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- .INTRODUCTION

. KWEKWE ROASTER -

GOVERNMENT ROASTING PLANT.

P.O. BOX 118 : : ,
KWE KWE ) L .
2IMBABWE : : g

Mr. Jimmy A. James, Manager
Kwe Kwe 2868 . A »
30 June 1982

On the outskirts of the town of Kwe Kwe, located about three hours
drive south of Salisbury on the Bulawayo road.

The GOVERNMENT ROASTING PLANT is operated by the Zimbabwé
government to treat sulfide flotation concentrates produced by numerous
small mining and taillngs recovery operations throughout Zimbabwe. -

There are currently about twelve concentrate suppfiiers to the roaster
and leaching plant. .

The KWE KWE roasting plant uses equipment of very old vintage, but it
has been maintained in excellent working order. The EDWARDS roasters
are the best run of any observed in the course of this Investigation with
the most sophisticated fume recovery plant of EDWARDS roasters.

- Despite relatively low sulfur content of some of the concentrate feed, the

roaster operates without any external fuel source - it Is completely
autogenous.

A second roasting operation, alse an EDWARDS roaster .treatis-ioasier -

dust to yield a relatively high grade arsenlg oxide product for which

‘ there is a market.

A visit to the KWE KWE roaster Is highly recommended, although it Is
uniikely that a new EDWARDS roaster would be constructed today, since
the availability of fluid bed roasting technology.

This old plant contains many very old pleces of equipment and Is fascin-
ating for anyone interested in the evolution of metaliugical equipment.
The surprlsingly good operating condition of the equipment does credit
to the maintenance staff on this remote plant, :

|

The COVERNMENT ROASTING PLANT was first brought into production

in 1937. New EDWARDS roasters were built in 1941 and 1942. There
are two duplex EDWARDS roasters, each with 56 rabble arms.

o :
There are numerous small mines In Zimbabwe producing sulfide concen-
trates containing gold which are often alse rich in arsenic and antimony.

Few, iIf any of these small mines are large enough to support their own

roasting plant. Consequently, the KWE KWE roasting plant has played
a major role in the development of the gold mining Industry of Zimbabwe.
Additional information on the history of the roasting plant is provided in
an old DECO writeup on the plant, written by Mr. T.5. Cleary, a
former manager of the plant.
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KWEKWE ROASTER

FEED FOR ROASTER

Currently, about .twelve mines supply concentrates to the roaster.

. Relatively high tonnages of concentrate are shipped from the zam?g
retreatment plant at the old CAM &€ MOTOR. mine at Eiffe! Flats. eiF
Vconcentrates are low In sulfur and relatlvely hlgh in antimony with some
arsenlc.

Various concentrates are blended so that 'hot‘ roasttng concentrates with
high sulfide content are blended with those containing lower sulfur such .
as the CAM &¢ MOTOR concentrate. Concentrate from the LION mine Is

sald to be particularly ‘hot'. ’ . .

Samples = of concentrate are tested at the Government Metallurgical
Laboratories in Salisbury, who test the leach recovery anticipated for
the concentrate when it.is roasted in the EDWARDS roasters. Typical
concentrate characteristics are shown In the table.

“ROASTER CAPACITY

Roaster capacity according to CLEARY (1946), averaged 485 t pei' month
per roaster, excluding 40-50 tons per month of fluedust that were

rlecycled The roasters were then operated to give a 12 hour residence
time.

Currently, residence time is 7-8 hours and fluedust is treated separate!v
in a smaller EDWARDS roaster, consequently one would expect capacit,
. of the roasters to be slightly higher than it was in the 1946 description,

 ROASTING PERFO RMANCE

The data shown in the inserted table shows total recoveries of gold from ’
roasted calcine ranging from 64-90%, which are not all that impressive. :

; .~ 1%t must be remembered, that these figures are the results of simulated
“laboratory scale tests of submitted feed, that are used to compute pay-
ment for concentrate and it is likely that they include some measure of
conservatism,
The: ..relatively low!, Jndicated: recoveries probablynalggwreﬂect.,the reia-xé,a \/
tively whlgh antimony,,levels in.the Mconcentrat,e,s,.‘treated ias, antimony _Is gg,
__known to_cause,.r ecovery; pr. blemy .

It is unfortunately Impossible to compare the performance of roasters by
comparing recovery results unless all the compared roasters were treat-
ing the same conc;ntrate.

Actual roaster recovery based on a test run on ‘a blended feed from
10~17 February 1975, ylelded an overall gold recovery of 89.7%, which is
relatively good, but the concentrate blend appears to have also been
relatively low in antimony.

. ¢ PENALTIES There are no penalties for arsenic or lead values. There is, however, a
* penalty for antimony on a sliding  scale depending on both the gold e
content and the level of antimony in the ore.

B

For example, for a concentrate with 65 g Au/t and 3.0% Sb,.the penalty
is Z$ 4.94 per ton. For a 65 g Aul/t concentrate, with 4. 13 Sb, such as
the cam and motor concentrate,.the penalty is Z$ 13.55/t. Considering
the deletorious effects of antimony on subsequent leaching, one cannot T

-
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" KWEKWE ROASTER

help wondering whether the'antimony penalties reflect the higher price
of gold that is being locked up by the antimony, or whether the scale
was worked out at the old US$ 35/0: gold prlce.

rate of Z$ 5.00 per unit in excess of:0.10%8, and Z$ 2.00 per unit of

ton is imposed.

TREATMENT CHARGE

A treatment charge of Z$ 4o per metric ton. of concentrate is charged by
the roaster, . .

SAMPLING & BLENDING

All concentrates are delivered to the roaster by road transport. On
arrival the concentrate is shovelled by hand into wheelbarrows and
weighed. Each wheelbarrow load |is sampled, which means that, 17-20
samples are drawn per ton of concentrate. The tare weight of each
wheelbarrow is deducted from the scale weight. Samples are placed In a
drum and mixed. Each concentrate is stockp"ed separately in a large
shed pending outcome of the sample assays.

Four samples from the sample drum are drawn. On:z Is assayed by the
roaster laboratory, one is assayed by the customer's laboratory and the
third by a neutral laboratory, A fourth sample is kept in reserve.

. Concentrate from the various siockpiies is blended to give 15-17% sulfur
- in the feed to the roaster. This has been found to result In a roast
temperature of 650-700°C maximum.

In order to blend, nine barrowloads are dumped onto a cbnveyorb - each
barrow holds about 80 Kg of concentrate. The concentrate Is loaded into

breaks the lumps. The blended concantrate is stored In bins from which
it is fed via a conveyor belt into the end of the EDWARDS roasters.

ROASTER FEEDING . - v o ’ .

The roasters are fed by a flat belt conveyor and chute as shown In the
paper inserted at the end of this trip report.

ROASTING - The GOVERNMENT ROASTING PLANT employs two duplex EDWARDS
roasters, each wWith 56 rabble arms. A diagram illustrating an earlier
model EDWARDS roaster with 13 rabble arms of a simplex design, is
included to _give a general Idea of the principles of design of an
EDWARDS roaster. In the duplex design there are two paraliel rows of
rabbles both rotating in opposite directions to advance the calcine. More
details are Included at the end of this trip report.

CONCENTRATE RESIDENCE TIME

Residence time at KWE KWE Is now 7-8 hours for the whole roasting
_process, It Is noted that earlier operatlons averaged 12 hours  travel
time In the hearth. S

WORKING ENVIRONMENT ' o3

A slow speed fan draws fume from the roaster which maintains a slight
negative pressure’in the roaster and draws off the volatiles. ThlS keeps
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There are penalties also for copper and cobalt in excess of 0. 10% at the

nickel., If moisture exceeds 8%, a further penalty of 2% 6.00 per dry

a hopper which feed a blender-mixer followed by a hammermill, which
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KWEKWE ROASTER - .-

)

Temperature is gauged by examining the color of the hot calcine which is :
a dull cherry red at the correct operating temperature. Roaster .
. operators claim that they can gauge the 'right' temperature quite readily
~ by the color, It is noted that in earller operations, temperature was
recorded by a 2-leg pyrometer in each furnace with automatic
CAMBRIDGE recorders. R : :

[
[

In this case, the temperaturé has been measured in the hottest zone at ,
650-700°C maximum. The temperature drops off steadily from this point
to both the feed and discharge ends of the roasters. : :

The air supply to the roaster bed Is regulated to create four distinct
roasting zones. : o

EIN

Zone 1: Closed Alr Ports. Concentrate is heated slowly by radlation
- from the  center of the roaster. Arsenic volatilizes as -
. concentraté advances from the feed port to the combustion
zone. : :
Zone 2: Sulfide Combustion. Alr supply is permitted at a controlled
' rate to allow the sulfur to burn. Temperature Is atlowed to
reach 6§50~700°C in this zone, :

g
3

Zone 3: Cooling.” The air ports are now fully open. Most of the ‘ Lt
' .sulfur has already burnt, so there Is no runaway combustion.

