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SYNOPSIS

The history of the early diamond fields and primitive methods of diamond recovery are traced, giving
a brief description of the improvements made in final diamond recovery processes and techniques up to
the present day. In particular the emphasis is on the effect of improved equipment in reducing final hand
sorting time and labour, better security and greater recovery of fine diamonds.

INTRODUCTION

Diamond occurs in its associated ore-bodies in the
ratio of approximately one part to 15 million by weight.
Although the ratio varies slightly from mine to mine,
the figure is representative of conditions at all mines in
the Kimberley area.

It will immediately be appreciated that a tremendous
concentration of the ore must be affected and, unlike
most minerals, the diamond must finally be recovered
in its natural form. Thus, during the entire treatment
process, no chemical or physical methods liable to cause
damage to the diamond may be employed. Furthermore,
due to the value of the final product, direct handling
must be kept to a minimum at all stages of the process.
The processes involved must be efficient and the final
concentrate delivered to the sorting table must be a
minimum quantity for final hand sorting. This represents
the final step in the recovery process and relies on the
detection by the human eye of the diamond and its
subsequent removal by hand from worthless gangue
particles.

The purpose of this paper is to detail the various
processes at present being used to bring about this
reduction in final sorting and to show their overall effect
on sorting office requirements.

HISTORICAL BACKGROUND

The first diamond recovered in South Africa was hand
picked from river gravels on the banks of the Orange
River near Hopetown in 1866. This diamond, later
named the Eureka, had been selected from other pebbles
on acccount of its brightness and colour by a young boy
and was used, before its identification, in a children's
game played at that time. It is of interest that this
diamond was re-purchased by De Beers in 1966 and
presented to the Houses of Parliament where it is now
displayed.

The discovery aroused only limited interest among
the local farmers who sorted through heaps of pebbles
deposited on the river banks. It was not until March,
1869, that the second major stone was found; this was
discovered by an African shepherd on the farm Zand-
fontein, also near to the Orange River. This diamond
(the Star of South Africa), which weighed 83! carats,
was sold for a considerable amount of livestock and is
credited with having changed the economic history of
Southern Africa.

Following this discovery, numerous prospectors rushed
to the river banks hoping to make their fortunes; most
of the activity was centred around Klipdrift (now called
Barkly West).

Their recovery methods were laborious and required
much toil. The gravel was washed in cradles with two
or three screens of perforated iron or wire mesh, set to
form partitions with discharge holes so graduated that
the larger gravels were held above the upper coarse
screen, while the sand and lighter gravel was discarded
through the lower screens. Shaking of the cradle caused
a deposit of the gravel of higher specific gravity to be
concentrated on the bottom of the screens. This concen-
trate was carefully taken from the cradle and carried to
the sorting table where it was examined for the presence
of precious stones. This washing machine was similar
to the cradle used by the Australian gold placer miners
and had also been used extensively on the Brazilian
diamond fields.

Hand sorting was accomplished either by the prospec-
tor himself or by African labour in his employ and kept
under strict surveillance. It was not uncommon, however,
for diggers also to employ their entire families on the
sorting tables.

In August, 1870, a 50 carat diamond was found on
the farm Jagersfontein in the O.F.S. A little over a month
later another farmer picked up diamonds at the edge
of a natural pan on the farm Dorstfontein, 100 miles
North-West of Jagersfontein, and the site of the present
city of Kimberley.

The news of these discoveries spread rapidly and a
rush to the so-called 'dry diggings' started. Within a
period of 12 months five major diamond pipes had been
discovered, four of them (Dutoitspan, Bultfontein, De
Beers and Kimberley Mines) at 'New Rush' (Kimberley)
and the other at Jagersfontein. In 1891 the Wesselton
Mine (then known as the Premier Mine) was discovered
within five miles of the Dutoitspan and Bultfontein
Mines. It is interesting to note that, of the mines men-
tioned above, only the Kimberley Mine (or 'Big Hole')
is no longer producing. By 1872 there were more than
50 000 people in an enormous tent town, the thousands
of diggers each working 30 ft X 30 ft claims. The extent
of this operation can be seen in the photograph in Fig. I.
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Fig. 1-Claims of 30 ft x 30 ft being worked at the Kimberley Mine (1872)

