75 950.00 Packed, Ex Works, Excl. V-AT. 

1 off 

R 75 950.00 Packed, Ex Works, Excl. VAT.  -------- 
--I- 



MULTOTH: PROCESS EQUIPMENT (Fll') LTD 

- 

QUOTA77ON NO.: HA14678 Rev 2 

. . item 5.1: 

Description: Stainless steel csrarnic lined barrel. 

Part Number. SA5 1 -0L. 

Price each: R 10 710.00 Packed, Ex Works, Excl. V.A.T. 

Number required: 1 off 

Total price: R 10 710.00 Packed, Ex Works, ExcL V.A.T. ------- ------- 

Description: Complete stainless steel cyclone, lined with silicon 
carbide sections. 

Part Number SSDS?0-2Q-O/6BAr/llO with 90 degree oveflow elbow. 

Price each: R 70 225.00 Packed, Ex Works. Excl. V.A.T. 

Number required: 1 off 

Total price; R 70 225.00 Packed, Ex Works, ExcL V.A.P. 
1--1-11--11 ------- 

Description: Staicless steel silicon carbide lined barrel. 

Part Number: SSD51-BL 

Price each: R 8900.00 Packed. Ex Works, Excl. V.AT. 

Number required: 1 off 

Total price: R 8 900.00 Packed, Ex Works, Excl. V.A.T. 
-111--11111;1 - 



MULTOEC PROCESS EQUlPMENl (PIY) LTD 

QUOTATIQN NO.: ~ ~ 7 4 6 7 8  Rev 2 

Description: Stainless steel shell with inlet head lined with ceramic 
tiles and rest lined with Tungsten carbide. 

Part Number: WY51O-20-OIBEAll10 with 90 degree overflow el bow. 

Price each: R 397 170.00 Packed, Ex Works, Exel. VAT.  

Number required: 1 off 

Total price: R 397 170.00 Packed, Ex Works, Exd. VAT. ------- -- 

Description: Stainless steel ceramic lined. 

Part Number: SAS1-BL with 90 degree overflow el bow. 

Price each: R 10 710.00 Packed, Ex Works, Excl. V.A.T. 

Number required: 1 off 

Total price: R 10 740.00 Packed, Ex Works, Exel, V.A-T. 
- - U "  

Dependant on configuration ordered. 

3310~inw 
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; DELKOR TECHNIK (PTY) LTD 

~ L ? x ~ ~ T ~ P U C E , ~ ~ R D A D , ~ ~ ~ ~ ~  
REG. m. 86,ma1/07 

I DE BEERS I 

we thank you for your valued enquiry, and Dke p t w r e  in submitting the folm.ng 
infomation for your evalrratjon 

A l T  

I. MLKOR 

MR W O W  ZEBERT 

Delkor TechnIK Is a wholFy owned South African cornparry speclaTIng in procea 
equipment and Phnt supply. Delkor nas built up an excellent reputation over the k t  25 
years In the mining, rne-tal~umim~, sewage, v m t ~  water and chemlcal industries In the 
sorrth Afn'can region and internatlonany. 

RE 

In tmm of a Mnufacbring and Dbtriiutorship Agreement Wh Kreb~ 
Engineers and USA), Qentor Tectvlik 8ty) L td  naS acl& fights for 
fne ma- and sale of ~rebs Cydones in Soutn Africa anU other 
specifiam-m 

Kr&s Engineers are me rarged; worldwide suppriers of c y d m s  WWI in 
cf 62,000 units in opeallon in WOUs applicarjom, -- h W  

meCri -on of mar and rninemk. ~5 a result uf Usis exbmiw 
~ e n c e a n d I ~ a n s , W b s h a v e a c e e r s t o a ~ ~ ~ k R  
in perfam accuml~ stmulatioris aW select qwnUI%?s, design and 
m?flgllRdm of cydOne most Suhble mr any partlwt a ~ p l i ~ o n .  



In Solrtn Afn'ca mbs me a subrtantial market Share in the platinum 
industry. 

The Webs design offers replaceable liners. rnis hi% numemus advantages 
including: - 

----- -----___ 
Fast turnaround time i K 0 9 e r h a u t i n g u n ~ M n - a W ~ ~ p  - 

Accurate nxwldlngs, compared to hand laid mbbw, resulting in more 
efficient art polritr. 