’
ot

2one 4: Discharge Zone, - Calcines are rabbled into a cast Iron chute "

, from which they are moved by a rake into a tank. During the - : .
rake discharge, they are sprayed with water to quench and ‘
transferred as a slurry to a tank. The Calcine slurry is

screened over 2 sievebend en route to the bail mill..

CALCINE DISCHARGE R Coe . A -

Calcine Is advanced through the roasters by a series of rotating rabbles = -

driven by an overhead cam. Beneath the last rabble, there is a cast Cot
iron chute in the hearth floor which is wet at the bottom, into which the '
_calcine drops at the discharge end of the roaster. Calcine is removed

from the wet trench by a reciprocating rake conveyor which drags out

the wet calcine. Dusting Is further controlled by water sprays installed

inside the trench, 6o that by the time the calcine leaves the trench it'is

in the form of "a quenched slurry, R )

The wet calciné slurry passes through a coarse statlc screen to remove
-any grossly oversize particles and pumped to the milling circuit from a
sump. The system is old fashioned but simple,

* . .
. O . . o

T
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. KWEKWE ROASTER-

 the working environment around this EDWARDS roaster much more =

pleasant than was observed at any other EDWARDS roaster that was.
visited, . T » . Iy '

ROASTER FIRING - ’ : . SRR -

Contrary to the practise at other EDWARDS roaster operations, includihg
those that treat concentrates that are much higher in sulfide content,
the KWE KWE roaster now burns autogenously with no added fuel.

it Is noted, that dﬁrlng earlier years, the fireboxes used to be fueled
by wood for the whole operation and plans were to modigy fireboxes for
coal firing. .. - \ '

DUPLEX. EDWARDS ROASTER
((PLAN VIEW) .

\ WA N W 2009, AV A6t A TN SRR MM (SO i Mt Suneeth DAY AT AN STV MAVIS VUM YU SATMF S SRR e SO VU Wk, W, DU WSS S T §

—
L)

CALCINE ADVANCES -
IN THIS DIRECTION

s

RABBLE DRIVE SHAFTZ - "RABBLE ARM

!

3 \, .
wii .
\ . A \ N
. 1 | W 1 I L1 1 | 3 1 4 I 3 L L 1Y . F R M S —- ’ 3 . - 1 ) 4 A i 1 »
. ROASTER WALL:

ke . e

ROASTER TEMPERATURE o o

Roaster temperatures are controlled by the suifur content in the blended
feed and regulation of the air supply In the sulfide combustion zone of
the roaster. This is achieved by adjusting the air ports along the sides
of the roasters. .

'100
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FLUE DUST Fumes are drawn off the roaster through the roof via zig-zag ductwork .
- . as shown in the diagram. The reason for the ‘zig-zag configuration is to
. ; prevent the bulldup of large particles on the floor of the duct. Should
o ' fume accumulate on the ductwork, it will in time, slide back down the
- sloping duct into the furnace. - , :

ot

‘% Most of the arsenic fume volatilises in the first stage of the furnace
which Is cooler and at the end of the ductwork that is closest to the gas
cleanup train. . . : . . :

. The KWE KWE roaster employs a more sophisticated gas cleanup system .
. than any other EDWARDS roaster currently in operation. It includes a
settling chamber to collect larger. particles, two large settling chambers

in series, a LODGE COTTRELL electrostatic precipitator and a stack.

Flue dust collected in the first settling chamber runs 20 g Au/t on the
average. Further down, the gastrain particles collected in the LODGE
COTTRELL precipitator run 8-9 g Au/t, but this dust is also high in
arsenic and Is used as feed for the secondary arsenic treatment plant.

Arsenic Is recovered as quantitatively as possible from the roaster
exhaust, nonetheiess, only about 80% is accounted for. No attempt is
made to recover the SO, which is allowed to escape up the stack. The
oaster 15 . locatédaldieasperjzurban;area, syet ho adverse  environmental oy
Stfectsiesuiting ifrom:the "gagzemmissiofis:wereiobVious: |n the-area,

GOLD RECOVERY FROM CALCINES
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The present calcine treatment plant Is shown in the flowsheet. Ilustra*ion
inserted below and Is described in the paper by T.S. Cleary. Howevar,
thers have been severs! changes since Mr. Cleary's 1946 description. '

-
VT
=T

Main changes include the installation of a sievebend to classify the:
calcine ahead of the grinding and gravity circuit, Ancther change is
the insertion of gravity recovery after the oversize hzs been ground,
and the insertion of cyclones in the grinding circuit to replace the older
rake classifier. Another change has been the insertion of a GALLAGHER
table as the primary gravity concentrating device.

=

. Two conditioning tanks have been Inserted after the water washing
; thickeners to adjust pH by time addition ahead of cyanidation. ’

A drum filter has been inserted to recover solution from the thickened : -
CCD tailings. This solution is returned to the No. 2 CCD thickener and

is bound to contain gold values ‘that in the old clrcuit were discharged

» 1 to the tailings dam. . L

. = . o

v,

Sy
¥

S ’ : - Several observations of’

possible Interest were made at the calcine
P treatment plant:~ :

oL

1. GALLAGHER BELT -

The GALLAGHER belt uses a-travelling rubber belt to concentrate
_gold in the riffles. The belt material Is Identical to that used on
" riffle belt concentrators In South Africas and on the WARMAN riffle

belt concentrator in Australia, and also as is used to line plane

tables, The rubber riffles, about 0.25 iInches deep, are not

symmetrical. : .
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RUBBER BELT: ————— GoLD

R

S 7 KWEKWE ROASTER

The main difference between the GALLAGHER beit and the riffle
belt is that the belt is moved acros the flow of feed pulp rather
than against it. . : PR , :

- GALLAGHER BELT ¢

to.

FEED-

FEED DISTRIBUTOR

CONCENTRATE
COLLECTOR v

ER 'SPRAYS

Y

CONCENTRATE -

TALS

The GALLAGHER belt is a simple device that is said to have been
developed in Rhodesla and was also not encountered elsewhere.

2. After roasting, the calcines frequently also contain water soluble
base metals which would interfere with subsequent cyanidation.
Accordingly, they are water washed in two thickeners arranged in
series to wash counter currently.

Calcine Is pumped from the cyclone overflows in the grinding circuit
to the first of the“two 20'Q x 7' washing thickeners. According to
Cleary (1946), and it Is unlikely much has changed since then,
except possibly as a result of the reduced roaster residence time,
sulfide content In the calcine after roasting should be below 2% and
the SO, * level In the liquid phase would typically be 10-20 g/l.

The washing thickeners measure 20'® x 7' and are constructed of
‘concrete. . Rake speed Is 0,2 rpm powered by 3 HP motors. Under-
flow of each unit is at 50-55% solids. About 50% of the washwater
Is discharged to waste, and It assays from trace to 0.03 g Au/t.

- Whenever  base metals are associaced with sulfide concentrates
roaster feed, this calcine washing step Is a must.

-107
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KWEKWE ROASTER

Prior to leaching and after water washing, the calcines ére pre-
. aerated in two stages also arranged in serles. Lime is added to -

maintain an excess of 0.004% CaO. The purpose of this step is to

. be sure to oxldise any ferrous Iron to ferric. ~Ferrous ions
“consume cyanide and oxygen during the subsequent cyanidation

step and would interfere with gold leaching efficiency. Another
advantage of pro-aeration is that it provides some additional

_ - opportunity to oxidise any soluble sulfides to suifates, thereby
-, eliminating any addtional interfering species. This step allows pH
© .. to be adjusted by lime addition to yield a uniform pulp, which

avolds localized areas in the pulp of either very high or very low

"~ pH which can interfere with leaching as well. It is believed that

pulp density is reduced from 50% solids to around 33—!13% solids in

- this stage.
8,

CYANIDE LEACHING

Gold Is leached in four 10'0 x 10" DENVER downdraft tube mechani~ v

cal agitators., Cyanide strength is malntained at 0.12% NaCN and
Ca0 at 0.02%, ) , -

The downdraft tubes extend ubwards to just below the surface of

the pulp and as pulp is drawn dowr, -3 vortex forms that drags air

- down with the pulp. The effectiveness of the aeration that results

is very clear judging by the larger number of well dispersed air:

.bubbles that rise back up through the pulp across the whole

surface of the agitators.