The mined ore or kimberlite, known as blue-ground,
was pulverised by beating with shovels or other imple-
ments, and the crushed rock screened through a rocking
sieve made with fine strong wire set in an oblong frame.
When this rocker was swung rapidly the sand and dust
was screened out leaving a 'concentrate' of fine chips
and pebbles. This was then delivered to the sorting
tables for the tedious final recovery of diamonds. It was
estimated that between a third and a half of the smaller
diamonds were lost in this method and losses incurred
by theft were enormous.

By 1874 the water supply to the mining camps had
been improved and a portion of this water was used in
the diamond washing appliances. Most of these early
machines were simple cradles fitted with riffles or ridges
set at intervals on the bottom and a sieve at the end.
The pulverised ground was introduced to the cradle
with sufficient water to wash away the slime and with the
motion imparted to the machine, a heavy mineral con-
centrate was deposited on the bottom. The tonnage
handled by these rockers varied from six to 13 loads per
day, a load being defined as 16 cu ft of broken ore
weighing 0.8 ton.

EARLY DEVELOPMENTS

These rockers were followed, in 1874, by the rotary
pan, an annular shaped vessel fitted with a set of revolving
teeth which stirred the ground and water and allowed
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the heavier concentrate to settle on the bottom. The
teeth were wedge shaped and set to form a spiral and,
with the rotating action, moved the diamonds and other
heavy minerals to the outer periphery of the pan, while
the lighter material flowed over the discharge opening
set in the inner rim. The pans were fed by the undersize
from 1tin. trommels to protect them from lumps of
unweathered blue-ground. Each trommel delivered the
sized ground evenly to two pans and ensured a con-
tinuous and steady feed while trommel oversize was
delivered to crushing rolls. Puddle (a suspension of the
fines in water) was introduced to the pans with the ore.
This improved the separation of the heavy from the
lighter minerals and also resulted in a considerable
reduction in water consumption, which was, in fact, the
primary reason for the development of the rotary
washing pan. The details of a pan are seen in the picture
of Fig. 2.

It is of interest to note that this type of pan is peculiar
to the diamond mining industry and has remained to
this day a major method for primary concentration of
kimberlite ore. Engineering improvements have been
made but its principle of operation is unchanged; it is
now capable of treating considerably higher tonnages.

Pan concentrate was extracted at regular intervals
and gravitated to a riddle in a bath of water. A recipro-
cating motion imparted to the riddle swept the heavy
minerals to the bottom and centre. The riddle was then
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removed and the contents deftly inverted on a sorting
table where any diamonds were detected and recovered.

With increased depth and the consequent increased
difficulty of mining small claims, often at difficult depths,
individual claims were gradually amalgamated, leading
to the eventual formation of De Beers Consolidated
Mines, Ltd. in 1888.

Meanwhile gradual progress was being made in
methods for the pulverisation of the ore and it was soon
observed that blue-ground would rapidly decompose
when subjected to weathering. The larger companies
who could afford to accumulate and store substantial
tonnages of mined ground, deposited the ore on large
areas of land. These 'floors', as they were called, were
regularly harrowed and watered and over a period of
nine to 18 months yielded a product suitable for the pans
without pulverising.

With the consolidation of the various diamond mining
companies into De Beers, production became centralised
at one plant per mine. Weathered ore from the 'floors'
was washed in a series of pans which were then each
capable of treating 300 loads during a 10 hr shift. At
the completion of a day's wash, the pans were cleaned of
their concentrate and this concentrate, which amounted
to one per cent of the total feed, was delivered to the
Pulsator Plant.

The Pulsator housed a series of Harz jigs which, on
account of their action, were called 'pulsator' jigs. Feed

to each jig was closely sized with all minus l6 in. material
being stockpiled for eventual re-treatment. The jigs
effected a further 42 per cent reduction of the bulk and
all jig concentrate was then hand sorted.