PosibiIiUe-s in onfy having tO replace worn liner s~Slom, wnfch can be 
aane an slk. 

An otiqinal design feature of the m b s  N o n e  is the involuted feed entry, 
which rnlnimiss the turbulence of the fed entering Ute cyclone. Minlmai 
hlrbolence In lfle cyclone inlet head -on p m i t s  tfte Kr* cytlone to 
make fine Separaffom while wing vortex findm of la't'ger dbmekr 
increase cyclone capacity. 

TraditioMl tangential feed entry mults in accelerated wear of the inlet 
head bnrnediateiy dawrtstream fmrn the feed enby. The Krebs inlet noale 
configuraBon iirtroduces feed as a namw ribbon, and me ImIuted f e d  
path rnlnimises liner wear and ttlis reduce aperatlng costs. 



Capacity and classiflcation c n a m i s t i c s ,  for each KreB CYclone, can be 
rnodlWfd by interchanging liners and/or orifice fittings as i n d l w  below: 

cr InletHead Liner 
u VortexFInder 
w Apex Valve Linen or Inserts - . CYnndW and Cone ='on 

2.5 S D X l O W E D  CYCLONE H O I R W  

Metal cydone hollsings fitted wfth moulded liners offer the advantage that 
relatiuely inexpensive liners an be repfaced as neces3ry. War due fa 
n0mIa1 abrasion tends to be most severe In the lower cone mom, and 
snralla cone housing linen can be replaced easify and at low cMt For 
resistance to severe abrasion, lower cone housing5 can be fitted with 
ceramic Iiners. 

26 FED AND lWERRMV GONNECNONS 

Feed Inlet and overflow adapten for uebs Odons can be supplied for 
connmmon to piping by means of V l c ~ u ~ c  muplings, grooved or plain end, 
or with standard m n g a  

A large range OF linw types are available Including: 

Rubber 
w Uretnane 
R Nihard 
~r Nitnle bonded Sllicon Carbide 

Alumina Ceramics 
Reaetion bonded sillcan amlde. . 

Wbs pnnosQphy in Wane design is to: 

a' ~ f f e r  a M 6 l e  cyclone system -uA - - Reduce operating cue by installing replaceable llners 
w optimke the crrt DoInt and cydone efficiency 
r SpeCiPl tne opUmurn eydone configuration for each ap~IiQU0n- 
3 -  - - 



DELKUR TECHNIK (Pty) Ltd 

3. CYCLONE SIZING 

Based on me infonnatlon provided by yoursewes, we advise that we can offer one Of two 
cyclones. 

Due to the fact that Kt'W cydones can treat a greater duty than equal sized competftor 

. . unlts, we can offer emerour M5B or m 6 .  

Should you be able to pravide more details on me expected flows, we a n  pro'iride 
f u r t n W a e B n . ~ n - M t e x - f i n d e t . ~ - ~ g e x . a n d  mlone. 

We have quoted for our top of me range monolitnic cenmlc liners, C K  The CMc 
ma-I, Cet'amic Metal Compound, Is cornposed of Silicon Carbide grains In an Alumina 

- cenrnle Matrix  HI induder metal Alumina parljcler This  the material is impact 
resistant as well as providing exmlent wear c&ractwisticr. Nomal ceramic tines have a 
2-3mm wearing surface, and once ark is worn away, rapid deterloration cxxurs. This is 
not Me case wfth [XK: Whidl has a very even Wear pattern thmughout the thickness Of 
the liner. 

For me supuly of one off M5LB cyclone with 316l Housing 
and CM lines, delivered to Wimee r 3 8 1 rWn R 185,000-0 

FOT me supply of one off MOB cyclone with 316L Housing 
and CMC liners, deIlvered to Klelnzee = qj og Fyr\ R 213,tYN.K~ 

commiaioning is avdbble at R 2,500.00 per day witn travel and accommo&tion a t  
cost with domerited proof. 

I) . 100% of contmd value on delivery to site 
b I W% of supmidon on compfetion of acfr separate f u n d o n .  

We antidm a Wery period of 12 weeks frwn date of order. 
.. - - 



8. GENERAL 

We trust our offer meets with your approval, and looK forward to W-cipadng in this 
&sting test campaign.. 

Yours t2lthfulW, 
DELKCIP TECHMX Ivrn LTD 