.

: The units currently in use appear to be the same as those des-

cribed by Cleary (1946}, which were equipped with. 7} -HP motors.
Approximate residence time in the leaching step is 16 hours,

The best estimates of cyanide and lime vconsubmptlon are those glven
by Cleary (1946), at 5-6 lbs. NaCN per ton and 15-20 Ibs. lime per

. ton.

Cleary (19‘66), observed that steel impel!ers require replacing after

v Clearly, at recent gold prlces. a four-stage dilution wash would be

" SOLID/LIQUID SEPARATION

iy $000 tons treatment. Their life appears to be extendable by at

least 2} times if the impellers are coated with rubber.

i,

Leached pulp at 30% solids, is fed to the first of four 28'0 DENVER

standard lowhead CCD thickeners in concrete tanks. Thlckener‘

underflow Is advanced at 50% solids.

inadequate. Consequently, the addition of a 6' x &' drum filter for
an additional separation stage is commendable. It was not noted
whether the drum filter cake is washed or not. The filter must
have been installed shortly after Cleary's (1986) paper, as It
appears to be of a very old destgn, although stilt In good operatmg
condition.
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SECONDARY_ARSENIC PRODUCTION :

Ooar
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6. SOLUTION METERING & RECORDING

Of particular interest Is the method used for recording the volume
of pregnant solution advancing from the CCD tanks to clarification
; and zinc precipitation. The unit installed is .a LEA MASS recorder,

" which consists of a V-notch weir fitted with a float to monitor the
level which Is in turn connected to a cam which drives a disc
connected to an odometer In such a way, that the volume passing
: the welr is calibrated to the number registering on the odometer.

7. When aé\tlmony Is present in the concentrate feed, this can readily

be detected by the presence of a gunmetal grey colored scum that

floats on the surface of pulps in the conditioning and cyanide
leaching agitators.

"8, Large amounts of residues from the secondary-arsenic plant running
27-30 g Au/t and around 9% as have been accumulated in a stockpile
at the plant.:® . ; ‘ . .

running around 9 g Au/t and much higher in As.

10. The stack has. been ' In operation for about 30 vyears, It Is
constructed from concrete with an fnner surface about 1¥ thick of
. expanded metal reinforced cement. A section of this was recently
© drilled to test Its condition,” It was found to be in perfect
condition, indicating that the S»O2 rich roaster gases do not appear

to attack cement. . .

! ' :

'
f

3
H
1
»

About 70-80% of all the arsenic In the féed,is collécted as flue dust with

an arsenic level of about 45% Aszos. About 80 tpm .of this flue dust Is
collected. . : T

The flue dust produced from current operations, together with that from
the accumulated stockpile, Is fed to a separate small EDWARDS roaster
which is completely sealed, i.e. all the air ports are closed. This
roaster- Js maintained at 250°C and diese! fired.,

The Aszo volatilises and is condensed iIn a condensing tower from which
it drops Qnto a bin as a saleable product with 96-97% Aszo3 purity.
About 16-22 tpm is produced, .

The residue from the secondary arsenic roaster contains 28-32 g Ault
and about 9% As,0, and is currently being stackpiled for future
treatment. 43 .

The arsenic product Is sold locally to a company called RODIA {PTY)
LTD. in Harare (Salisbury), Some iIs exported to the U.S.A.

The secondary arsenic treatment plant appears to be both simple from an
equipment standpoint and easy to operate. More complete details would
be available from the plant manager. :

. ! ; i OO S N
There are also very large amounts of ‘accumulated flue dusts
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THE ROASTING PLANT

Que Que, Southern Rhodesm, ._A.-erlc:ahiE

By T. S Cleary, Manager, The Rcashng Plant

Sy -’:n.-l’s@%?i"é"‘??‘if-x-’* P T e

. !nfroduchon Sy b
Que Que (pronounced Kwek-we) is approxi-

mately a geographical centre of the Colony of |

Southern Rhodesia. ) -

The town, elevation 4 000', is on the main line of. ,‘
the Southern Rhodesia Railways, and the main road ;

which parallels the rail passes through the town.
From Que Que a spur 14 miles long termmates_
at Plant siding.

Function, of the Plant is to be of assistance to
Southern Rhodesia mining by purchasing and treat-
ing gold-bearing concentrates, slag, or other valu-

able metal bearing produets. ‘ -

At any given time from 40 to 60 mines or pros-
pects depend for revenue by sales to the Plant, -
Lacking this disposal and sale facilities many min- °
ing operations could not function. Annual pur. -
chases by the Plant average £100,000, .

Some of the supplying properties are short-lived,
some have many productive years history, and
mines as far apart as the Eastern Transvaal and the
Northern Congo sell products here. .

Control, in matlers of policy, ete., is exercised by
a Board. Funds where necessary and essential,
are provided by the Southern Rhodesia Treasury in
terms of Parliamentary votes.

History

First operations ‘were commenced in 1938, and
were confined to the purchase and treatment of . .
concentrates, By the end of 1945 some 45,000 {ons
of concentrates containing over 100,000 ounces of ..
gold have been dealt with.

The original plant consisted of an Edwards type
36 rabble Duplex Furnace with flue' system, and
Cotirell precipitation unit. The roasted product was -
concentrated on James tables and the hlgh grade
portion amalgamated or sold as “black sands” when
amalgamating difficulties arose,  Table tails were
dc\\'atered classified, ground in tube mills, cyanided
in pachucas, filtered and discarded. Precipitation
was effected with zt..‘. shavings. True recovery of
gold averaged 6056 AS,,, with 10 to.15 dwts gold
per ton content. :

It became imperative .that resulting financial
losses be halted. From mid 1942, use of a new §6
rahble Edwards furnace, combined with impraved
masting, reduction of dust losses, and better usage
of the old cyamdc section and Cottrell, brought gold
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Mr. T. 8. Cleary, Author and Managar of The Roasting Plan! Quo Que,
pauses 2 moment with his favorite dog outside the family home in
~ Southern Rhodasla.

recovery to <-90%, "and an arsenic product to 85%
AS,,, with gold content of 3 to 4 dwts per ton.
Simultaneously, construction by Plant Staff of a
new cyanide circuit commenced. Contractors con-
structed a Tavener type Pan and Cupel furnaces,
and in 1945 an additional 56 rabble Edwards furnace
was completed, To this was added a .new dust.

- seitling system and stack. An up-to-date metallur-

gical laboratory was also  built by Plant staff,

This renewed and reconstructed Plant, now in
full use, is the subject of this article,

Power. Power is purchased from the Southern Rho-

- desia Electricity Supply Commission. Main line in-

put is at 80,000 volts, stepped down in Plant sub-
station to 550 wolt, 50 cycle, 3 phase. Tariff is a

Sy i .
',:,5\.;335(‘?- 43

<




maximum demand- chai'ge of 10/-per KVA plus
an eneaggy charge of 0.5 pence per unit, Powsr fac-
tor is 0.9. : . oot

Water. River water is normally available through-
out the year sufficient for rabble cooling. A. supply
of approximately 1,000 gallons per hour from a
" bore-hole and pumping unit within Plant grounds, * '

' is used for other purposes, . ° :

Labour. Normal complement is 18 Europeans and 90 =

Natives, the latter used but slightly on even semi-

" skilled work. Of the 18 Europeans, chemical and -
assay work require four. Two men are engaged in -
Tavener operations. A mill-foreman and three op- .

erators form the roasting and cyaniding staff, and

a mechanical staff of two men are necessary for gen-
eral maintenance and varied construclion, as is one, -

builder.

K
H

- Purchases

Concentrate tonnages per lot will vary from 1 to e

50, and contain from 1 to 20 or more ounces Au, per
ton, -Gold (and silver in slag) are alone purchased.
No premiums are paid for arsenic or sulphur, but
penalties are imposed for certiin base metals in
concentrates, as shown later.

At this time the Plant is not equipped to treat
concentrates containing high copper or antimony, .
and treat in ..

H
e

but can accept high lead-gold material
. Tavener furnaces. .
Weighing, Sampling, Assaying. Purchase is made
on dry weight. Seller or representative may be

present at weighing and sampling, Weights are ac-:: .

-

. a “realization charge” against suppliers, and at pf:::
" ‘ent a charge of 1/11d per fine ounce is levied agiz<
_the Seller. ~ - . : s

%

curately determined, and suppliers are provided -

with a “Weight Certificate” which gives details of
gross, moisture, net, ete,

Dusting, in dry lots, and excessive moisture in .