It was estimated that for every 100 loads washed, 5/12
of a load passed over the sorting tables. Here the dia-
monds were picked out by hand, first by Europeans and
then re-sorted by African convicts. The concentrate was
worked over as long as the cost of handling was repaid
by the gleaning of diamonds.

The work of hand sorting all concentrates was slow
and tedious involving large numbers of men. Various
attempts were made to obtain a greater reduction on
the finer sizes with the use of shaking tables and it was
at this time that an operator (Fred Kirsten) accidently
discovered that diamonds adhered to grease whereas all
other minerals in the ore, unless accidentally trapped,
could be washed away with water. This discovery, in
1897, represented a tremendous breakthrough with
regard to the quantities of ground to be hand sorted.
In addition it represented a considerable improvement
in efficiency.

Early figures indicated that the quantity of concen-
trate to be hand sorted did not exceed one cubic foot
for every 12000 loads of blue-ground washed, whereas
prior to the development of the grease tables this had
been 800 cu ft for the same quantity of ground washed
(12000 loads was the combined quantity of ore treated

Fig. 2-Rotary washing pan
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daily at the Kimberley and De Beers Mines). The reduc-
tion in labour, coupled with an increase in production,
brought about by grease tabling was therefore con-
siderable.

Early grease tables were of the side shaking type.
These were modified in 1949 to stepped tables which
are electro-magnetically vibrated through a vertical plane
(Fig. 3). These tables, however, require constant super-
vision and the grease surface needs to be removed and
replenished hourly. To eliminate this labour the grease
belt was developed for the treatment of + 7 mesh
concentrates. The concentrate is continuously passed
over an endless conveyor belt coated with a layer of
grease. Waste gravels are washed off at the point of
contact, whereas diamonds, having adhered to the grease
surface, are automatically removed at the end of the
belt's travel; fresh grease is automatically re-applied at
the head end. From experience subsequently gained at
the new Finsch Mine, it has been found that the belt
as such is not suitable for the treatment of -7 mesh
concentrates. A vibrating action is necessary to bring
the smaller particles firmly into contact with the grease
and also to prevent clusters of particles from rafting
over the surface. This modification has been incorporated
into the - 7 mesh belts at Finsch Mine.

It will be noticed that all the above mentioned methods
of grease treatment rely on the action of water flow for

the removal of gangue particles. This flow has to be
carefully controlled to prevent diamonds from being
eroded from the grease and for this reason the grease
table/belt feed is suitably sized and the water require-
ments adjusted accordingly.

In 1925 the depositing floors were replaced by crush-
ing plants and in 1952 heavy media separation, using a
suspension of ferro-silicon in water, replaced the old
type of Harz jigs.

Concentration had now developed into a four-stage
process:

(i) Primary reduction in washing pans (Washing
Plant).

(ii) Secondary reduction by heavy media separation.
(iii) Concentration over grease tables/belts, or through

X-ray Sorters (see below).
(iv) Final hand sorting to remove unwanted gangue

particles.

RECENT DEVELOPMENTS

The present Recovery Plant at Kimberley was con-
structed in 1958 and consists of the heavy media separa-
tion plant, grease tabling sections and a sorting office.
It is staffed by a manager, 13 Europeans (including a
head sorter and three assistant sorters) and 11 Africans.

Fig. 3-Electro-magnetically vibrated stepped grease tables
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Concentrate from the four producing mines in the
Kimberley area - collectively termed 'De Beers Pool'-
and from three smaller plants retreating old tailings
dumps is treated. In addition, final grease table con-
centrates from the Finsch and Jagersfontein Mines are
delivered twice and once weekly respectively for final
hand sorting. Table I shows the quantities received from
these sources during September, 1966.

A proportion of gangue is collected with the diamonds
in the grease table concentrates. These particles remain
on the grease surface as a result of being impacted into
the grease film by adjacent particles, or due to the water
flow over the table or belt surface being of insufficient
strength.

In 1966 the Finsch Mine was brought into full pro-
duction and the concentrates received from this mine
imposed greater demands on the sorting office. Due to
the refractory nature of the Finsch diamonds, grease
belt feed had to be conditioned and this resulted in a
considerable amount of gangue particles also adhering
to the grease, in particular in the finer sizes.