. between Seller and Plant Manager.

the other extreme, limit automatic. sampling, and .’

for the most part tube or augur cutting is re-
sorted to. : T : y

Samples for assaying and moisture are taken -

simultaneously, immediately following weighing and
opening of qontainers. The bulk sample secured by
cutling is coned and quartered on a steel plate, and
the final sample reduced in the Assay Office to four
equal portions, ‘ :

The sample secured for moisture determination

" is dried in an electrically heated water drying oven. - 3

Of the four portions taken for assay, and/or, analy- -

sis, one portion is held by the Plant, the second
portion is sent to the supplier’s designated assay

office for check. The third is held for umpire, if :
necessary, and the fourth held against emergency -’

or dispute. Disagreement of gold assays exceeding

5%¢ between Plant and outside assay, result in )

umpire. . C
Payment _
Payment is made on the average of agreed assay
values, or if umpire assay has been resorted to, on

the average of the umpire assay and the one nearest - .
to it. 85% of the agreed total gold content of a.con-..-

* signment is paid for at the ruling local price of gold
(172734 per ounce Rhodesian currency).

112

Treatment Charge. Concentrates ﬁuréh;x
.. treated at 45/- per ton. :

i Copper, Nickel, Cobalt...05%
Lead

sed £
Realization. All gold prodﬁced in thé ' Colon
sold to banks. Total bank charges against thes
exceed 2/- per fine ounce. -

" Electrolytically refined gold assaying 9995

- produced at the Plant, met bank charges of 3%
~ pence to 27.27 pence per fine ounce. O B

Resultingly it is necessary for the Buyer't‘o

Ere

Penalties. In the case of concentrates,-table shas
acceptance limits, free from penalty, and penaly:
limit is exceeded. »
Impurity ..Limit  Penally
o 24/~ per unit
1d . 0.1% 15X % deduction i)
Antimony, Bismuth............10% § of Au. plus basic 1575

By-Prod Qcts

Weighing, sampling, ete., is substantially
same as for concentrates. For clean slag, payme:
is up to 96% of the agreed gold content of a n"
signment and 75% of the silver. Treatment cha:{{i?é
is £5 per lon with a minimum of £2.10.0. forlk;.
than one ton lots, R S

In the case of purchases of other products, gn?a;
ment of charges, per cent payment, ete,, is arrany’;

o

bty

- Plant and Treatment Processe$
Concentrates, Stockpiling. Following purchs :
identity of material is lost, as, ¥ 4owing within lin"?
the Au. As. S, contents, the r.2wly sampled I;{m{.
stockpiled, and the procedure permits a more orly:
standard roasting condition becoming applicables"
a given stockpile, which is normally prepared fory"
ensuing month’s operation. 13

On a drawing from the stockpile, the mixt
passed through a stationary screen with 33" op
ings, the oversize returned and crushed throy |
15”x10” erushing rolls, and the product re-screens”

Elevation of the screened feed to storage B:s

*

This flat belf conveyor and chute feeds ona of the Sé-rabble “":._:2:
Type Roasting Furnaces, installed at the Roasting Plan?, Que Qui}
i STER T O e S R A 1
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" ’; No.2 h ‘ & chambder can be ., ») I : Lined 10 Preven! Corrosion
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N __\Cvibrotng eing clegned ou . Duet or Fi By-Pass 1
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i (;5& ‘ =<5> C; B;"I;TJD' c - I is being cleoned owt b
N U: 5 : ; 1p <:> Conveyer Ladgs Supplementary Dust Setiing 38
19 912 1O q Cotteait Lodge Goitrell Pracioital Chamter with 5 clean-out 0
1 ! d")' ;i .q: (1 : 3 Gensrators doors one tide only H \
1§ ‘E’: g R HE RS \---------‘--------£':-1.'-11'::ZCﬂf
i il 'CF @PHa “\Duct or Flus 10 By-Foss 1
1 ‘:3: 100 O 3 . S Supplementaty Dust Setiling Chombder
1 j_‘)‘ :C:) s Pron Leyow? of o : ] when lolter is bang clecned out
b hiEs v P Roosting Section i . , ;
1 <E>'___g Ve o wiing. 1we 36 todble . R ) . S R
i <;) = :ﬁ, j: Edwerds Type Furmoces ] . ‘ L o . . i
e i D : - Fire Boxes. Each furnace has five fire boxes built .
1 @ :‘J 4:’(;—@ T , in and staggered, as illustrated, with final box heing
P : :F; ,§E; f;;, B _—= = situated at the discharge end. This last is very - -
Qq, & ! o <:>; a] : seldom used. Firebox hearth area is 5’x3”. Inlet
]-— : 5 & :‘:P t:p: Llenon ',g',,,-?,, o " eross section from firebox ta hearth, 4’x1’,
H H H Hi upiex Qust Selthing Chomber o . . .
' : é: - — i:; :;: E stown in plon adoe | Roasting Temperature, " Normally maintained at a .
bie:dI hy oY . ? weien | maximum of 650° C. and very seldom exceeding
: ! P, w4 4D 4P S 9" Qudinary 700° C. ) :
14 (F) : :) 4 : . Fire Briek Wall 4 172" Fire Brich e
[0 @ 16 9 ils-iwxae” 3 - Temperature Recording is effected from a 2-leg
I TR Qo on N ' pyrometer in each furnace with automatic recordin
: ‘;;. :F, ::;;. sach gide “m by use of Cambridge Recorders. ‘
'S . f 3 . . .
1O @ prees (14D 4D N Rabble Cooling is performed with unfiltered river
16 il oiseh iXiy : he disch £ which i °
1D 1 oischarge | Qi [, == S water, the discharge temperature of which is 40-45
g Pmcql; - 190y Satiers- © Flun m%'.gm..g C. The volume of water through this system is
‘wane" “weuy’ ] 10 ¢0se in w 1] !
L"? H r " ‘: ?" el:::in;:;t' smﬂ:: in“ 40 50 g.p.m., per fumace' . ¢
Db BoT] niaet 9009 Sompteted final Roasting of Concentrates. With varying tonnages
e . and variable grades of materials treated, variations
' ‘ had . in this-circuit and in the ensuing cyanide section
: \ N : are the rule. Average roasting time is 12 hours
ve the furnaces is by bucket elevator which is travel in hearth. ,
’
ered by a § h.p. motor, belt speed at 160’ p. m.  Tonnages, roasted, per furnace, over a period of
nace Feed, from storage bins is controlled by 2A ~  Several years, averages 485 tons per ‘month. This

rey vibrator feeders to flat belts, which convey =~ does not include the return addition of 40-50 tons
vibrating feeder discharge to the furnace feed per month of flue dust from the settling chambers,

pers. The hoppers in service terminate within a Table I below gives casual screening analyses of
elearance of the rabbles, at the mid point between . furnace feed, furnace discharge, and residues, and
1 and No. 2 sets of rabbles. . Table 1l gives typical monthly averages of day by

: day feed, and corresponding discharge date:

sting, is performed in two, 56 rabble, Duplex v P g discharg

vards type furnaces. Hearth area is 115’ long x - K ' .

\vide. Slope is 1/4n per fOOt. View through a § inspection door shows rabble arms turning the
. roasting concantrate.

ve, A 20 h.p. 1,000 r.p.m, slip-ring motor, con"-

, ; SRR Y
nption @ 12-14 amps, drives the standard mech- . 5, g,:,; X *m.": AR
TRy ¥ <u" 2 T e

k; 3 J 0 1 A

Fms of each furnace, Two-stage speed reduction, Y

. ‘ ‘:‘:i%;lqd‘ ‘a;
h Croft variable speed gears, gives choice of rab- , . :

e
D 3
&
¥
\
5
sz‘eﬁ*

speeds, ranging from 1 revolution in 45 seconds AR Ok W Dy Sy
| revolution in 135 seconds, ‘ e RSt IR e £
X £f B34 by I B . Y
Stems, rabbles, and shoes or tynes, are of cast A N b 3 LA e B
1. locally made. Shoe renewal frequency is one ¥ SRR PO Ll AN 8
per 500 tons concentrates roasted. P, B oi‘ O] ypad RS o
550 "
I, at present is indigenous timber. Consumption s ATy, <
Wit iy s S AR S :

rages 90 cords per month per furnace. Moisture

e
-

S,
RIEA :ﬁ“%,: ‘-, )

tent of wood is 25-30% (in dry season). Thermal BT s ;
pe (estimated) 4,000 B.T.U. per dry lb. Costs, at S s

nt, L1 per cord. Coal as fuel, with automatic-
king, is planned, in order to conserve timber,
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GRADING ANALYSES OF COMPOSITE SAMPLES

- and 20” wide.

. and primary washing is thereby performed,

 FOR FEBRUARY 1946 . :
' ROASTER FEED L
o %by ©  Au % of total
Tyler series. weight dwis/ton gold content
4+ 65 213 - 710 144 -
— 654100 - 84 4.6 52 . °
—1004+200 ° 244 799 186
200325 120 1464 16.8
; . -—325 339 139.7 . . 45.0
' ‘ ‘ 1000 1049 2000
ROASTER DISCHARGE -
% by . Au. % of total
Tylersevies weight dwts/ton gold content
+ 85 © 126 75.0 - 6.9
— (54109 105 . 6.1 59
—100-F200 294 107.6 232
--200--325 15.2 195.9 219
—325 323 177.5 421
100.0 1362 100.0
FINAL RESIDUE ‘ ,
‘ %% by Au. % of tatal .
Tyler sevivs . weight dwts/ton gold content
-+200 - 04 9.3 05
—200+4-325 4.0 5.6 31 .
—325 95.6 13 96.4
100.0 72 . 100.0

COMPOSITION OF GRADING FRACTIONS
COMPOSITE ROASTER FEED, FEBRUARY 1946

b

K3 r
XS ML t?‘:.;it'»‘. Ll Y]

Specific gravity of the ‘dischax;ge, roasted solid gg

Furnace discharge of roasted product is via ¢/
18" diameter hoppers, to push, or scraper conve?.
one conveyor to each furnace, and each drive::

3 h.p. motors. Conveyor flights are at 1’ mle:,;

Quenching of the roast is performed byyf
spraying with a protecting cover box 3
which is constructed and built into the fuy]
walls, and forming a dust seal over the conveyy|

Temperature reduction, avoidance of dust k'

uct is then concentrated and cyanided. %

Flue system, Butterfly controls are located ai]
throats of each furnace. Dust collecied in the duy
settling chambers is returned to the furnace &’
Tonnage collected and so returned is between{y
2 tons per day, and averages 5-6 dwts Auy
25-409% AS,,.. Cross section of each half of char
is 9’x12’ and length of chamber is 30’ exclui
the tapered ends. Floors are sloped, enabling»
clean-out to cars, through five cast-iron doon:;
each side of the chamber, :

As shown in layout a flue from the sei
chamber o the electrified auxiliary chambe .
available, and if necessary, by-pass fumes nors

treated in the Cottrell.

Lodge Cottrell precipitator. This machine &
Model 7 twin type standard unit, capacity be
400,000 cu. ft. of gases per hour at N.TP. §

" operated at as high an H.T, potential as poss
: close to 85,000 volts with lead current at 50-60 o
© amps.

Manual rapping of the electrode tubes res
in dcposition of the precipitated arsenical dust;

. 12 hoppers, which are hand cleaned daily.

Arsenic production.. Cottrell hopper produet,
until recently, averaged 50 tons per month, b
now reduced being necessarily dependent upon
As. content of treated concentrates. Product a

.- ages 80-85% As,,, and from 3 to 3.3 dwis. Au.

Wartime conditions, ithport restrictions, ete,

- sulted in this arsenic being one of the few st

P bgt Yo % % 9%Si02&
Tyler series Weig Fe, As. S. insoluble .
4- 65 213 324 144 235 219
— §5-4-100 84 285 117 208 289
—1004-200 244 295 101 211 30.4
~—2004325 120 312 143 243 225
—325 339 234 231 18.5 251
Original 100.0 280 151 199 251
PERCENTAGES IN THE GRADING FRACTIONS :
i - % % % % Si02&. . -
-~ Tyler Series Fe, As. 'S.  insoluble.
+ 65 24.5 20.4 245 181 -
— 654100 85 6.6 86 94
~100--200 25.6 17.2 25.2 28.9
~-2004-325 o 133 126 143 105
—325 . 281 432 214 331
" TTABLED o
TYPICAL ANALYSIS—ROASTER FEED f
Ft’cd IIA” “B" IIC”
Au, 47.49dwts, . 68.91 dwts, 79.45 dwts,
As. 8.20% - 6.98% - 1053% :
S. 17.06% - 24.05% “1744%
Fe. 25.76%% 29.40% 2331%
H.O 6.13% - 418% + 4.54%
ROASTER DISCHARGE .
F(.‘cd uAn ) HB” . . ncn o
Au, 64.02dwts. . - B3.91dwts, 91.729 dwts.
Ag. 1032dwts, 1327 dwts. 9.66 dwts.
< As, 0.71% 0.38% 0.58%
S. 1.50%0 0.77% 0.68%
SO, 2.92% 1.53% 1.74%
Fe.. 30.32% - 41.05%

30.78%
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sources of South African supply, and contract s
are made to the Alrican Explosives and Chen
Industries, Ltd., who, after sublimation of this p
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uct at their Salisbury plant, manufacture cattle dip,
and return their residues to this Plant where it is °
added to normal roasting furnace feed, S
Contents of this residual sludge are +10% As.
in the form of an iron arsenide, and 20-30 dwts, Au.
per ton. Sulphur at present escapes lo waste,

Concentration, Amalgamation, Grinding -

Solids, expelled by the push conveyors from the |

furnaces, enter a feed box and with additional
w:;)ller, are pumped 16 an oversized concentrating -
table. ‘ : ’

The high grade table product, 600-1,000 lhs, per
24 howrs, is amalgamated, after grinding, without
reagents, in a 4’x3’ barrel. The barrel tails are run
into a mechanical Batea with 44” bowl, and thence

.

 over an amalgam plate.

In two years operation, 45% of the total recov-

.ered gold was secured by amalgamation, with a -
mercury loss of 0.17 ounces, per recovered ounce of .
gold. Procedure is standard and normal. Amalgam
tails join the table middlings and tails, and are -
pumped to the classification and grinding circuit.

Classification and Grindinig Circuit. Separation is -
made in a 14'8”x4’ rake type simplex classifier, -
overflowing at 8-106% solids, grind at 999% —200
mesh Tyler series, Classifier sands gravitate to a
4'x3’ Ball Mill, driven by a 20 h.p. motor at 29 r.p.m.

" Ball load is maintained at 4,000 lbs. by daily
make up of 2%%” locally made cast-steel grinding
balls, Consumption is 2.75 lbs./ton. Liner wear is
"+ 1% lbs, per ton. Liners are locally made cast steel.
Mill discharge at 75% solids is pumped to the con-

. .centrating table, thus closing™this circuit,

Washing Thickeners receive the classifier overflow,

grind as above, with S. content of solids under 2%,

and SO, in liquid varying from 10 to 20 g.p.l. Units

operate in.20’x10’ concrete tanks with 97 walls,
Rake speed is 1/5 r.p.m. 3 h.p. motors, and

drives through V belts with flat belt drive to dia-

One of four 28° x 10° Denver ‘Standa'd Lowhoad Thickeners, mounted
in esncrete, form the tounter-current docantation .clrcuit. 509, solids
. ave pumped from thickesas 1o thickener by 2* Denver Disphragm Pumps.

115 -

" Counter-Current Decantation.
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Aaration of agitator pulp Is show

{Patonted) Super Agitators and Conditionars used for preagitation and

cyanidation, Metal impeller replacement is ona per 5000 tons treatsd.
Rubbar covored Impclices excced 12,000 tons without sign of wear.

Denver Simplex and one 3" Geco. .

Underflow of each unit is at 50-55% solids. 50%
of wash water is run to waste, assaying trace to
0.02 dwts, Au, o o

~ Cyanidation
Agitation, Agitation is conducted in four 10°x10’
Denver (patented) Super Agitators and Condition-
ers, each equipped with 7% h.p. motor -and oper-

ated in concrete tanks with 8” walls, Inter-connect-
ing pipe lines readily permit by-passing each or any

. agitator. Provision is made for the rapid and easy

discharge of tank contents.

Preagitation is performed in the first agitator at
50% solids, Lime and cyanide are added, as is
barren solution to No. 2 agitator. Dilulion of pulp
is reduced to 30-33'%4% solids in this agitator, and
16 hours agitation in cyanide solution is approxi-
mately the contact time. XCN is maintained by reg-
ular addition, at about 0,12%, and CaO at 0.02%.

Cyanide consumption, variable, is ‘between 5 and

6 pounds per ton. Lime consumption (itself a vari-.

able) is between 15 and 20 pounds per ton.