It will be appreciated that in hand sorting each particle
has to be individually examined and then either retained
or discarded. Below 7 Tyler mesh the particles are
small and very numerous and concentrates, even though
weighing only a few pounds, would require many hours
to be efficiently sorted.

With greater emphasis now being placed on fine
diamond recovery and in view of the difficulty in sorting,
most of the recent developments have taken place in
this size range and reduction processes additional to
grease tabling have been evolved. These processes are
required for producing a final concentrate containing a
high percentage of diamonds which may easily be
sorted by hand.

(a) X-ray separation

Diamonds fluoresce to a high degree and emit visible
light under the influence of X-rays. This fact, although
known for some time, had not been exploited until
recently.

Following initial success with a conventional colour
sorting machine used for sorting seeds, work was under-
taken to develop a machine incorporating the use of
X-rays and capable of recovering diamonds both of gem
and industrial quality. Retaining the identical feed and
ejection system, a prototype machine was built which,
on two passes, gave 100 per cent recovery of diamonds
from +7 mesh concentrates.

Fig. 4 is a simplified diagram showing the operation
of the Sortex XR 21 separator. In the operation of the
machine, particles are drawn from a hopper over a pair
of vibratory feeders and fed in single file onto a pair of
grooved conveyor belts travelling at a speed of 50 in.
per sec. These two streams of particles are projected into
free falling trajectories through twin sensing zones.
Whilst in mid air each particle is irradiated in an X-ray
beam and viewed by a photomultiplier tube. The fluor-
escence of the diamond is immediately detected and, at
the resulting signal from the photo multiplier, a puff of
compressed air is triggered to deflect the diamond from
the gravel stream.

The entire operation is carried out in a sealed, light-
proof cabinet and the XR 21 machine is capable of
handling up to 300 lb. per hour of -i in +7 mesh dry
feed.

ELE'TROMle AMPLIFIER ~
E:J!CTOR C:ONTI'WL ~lJl'IT~

Fig. 4-Sortex X.R.21 separator

Ten of these machines, in two banks, have replaced
the -4 mesh +7 mesh grease belts at Finsch Mine; a
further machine has been installed at the sorting office
in Kimberley for reconcentrating grease table and X-ray
sorter concentrates (Fig. 5).

Fig. S-Sortex X. R. 21 separator

The Sortex XR 11 machine is a development which
is capable of handling tonnages ranging from two to six
tons per hour depending on the size of the particles to
be treated. These machines operate on a similar system
to the XR 21 except that the twin grooved conveyors
have been replaced by a six in. wide belt.
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Several XR 11 machines have been installed at Finsch
for concentrating +4 mesh heavy media concentrates
and are at present being installed at the Kimberley
recovery plant to replace the +4 mesh grease belts.

It is of interest that zircon is present in the Kimberley
ores. This mineral fluoresces in the same colour spectrum
as the diamond and is thus similarly ejected by the
machines. The zircon predominates below 4 mesh so
that a considerable amount of concentrate, too great
for sorting, would be produced. The existing machines
are thus not suitable, at this stage, as a replacement for
the Kimberley -4 mesh +7 mesh grease tables. Research
is being undertaken and it is anticipated that, once a
solution to the problem has been found, modified XR 11
machines will be installed to treat this size range.

(b) Vibrating grease belt

At Finsch Mine the Recovery Plant initially incorpor-
ated the use of conventional grease belts to treat the
- 7 mesh +28 mesh heavy media concentrates. As the
diamonds at this mine are refractory and hence not
readily amenable to grease recovery the grease belt
feed required prior conditioning and this, in turn,
resulted in a high proportion of adherence by gangue
minerals.

Initial tests with a three ft x eight ft mill and greased
screen proved that, providing the diamond surface is

sufficiently scoured, it will readily adhere to a vibrating
grease surface. Work was therefore put in hand to
develop a vibrating grease belt.