Impellor replacement in the case of metal im- .

pellors is one per 5,000 tons treated. One rubber
covered impellor, after 12,000 tons of sulids have
passed through the agitator, shows no sign of wear.

Four 28°x10° Den-
ver Standard Lowhead Thickener mechanisms, also
mounted in concrete tanks, form the counter-current

. decantation circuit. .

Pulp at 30% solids, leaving No, 4 agitator, gravi-
tates to No. 1 thickener feedwell. Solids at 4-50%
are pumped- by 2” Denver Simplex Diaphragm
pump to No. 2 thickener, and so on. :

Barren solution from the precipitation unit is
pumped at the rate of 240-250 tons per 24 hours to

. No. 4 thickener, overflowing ‘as pregnant solution-
‘from No. 1. - “

. The underflow of No, 4, unfiltered and pumped.
at 50-55% solids, furms the final tailing pumped by
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-phragm pumps, are employed. Pumps are one 2” "
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a 2” C.A.C. rubber lined pump to the tailings dam.
The ratio of solution to solids in this circuit av-
erages 22:1, Rake speed of mechanisms is 1/7 r.p.m. .

w32
%
0
2,
Lo
1

7y

" Tanks are fitted with discharge piping in the walls. %}{‘;}“_; s
such that emergency dumping of contents may be. }'{,%};éa";ﬁ
rapidly performed. o . . u‘k;r:a‘:;;;%

In three years service no mechanical or opera-: o7 %’?ﬁqﬁ_‘{ﬁ

tional defects in either agitators or thickeners have
arisen, and metallurgical results gained have been
good. As noted in Table III below, solution feed of
the counter-current decantation circuit, less sqlution
discharge to waste is consistently +99%.
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TABLE NI -

"71";”«?1""7‘ Yo

A SR ;
o oa " : . . 29 :.;g-h“f\(“i'. R LR e
s _ , AVERAGES OF PLANT DAILY ASSAYS .;.ﬁaz%ﬁ%?f@;ﬁ%i i’z‘tff’" a3}
ST L ) " FEBRUARY 1946 = . L S One of twe 80 seck precipltation tanks,
A . : . Roaster Feed -~ == 03495 dwis—ton (diluted) . . L. ’
P True Head - =2101.384 dwts.—~ton (on basis through the circuit, and the barren solutic

of purchased value) : . 4 thick
Roaster Discharge =2135.528 . dwts.—ton (on basis pumped from storage tanks to No. 4 thickener

of purchased value) well. No solution is discarded except the 45

: Classifier O'Flow - ==108193 dwts.—solid & 0.017 content of the final tailings.
: dwts. solution. . Continued drip. sampling is maintained from
No. 1 Agitator Feed - =104479 dw‘&"sg&f&&sog&lgm * pregnant and barren solution streams. Operatig
*No. 4 Agitator Disc: = 21750 dwis.—solid & 44474 - the unit is normal and trouble-free. Gold reco
dwts. solution. is normally at "3%. R
**No. 4 Thickener Dise: = 7‘°59 dw’"'sg&f&&sﬁﬁfiﬁn. Average pregnant solutlon (12 months), . ° =169
True Head—Tail = 93% ’ Average barren solution (12 months) - . =00104
_:g?“’i‘?l‘:;i?“" ent Decantation Circujt Head. . Reagent consumption is within accepted i
) " exrracTion—soLps and averagesi— . . -
" Roaster Feed—Tails =9246% = Zinc Dust @ 0.05 lbs. per ton.

Roaster Discharge-~Tails =94.79% , - Lead Nitrate . @ 0.012 1bs. per-ton, :

Classifier Overflow—Tails =02.48% . .. . e -

No. 1 Agitator Feed—Tails =93.34% Precipitate Treatment. -Precipitate is washed

EXTRACTION~SOLUTIONS the ir:}ner gf the collec}:ir:lg socks, ctzlllected,
; . . v treated, and water washed in a wooden mec
No. 1 Thickener Feed—No. 4 Thickener Dw&-QQ.&B% _ jcal agitator. The treated slime is pumped
Precipitation. The overflow of No. 1 Thickener is Johnson press, and on transfer for melting, is fi
primarily clarified in one of two sand clarifier tanks with borax, nitre and silica sand, or other reag
_and is then pumped to a Denver Equipment Co. 400 . depending on nature of precipitale; and melted
tons per 24 hours capacity Precipitation Plant. buttons in either an oil-fired vertical furnace v

This is a standard unit containing a 30 leaf clari- pots and liners, or a Rockwell type furnace,

fier; 2'x7’1 va\cclzuv.xmh receiver;. zinc dust f:akesder, }extc.f, ' : )
and is utilized with two precipitation ta each o - '

which accommodates 60 socks. A Lea Recorder a Go{d Recovery .

registers and charts solution tonnage passing During the financial year of 1945, the follo
B distribution has been certified:—
Zinc dust is fed via-flat belt feeder to a mixing tank In the Denver - Au. in Purchased Concts.==13,0654 fine ozs.2=1000
400 ton Precipation Plan?. o .-~ Au. Banked . =212,286.4 fine ozs,== 94(
U Ay ~LUs %Awcin Arsenie - = 106.7 fine ozs.== 038
- **Auy In Slag = 1185 fine ozs.= (S
Balance =aresidues to waste,

*Gold in arsenie §s largely recovered as noted abov

**Gold in slag, the product of precipitate treatme
¥ . ' recovered by addition of this materinl to Ta
4 ' . furnaces. . ' » o

»

.
P

»

Costs

It should be noted that these costs are 1
against 480 tons pver month concentrates tre
- Using two Edwards furnaces and treating -
tons per month, costs per ton are 60% of a
Assaying costs include test work, assays ane
alytical determinations of samples received
regular and potential suppliers.

.
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.

pean salaries, medical fees, bank charges, postage,
".: telephone, advertising, transport, stationery, water,

General charges include non-operational’ Euro- .

Gt

- leave pay reserve, workmen’s compensation, insur-.

ances, fees to board members and auditor, and trav-
eling expenses, :

Costs during the ﬁnancial‘yeark 1944/45, on-

breakdown, include:

Lot Costperton’
. Receiving and Sampling - £ 4.0 B
Conveying 236
= - Roasting: £..114
“i 1 Cottrell £ 24
- 1 Grinding and Classification ..eeeermvenn£— 55
_- Concentration and Amalgamation ... winim 4.8
« - Cyanidation £--135
1 Precipitation £ 310
_ Refining (Smelting) £— 210
Tailing disposal £ 2
Research £ 11
Assaying and Analytical.... £ 91
General Charges

£—17.6

Assay Office """

The Assay Stafl consists of a chemist,‘and three
European assayers, and is equipped to conduet all
normal assays and chemieal determinations, Exist-

ing furnaces are being replaced by more modern:

- equipment, i, e,, Denver Fireclay Oil-burning units,

10-11,000 units are conducted monthly at a cost
of 5d per unit, “Unit” table used is:

Ausrs  § . Co,== 50 ‘ Nis== 30

‘ Ago= 5 | Cu= 8 (lodide) - Ph= 4

© As= .18 Cu.= 4 (Permang.) S= 5

Bi.= 50 . Cee= 15 . Sb.= 18

Ca0= 6. . Fe= § 8i0.= 10

C.=150 Insol== 4 WO,= 30
Laboratory

" The labovatory is equipped with a Denver (p:;t-‘

ented) Super Agitator and Conditioner, Concen.
trating Table, Ball Mill, Rod Mill, Mineral Jig,
Float Machine, etc, Equipment in use permits
normal test-work to be performed. )
Electrolytic .equipment has been made up per-
mitting production of gold and silver exceeding 999
fine, by the normal two-stage refining methods.

- -ounces Au. per ton.

A - mew g

avener Furnace

; To date the small amount of 240 tons only have
been purchased and treated, the lot averaging 28

Procedure, following analysis of charges of about
20 tons each, is to flux with litharge, serap iron, or
other medium, melt in the Pan furnace, and collect
gold and silver in a lead bath. . .

3

The lead bullion formed is tapped to bars of
about 70 pounds each, and these are then cupelled
in the cupel furnace, Lead is removed as PbO. and

re-used, the bullion residue on the cupel is collected, -
" melted to bars and then banked.

The slag tailings, rabbled from the Pan furnace,

., account for 2% of total gold, and remaining 98%.
. is accounted for in gold banked, by-products pro-

duced, and lock-up in the Pan furnace hearth.