The prototype proved entirely satisfactory and two
vibrating grease belts (Fig. 6) are now in operation on
- 7 mesh +28 heavy media concentrate. Attritioning of
grease belt feed is accomplished in six ft. x four ft mills
and no further conditioning is required. Adherence to
the belt is low and the efficiency high.

(c) Selective milling in laboratory mills

It has been found that, with selective milling in small
laboratory mills where the impact loading is low, above
90 per cent of the softer gangue can be ground to slime.
On account of their hardness, the diamonds remain
undamaged and diamond breakage may be considered
negligible.

The mills in use are six in. in diameter by 12 in long
and run on rollers. They are charged with i in. steel balls;
the total ball charge weighing 25 Ib, has been determined
by tests to be the most suitable for local conditions.
Sufficient water is added to cover the whole charge and
the mills revolve at a speed 52 per cent of critical.
Milling time depends on the size and nature of the charge
but is usually about six hours for 10 Ib of De Beers
Pool concentrate.

Fig. 6-Vibrating grease belt
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(d) Selective milling in a concrete mixer

Greater quantities of -7 mesh +28 mesh grease belt
concentrates, such as those received from Finsch Mine,
which are too great for treating in laboratory mills, are
selectively milled in a standard concrete mixer.

The milling charge consists of one in. steel balls; the
quantity depends on the weight of ground to be milled,
with a ball to ground ratio being kept constant at two
to one. Sufficient water is added to cover the charge.

Milling time is again not fixed and is determined by
the reduction of the gangue. Normally, four hours is
sufficient to effect a 90 per cent reduction of a 50 lb
charge of concentrate.

(e) Greased screen

The so-called greased screen is a particularly useful
method of reducing bulky concentrates by grease
adherence. Greased screen concentrates contain a high
percentage of diamonds, even in the finer size ranges,
and the efficiency attained is exceptionally high.

Basically it comprises covering the lower 12 to 15 in.
of a standard 18 in. X 36 in. vibrating screen with a layer
of grease. Wash sprays are positioned so that the water
strikes the screen cloth immediately ahead of the greased
portion. In this manner no water passes down the grease
surface and gangue particles depend entirely on the
vibration of the screen for their rejection. With the high
rate of vibration, clusters of particles are broken up and
prevented from reforming and all particles contact the
grease surface on several occasions.

The greased screen is generally used in conjunction with
a concrete mixer where the milled product is washed and
screened on the upper portion of the screen and diamonds
recovered on the greased lower portion.

(f) Skin flotation

The phenomenon of skin flotation has been known
for many years but was first introduced to the diamond
industry in 1949. The principle of the process is for the
desired mineral to be water repellant and float on the
surface, and any undesired minerals to remain wetted
and submerged.

For diamond recovery by this process, the diamond
surface has to be perfectly clean and free from any
contaminating substance which might render the particle
surface water-avid or wettable. The surface cleaning may
be accomplished by:-

(i) the milling process previously described or
(ii) boiling the sample in chromic acid.

This latter process is costly and only suitable for very
small samples. Preference is therefore given to milling
where additional reduction of gangue is also obtained.

After being washed free of slime, the milled product
is placed in a beaker to which is also added sufficient
sulphuric acid to cover the contents. Cold water is added
to fill the beaker and the diluted acid decanted into a
second beaker, leaving only sufficient behind to cover
all particles. The first beaker is then tilted gently back
and forth so that the particles are brought into contact
with the air. The diamonds, being non-wettable, are
brought to the liquid surface at the air-liquid interface
and remain on the surface by the action of surface-
tension.

The diamonds are then decanted into the second
beaker and, by stirring with a glass rod, the surface

tension is broken and the diamonds sink to the bottom
of this beaker. Sufficient liquid is returned to the first
beaker to repeat the process. The procedure is continued
until all diamonds have been floated away from the
gangue and nothing more is seen to float. The flotation
concentrate, consisting almost entirely of diamonds, is
delivered for final hand sorting and requires a relative
short sorting period. Tailings from this flotation stage
are returned to the following batch for milling so that
no losses are experienced.

In certain cases, some difficulty is encountered in
floating the diamonds; in these instances one drop of
transformer oil is added to the contents of the beaker.
Acting as a promoter, this rapidly brings all diamonds
to the surface, but if a slight excess is added, undesired
minerals, notably garnet, are also made to float. It is
for this reason that the addition of oil is carefully
regulated and only made when necessary.

(g) Electrostatic separation

It is well known that pure diamond substance has a
very low electrical conductivity and thus will not be
influenced when subjected to a high tension field.
Gangue particles, being better conductors, are influenced
by electrostatic forces and may therefore be removed
from a diamondiferous feed. Fig. 7 is a simplified sketch
showing the operation of an electrostatic separator.
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Fig. 7-Electrostatic separator

A high tension charge is induced on both the rod and
pin point electrodes. Initially the diamonds, being poor
conductors, are given a strong positive charge and are
repelled by both charged electrodes. At the same time
there is a strong attraction on the diamonds by the
earthed roll and they are deflected to the left (diamond
bin).

The gangue particles, being stronger conductors
similarly receive a positive charge but immediately give
this away to earth. Their assumed earth potential results
in a strong attraction towards the positive rod electrode
and also a repulsion from the earthed roll, so that these
particles are attracted towards the right (waste bin), as
shown in the sketch.

The electrostatic separator is generally used to clean
skin flotation concentrates. Its particular use is for the
removal of small flakes of mica which are not reduced
in milling and which in the finer size ranges present
some difficulty in sorting on account of their physical
properties.
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CURRENT SORTING OFFICE PRACTICE

As previously mentioned, the sorting office is staffed
with a Head Sorter and three Sorters (Fig. 8). In addition
to this staff, a further employee prepares concentrates
for receipt by the sorting office and is in control of all
milling, skin floating and the drying and sizing of con-
centrates. These five persons are responsible for the final
processing of all concentrates produced by the four
Kimberley mines, three dump re-treatment plants and
the Finsch and Jagersfontein mines.

Grading of concentrate into closely sized parcels is
beneficial as it has been found that the more uniform
the size of the particles, the easier they are to sort.
Final recovery of the diamond is entirely dependent on
the skill of the sorter, whose eye is trained to select the
required particle on account of its lustre, colour and
shape. Occasionally it may be found necessary to exploit
the high degree of hardness of the diamond as a final
means of identification and this operation is performed
by firmly pressing the particle between steel plates. A
diamond will not readily fracture whereas other associ-
ated minerals will easily be crushed.

Fine grains of waste matter attached to the diamond
surface are removed by soaking in hydrofluoric acid for
48 hours, and the final parcel delivered to the Diamond
Producers Association is completely clean and consists
only of diamonds.

Details of the flow of +7 mesh and - 7 mesh con-
centrates through the recovery plant are shown in Figs.
9 and 10.

The quantities of concentrates which have been
handled by the sorting office before, and since, various
improvements have been made are shown in Tables I,
11, III and IV. It will be clearly seen that without the
use of the ancillary processes already mentioned, hand
sorting of these concentrates would be impossible with-
out a considerably larger sorting staff. Fine diamond
( - 7 mesh) concentrates in particular, would require
almost 70 000 sorting minutes per week and this, together
with the primary concentration processes necessary,
would render the recovery of fine diamonds uneconomic.
The benefits derived from milling and skin flotation are
therefore quite obvious as 90 per cent of the gangue may
be reduced by selective grinding and a further 98 per
cent of the remaining gangue removed by skin flotation.

Fig. 8-Diamond sorting
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I

De Beers Dump

I

Jagersfontein
I I

Other
pool concentrates Finsch samples Total

------
(a) +7 Mesh

Weight delivered/week (lbs.) ., 49.2 36.6 38.9 140 10 247.7

Diamond frequency (per cent) 9.60 0.60 2.00 2.06

Serving time (min) .. .. .. 1260 900 120 1750 360 4390

(b) -7 Mesh
Weight delivered/week .. .. 35.4 21.0 7.5 150 213.9

Diamond frequency (per cent) 13.30 3.39 0.65 8.50

Time to hand sort final conc.
(mins) .. .. .. .. .. 450 240 50 800 1540

Estimated time in minutes to
hand sort original - 7 mesh con-
concentrate if milling and skin
flotation not employed .. .. 20 000 9000 6000 35 000 70000

HM. CONC

1//
+ 7 MESH TO DRYING AND

SOR ING SCREENING
TABLE

DEGREASING

WA SHING PLANT
EXTRACT

~ j!