. Special Purpose Plant’

This section has been recently assembled, and ‘
- 'is used entirely for batch treatment of high-grade

consignments which may be amenable to cyaniding
without roasting. Materials treated are either slag

. or concentrates as the case may be, and, in initial
i use, this sclf-contained unit has proved very satis-
* ' factory.

Residue Dump Retreatment Plant
A known tonnage of accumulated high-grade
tailings warrant re-treatment, and a plant is now
geing assembled with the object of retreating this
ump. y

V:"ing furnaces to treat high-grade copper-gold con-

Afl normal test work can be purformed In the faboratory wﬁlch' huludc; o

3 Denver {Patonted) Super Agitater and Conditioner, Cencentrating
Tadle, Ball Mill, Rod MIll, Mineral Jig, Flotation Machine and Pulp
Dansity Scale,

5 ‘ \_~ 4

et ) il g
2 bt Y Jﬁ. " LIy n
‘i B TAE .‘l r 7‘1 s 2
frd LAt Y P v YA E
AL I e

. |Feed 30°x36°

" centrates, and antimony-gold concentrates.

FLOWSHEET...SPECIAL PURPOSE PLANT

H
13

Amalg, ~-di—y ' ’ H

Barrel M Concenirale
;  Melted -0
EConcenirating i Bullion,

oble =55

g

¥ Ix3
Borren Denver
- Solution Ball Mil}
3/4° Denver x '
Vertical

DTTFTTLLI TLLEL LTI
18" Spirol Classifier \\
ALTLLALVARV AR RN T LAY

Sand Pump )

: ¥ ToZinc
o TXT Shavings
2 Denver{Polented) Precipitale
— . Super agilators

Future plans include the possibility of install.
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Yellowknife, Northwest Territories
Canada X1A 2M2 - -

“Telex 034-4-5514 - B § 08 e Y
Phone 403/873-6301 | | YELLOWKNIFE MINES UIMITED

February 24;‘1984' .

Mr. R.M. Kadenhe,
Manager,

The Roasting Plant,
KWEKWE, Zimbabwe

Dear Mr. Kadenhe:

‘Re: ---Treatment of Arsenical Goldmcdnéentrates

We have read with interest your letter of February 13, 1984
and are pleased to advise you that we are indeed prepared to provide you with
a 'design package' of fluosolids technology as practiced as our mine.

Due to the increasing interest in fluosolids technology,
Giant Yellowknife Mines Limited has, in conjunction with our parent company
Falconbri?ge Limited, recently begun marketing the expertise we have gained
over many years of fluosolids roasting of arsenical ores. TFortunately, we
have experienced the conversion from Edwards type roasters to dual stage fluo-
solids roasters at our own plant and so are aware of many of the potential
difficulties. '

Given the variety of concentrates treated, your queries
regarding fluctuating feed compositions and effects of high antimony concen~-
trations are questions that we too would be most likely to seek answers to -
in considering changes such as you propose.  As you are no doubt aware, the
subject is quite complex and would perhaps be better addressed during your
visit this summer. . A few general observations may however be appropriate.

As a general rule fluosolids roasters do not respond as
well to abrupt changes in feed characteristics as do the Edwards type. The
important feed characteristics to consider from an operating aspect are particle
size, sulphur content, moisture content, specific gravity and antimony concen-
tration. Since the fluosolids roaster is less flexible in responding to changes
in feed conditions it is likely that very careful blending of the various
concentrates will be required. 1In this regard too, it has been our experience
that antimony levels in excess of 1% in the feed over a period of a few days
will result in serious roaster upsets requiring replacement of the bed.

/..continued page two
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GIANT YELLOWKNIFE MINES LIMITED D -

Mr. R.M. Kadenhe
February 24, 1984
Page Two

We would be happy to host a visit of representatives from
your plant and, if desired, could arrange a tour of the Falconbridge roasting
plant as well.  Please let us know your wishes on this matter.

¥ o .

I have forwarded a copy of your letter and this response
to Mr. P.J. Raleigh, Head of the Falconbridge Engineering Group, who will
contact you directly to discuss how we could best be of assistance in develop-
ing ‘a suitable design package for your requirements.

Yours truly,

GIANT YELLOWKNIFE %}NES LIMITED

/05

K.S8. Morton
Mill Superintendent

KSM: jh

‘e.c. K. Blower
T. Riordon
P.J. Raleigh



© The Roasting Plant,

Telephone No. 2868

v : 'Pxxhoxxxaff

" Telegraphic Address ; o Rh L =

"ROA;EQ.K“mKws" Rﬂ&f?@%ﬂé ............... , o KWEKWE L
15th February, 1984

. ESTABLISHED IN 1937 IN TERMS OF THE RNOASTING PLANT ACT
(CHAPTER 204) TO CARRY ON THE BUBINEASZ OF DEALING IN AND
TREATING ORES, CONCENTRATES AND THE FRODUCTS AND BY-

PRODUCTS THEREOF

" Metallurgical Superintendent,
- Giant Yellowknife Mines, Lid.,
. Yellowknife,

NJW.T, ’

"~ Dear Sir, - S - >~; R " ‘ lb, :  l, _ L_%i

re: TREATMENT OF ARSENICAL GOLD CONCENTRATES.

T write to ingquire if you could be in a position to supply us with a "design
package! of the fluosolids technology used at your Mines, and an estimate of the
cost for a 60 T.,P,D. roaster. ‘

We are a parastatal body, custom-treating concentrates from refractory (arsenical)
ores from our Zimbabwean Mines. The roasting stage is performed in two Biwards
‘Roasters vwhich were commissioned in 1940 and have been operated ever since, The
calcine goes through the conventional cyanides C.C.D. and meryil-crowe zinc

- precipitation process. 4t present we just can manage about 30 T.P.D, of
concentrates into the roasters, with not vexy satisfactory resulis on recovery,

- presently at 7% on average i.e. a residue of about 11 - 13 g/% to the dam,

v e g e h e

We are now therefore trying to replace the old Edwards Roasters, and my Board of
‘Directors has decided on acquiring a fluosolids roaster (double—bed)e ‘

Since we custom~treat, our source of feed concentrates is vexry varied as shown by
the enclosed schedule of analysis and gold distribution (on size fractions) of some
of our suppliers and our composite feed, The bulk of the concentrates are from as
mined-ores and a few are from dump-retreaiment, It may be of interest that it has
been our experience that those concentrates of dump retreatment origion and with '
an Antimony content in excess of 1,54, do have some deterimental effect on the
process. S0, any information you could supply from your experience, of antimony
behaviour in the fluosolids,and effects of flutuating composite feeds will be very
much appreciated, - ' ' S ”

" Finally, I am also asking if it would be possible %o visit your group of Mines
sometime between May and July, 1984 if arrangements were made. ‘

Your assistance and any other advice youn could give, would be greatly valued,

Yours faithfully,' - .
The Roasting Plant. .

MR, B XKADEMHE,

MANAGER, ‘ e ' B ek

o g e e




;__, 1 ) RIVERLEA MINE (AB 2 mmm_ pmg comlnmm:) )
e concmm'rz m.msxs o R
| Au(e./t) %Pe - %S  %ow %N
60,80 14.90 118,02 By30.i 0,20 0,10 0,04
7 crapn assax mmrsxs o |
TR Screen Size X10 = 6 M WE. 0 %Wt Cu |
: | ‘ ’ g8 Distrbn. © mm g'/'b : ;
+ 300 nm - . 1,6gl};j; o,197 0,19 24,0 0,09 0,
- 300 + 212 1 0,67 40,0 - 0,32 0,41
- 212 + 150 B ~ 341 42,0 1,94 . 2,35
- 150 + 106 o 15 8485 82,8  T,61 9,96
-206-+ 75 45,4 ; }, 5545 - 14:30 90,4 8,32 18o28
- 75 | 4,2 85,70 = 100,00 56,4 81,72 . 200,00
TOTAL . 8333 100,00 - 100,00 .
| Caloulated Head Grade (Au) : 5915 gt
'2) CAM & MOTOR (DUMP-RETREATMENT CONCENTRATE)
CONCENTRATE ANALYSIS o | | |
Caug/t %P %S  %As  %Sb  %ou YN %P>
39,80 595 506 1,71 1,55 0,14 008  Pro oo
3 . . R - K L.~:
Soreen Size 10 ’GM LA T CUMM  An % Au curMm iy
. & Distrbn. , g/t - Distrim. T
"" 300‘ | ‘ - .. : .. - | - ‘: ‘-‘ ta]
- 300 + 212 - - - - - - |
- 212 + 150 . - -~ - - - - “a
~ 150 + 306 ‘ e - - - - =
- 106 + T5 4,4 - 0,76 0,76 0,24 0,61 0,61
- 15 576.5 ' 99:24 100,00 _ 38,90 99,39 100,00
TOTAL  580,9 . ' 100,0 | 100,0 e
) . d s . . L . ) ’
CALCULATED HEAD GRADE (Au) 3 i 138,61 g/t 3
CALCULATED HEAD GRADE - Au . 45019 g/t |
N.B. The Caloulated Head Grade is consistant with current grcao for the
concentrates supplied dy this mine, ciroa 48 g/t.
5 ) APPROXIMATE CURRENT FEED TO EDWARDS ROASTERS : \
| concEnTRATE AmALYSTS v S A
, M (g/t) %Fe %S %As  %Sv  %On KM
: 49,10 21,30 15,70 5030 0,80 . NOT DONE |
,' . ‘;% ) . ] ', : 4 ‘7 v.. . <,.
b . 1 i o.tba-q-o/; I
| ’ TR N .