~E
! TABLING

TO TAILI NGS

DEGREASING - D:~~NE~~~g -- 5E~:.;;OR
fAILS

SORTING
TABLE

CONC.

~ 28 MESH~- WASH SCREEN

~
SLIME TO WASTE

SKIN
FLOTA TION

I
TO TAILlNGS~(1~

/1'"

TAILS CONC.

TAILS

I

-' iL~
/V"

I

SORTING
TABLES

Fig. 9- + 7 mesh concentrate flow sheet
TAILS

Fig. 10- -7 mesh concentrate flow sheet

TABLE I

CONCENTRATES RECEIVED FOR SORTING AT KIMBERLEY (SEPT. 1966)
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I

De Beers Dump
pool concentrates Jagersfontein Finsch Total

--- --
(a) +3 Mesh (Hand sorted as received)

Weight received/week (lb) .. .. .. .. .. 10.8 33.6 0.73 22.0 73.7

Diamond frequency (per cent) .. .. .. .. 4.84 0.13 17.48 0.63

Time to sort (min)
" " " " " "

30 45 5 20 100

(b) -3 mesh +7 mesh (treated through XR 21
machine)

Weight received/week (lb) .. .. .. .. .. 38.4 50.0 38.2 62.8 162.6

Diamond frequency (per cent) .. .. .. .. 18.71 0.56 2.00 3.40

Reduction of gangue (per cent) .. .. .. .. 99.16 99.74 99.82 99.77 99.75

Diamond frequency in conc. (per cent) .. .. 96.50 68.40 90.07 93.75

Time to sort final conc. (min) .. .. .. .. 70 35 15 45 165

Est. time in minutes to hand sort original con-
centrate without aid of XR 21 machine

" "
1 230 450 175 750 2065

X-ray
Concrete Vibrating X-ray separation

Before mixer grease separation at Finsch
Projects modifications milling and belt by XR 21 in XRIIB for

to Finsch mine colour at Finsch Kimberley +3 mesh
recovery sorting sorting XR21 for -3

at Finsch office +7 mesh
----- ----- ----(a) +3 Mesh

Weight delivered/week (lb) .. .. .. .. .. 25 25 - 25.0 120

Diamond frequency (per cent) .. ..
" "

0.63 0.63 - 0.63 0.15

Time to hand sort (min) .. .. .. .. .. 15 15 - 15 45
(b) -3 Mesh +7 Mesh ..

Weight delivered/week (lb) .. .. .. .. .. 148.0 55.8 - 62.8 400

Diamond frequency (per cent) .. .. .. .. 0.11 3.50 - 3.40 0.40

Reduction of gangue (per cent) .. .. .. .. - - - 99.77 99.73

Diamond frequency in conc. (per cent) .. .. - - - 93.75 91.29

Time to sort final conc. .. .. .. .. .. - - - 45 90

Estimated time to hand sort original sample
without aid of XR 21 machine .. .. .. .. 1750 660 - 750 5000

(c) -7 Mesh +28 Mesh
Weight delivered/week (lb) .. .. .. .. 150 91.2 55.8 - -

Diamond frequency (per cent) .. .. .. .. 8.5 14.86 24.15 - -

Time to sort final conc.
" " " " "

800 500 400 - -

Estimated time to hand sort original concentrate
(min) without milling and skin flotation

" "
35000 22700 13 900 - -

TABLE 11

EFFECT OF INSTALLATION OF XR 21 SEPARATOR IN KIMBERLEY SORTING OFFICE

Note: +3 mesh product is too large to be handled through XR 21 machine.
- 7 mesh +28 mesh product is too small to be handled through XR 21 machine and is treated as in the flow sheet in Fig. 2.

TABLE III

IMPROVEMENTS MADE TO REDUCE QUANTITY OF FINSCH MINE CONCENTRATES SENT TO KIMBERLEY
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De Beers Dump
pool concentrates

3000 150

0.12 0.09

1500 120

99.50 95.00

120 30

TABLE IV

INSTALLATION OF XR lIB SEPARATORS AT KIMBERLEY

(To replace +4 mesh grease belts)

+4 Mesh

Weight received/week by sorting office (lb)

Diamond frequency (per cent) .. ..

Estimated time to sort (min)

Diamond frequency in conc. (per cent) ..

Time to sort final conc. (min) . . ..

EFFECT OF RECENT IMPROVEMENTS ON SORTING
OFFICE PRACTICE

Listed and discussed below are the more recent
improvements made and their effect on sorting office
practice:-

(i) Concrete mixer milling of Finsch fine diamond con-
centrates

During the initial stages of development of the
Finsch mine, a considerable quantity of fine diamond
( - 7 mesh) concentrate was received from the grease
belts and delivered to Kimberley. This was treated
in 10 Ib batches for six hours each through the
laboratory mills but the time required to process
each delivery was excessive, and concrete mixer
milling was then introduced at Finsch and Kimberley
for primary and final reduction respectively.

Weekly fine diamond concentrate delivered to
Kimberley was reduced to 91.21 Ib (average), which
had to be milled in two batches for four hours each.
After skin flotation (occupying 200 min) and electro-
static separation (30 min), the final time required
for hand sorting was relatively short at 500 minutes
per week. It is estimated that to have hand sorted
the original sample as delivered would have required
22 700 minutes.

(ii) Vibrating grease belt for fine diamond recovery at
Finsch Mine

The introduction of attrition milling in conjunc-
tion with the vibrating grease belt at Finsch brought
about a further 39 per cent reduction of -7 mesh
+ 28 mesh concentrates delivered to Kimberley;
the total weight now amounted to only 55.8 Ib per
week. This requires four hours milling and a further
120 minutes for skin flotation.

Final hand sorting now only occupies 400 minutes.

(iii) Introduction of the XR 21 separator to sorting office

Table I indicates the sorting times required to
handle all final concentrate on a weekly basis before
any improvements were made. It will be seen that

4 390 minutes were required to hand sort all +7
mesh concentrates.

Since the introduction of the XR 21 separator all
-3 mesh +7 mesh concentrate is treated by this
machine, occupying it for a total of 1 230 minutes
per week. The time taken to hand sort final machine
concentrates is only 312 minutes while the +3 mesh
fraction still requires 156 minutes, as the machine
cannot handle the +3 mesh sizes. It was possible to
reduce the sorting office staff by one.

(iv) Effect on introduction of the XR 21 and XR 11
machines at Finsch mine

X-Ray separation has now replaced the conven-
tional grease belts for +7 mesh diamond recovery
at Finsch mine. This has increased the quantities of
concentrate delivered to Kimberley, but this increase
can be accommodated by the XR 21 in the Kimberley
sorting office.

On an average 400 Ib of concentrate are delivered
to Kimberley weekly; this quantity requires 400
minutes to be treated through one XR 21 machine.
This produces a concentrate with a diamond fre-
quency of 91.29 per cent that can be rapidly hand
sorted.

It is anticipated that, as experience is gained on
full scale production at Finsch, the percentage
concentration taken by the machines will decrease.

(v) Installation of XR 11 machines in Kimberley

Six of these machines, in two banks of three, are
currently being installed in the Kimberley recovery
plant to replace the +4 mesh grease belts. It is
anticipated that they will produce a greater quantity
of concentrate than presently taken from the grease.
Tests have indicated that 1.5 per cent of the feed
reports as concentrate. This concentrate will be re-
treated through the XR 21 in the sorting office and
the final concentrate hand sorted.

CONCLUSIONS

Great impetus was given to the development of
improved recovery processes by conditions encountered
during the opening of the Finsch mine; due to the

JOURNAL OF THE SOUTH AFRICAN INSTITUTE OF MINING AND METALLURGY APRIL 1970 327