B e

e 3 ) nmmm HINE (AS MINED ORE concmmm?

Tew't

© CONCENTRATE ANATYSIS ‘ o o

I Mg/t %P %S L&Sb‘ %ow ' KN - %Pb
46,00 21,85 24,83 ,30_- 2440 0,12 0,06 .- 0,10

© GRADING AND ASSAY ANALYSIS s IR
' Soreeh Size 10 "M We. %WE P CUMM  Aw % Aw . COMM. .
‘L T g  Distrbne 1.7 g/t Distrbno T

T+ 300 541 2,04 112,04 39,6 1,60 | 1,60
{ = 300 « 212 - B80y3 - 3,03 |5i5,07 38,0 | 2,30 - . 3,90

G 223150 . 31006 11,73 | 1680 26,0 - 6,10 10,00
P =150 + 106  345,6 13,05 ' 129485 28,0 Ts30 17,30
: - 1064+ 75" 256,0 9,67 139,52 39,2 - 7560 24,90

=T 16015 60,48 100,00 62,0 75,10 100,00
4 TOTAL 2648,1 100,0 | ' _'100,0 '
* CALCULATED HEAD GRADE (Au) y 49,95 g/t

4, ) BAR 20 MINE (As-mnm ORE concmmtm)
| CONCENTRATE ANALYSIS ~ = _
Av (g/t) % Fe %S %As i, %Sb %Cu BN %P>

T 54,40 30,40 22,16 18,50 & 0,10 0,10 Tr. | Tm

GRADING & ASSAY ANALYSIS J R
 Screen Size 10 o wt. % Wt | COXM Aw . % Au . CUMM
g Distrbn. g/t ~ Distrbn.
+ 300 : 178,4 14,57 . © 14,57 32,8 10,6 - 10,60
- 300 + 212 6,0 0,49 15,06 34,0 0,4 21,00
- 212 ¢ 1’50 2349 2,95 17,01 3345 - 1,4 12,40
- 150 + 106 50,7 4,14 21,15 40,0 3,7 . 16,10
- 106 + 75 56,4 - 4,62 - 25,77 50,0- 5,1 - 21,20
- 75 - 9087 74,23 : - 100,00 48,0 - - 78,8 100,00
TOTAL |, 122441 mo.'oo S . 200,0

CALCULATED HEAD CRADE = Au 3 45.19 g/t

N.B. The Caloulated Head Grade is consiatent with current grada for the
concentrates supplied by this mine, circa 48 g/t.

5 ) APPROXTMATE CURRENT FEED TO EDWARDS ROASTERS

| CONCENTRATE ANALYSIS o |
m(g/t) %TFe %S %a %S %Cu %ML %KPb
49,10 21,30 15,70 5,30 0,80 . . NOT DONE '

; B : . : ) .. ‘ . t . >_ V _' . : . i .
! . - i :! E 00,0000/3




T
GRADING - ASSAY AMALYSIS =~ ;
Screen Size 10 T M Wk %Wt  COMM  Au % Au
o g8 Distrbn. = G/t Distrbn. :

+300 167,6 . 3,60 3,60 40,0 2,7 27
- 300 + 212 55,0 L4 4,74 644 L4 4l

- 212 + 150 I - . 209,9 4450 9,24 57s2 4,7 8.8

~ 150 + 106 - 292,8 6,29 15,53 61,6 7,1 15,9

- 106 + .75 - 276,7 5,94 21,47 61,4 6,6 22,5
- 75 365749 78,53 100,00 . 53'_?: - 77,5 : ‘ 100,0
C Toman 4658,0 100,00 SR 200,00

| CALCULATED UEAD GRADE — Au 3 54,30 g/t

+
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"“dust to yleld a relatively high grade arsenis oxide produc!: for which

. KWEKWE ROASTER

GCOVERNMENT ROASTING PLANT

. P.O. BOX 118

KWE KWE
ZIMBABWE

Mr. Jimmy A. James, Manager
Kwe Kwe 2368 ‘
30 June 1982

On the outskirts of the town of Kwe Kwe. located about three. hours
drive south of Salisbury on the Bulawayo road.

The GOVERNMENT ROASTING PLANT is operated by the Zimbabwe
government to treat sulfide flotation concentrates produced by numerous
small mining and tall!ngs recovery operations throughout Zimbab‘we.

There are currently about twelve concentrate supp!iers to the roaster
and leaching plant, :

The KWE KWE roasting plant uses equipment of very oid vintage, but it
has been maintalned in excellent working order., The EDWARDS roasters
are the best run of any observed in the course of this Investigation with
the most sophisticated fume recovery plant of EDWARDS roasters.

Despite relatively fow sulfur content of some of the concentrate feed, the
roaster operates without any external fuel source -~ it is completety
autogenous.

A .second roasting operation, alse an EDWARDS roaster treats roaster

there is a market, \
A visit to the KWE KwE roaster is highly recommended, atthough it is
unlikely that a new EDWARDS roaster would be constructed today, since
the availablility of fluid bed roasting technology.

This old plant contains many very old pieces of equipment and Is fascin-
ating for anyone interested in the evolution of metallugical equipment.
The surprisingly good operating condition of the equipment does credit
to the maintenance staff on thls remote plant. ’ :

‘The GOVERNMENT ROASTING PLANT was first brought inta production

in 1937. New EDWARDS roasters were built in 1941 and 1942, There
are two duplex EDWARDS roasters each with 56 rabble arms.

"There are numerous small mines In Zimbabwe producing sulfide concen-

trates containing goid which are often also rich in arsenic and ant:monx.
Few, if any of these small mines are large enough to support their own
roasting plant. Consequently, the KWE KWE roasting plant has played
a major role in the development of the ?old mining industry of Zimbabwe,
Additional information on the history of the roasting plant is provided in
an old DECO writeup on the plant, written by Mr. T.S. Cleary, a
former manager of the plant.
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KWEKWE ROASTER

FEED FOR ROASTER

Currently, about .twelve mines  supply concentrates to the roaster.

Relatively high tonnages of concentrate are shipped from the ;am?g
eir

retreatment plant at the old CAM & MOTOR. mine at Eiffel Flats.

concentrates are low In sulfur and relatively high in antnmony with some
arsenic. .

Various concentrates are blended so that ‘hot' roasting concentrates with
high sulfide content are blended with those containing lower sulfur such
as the CAM &¢ MOTOR concentrate. Concentrate from the LION mine Is
sald to be particularly ‘hot'. . . o

Samples of concentrate are tested at the Government Hetallurgical

Laboratories in Salisbury, who test the leach recovery a::tizipated for
the concentrate when it is roasted in the EDWARDS roastsrs. Typlcal
concentrate characteristics are shown in the table,

ROASTER CAPAC ITY

Roaster capacity according to CLEARY (1946), averaged 435 t per month
per roaster, excluding #0-50 tons per month of fluedust that were
r'ecycled The roasters were then operated to give a 12 hour residence
time.

Currently, residence time Is 7-8 hours and fluedust is treated separately

In a smaller EDWARDS roaster, consequently one would expect capacity
of the roasters to be slightly higher than it was in the 1946 description.

.

ROASTINC PERFORMANCE . ) : o

PENALTIES

roasted calcine ranging from 64-90%, which are not all that impressive.

It must be remembered, that these figures are the results of simulated.
laboratory scale tests of submitted feed, that are used to compute pay~-
ment for concentrate and it is likely that they include some measure of
conservatism,

Tbes..relatlvely low Ihdicatéd, recoveries probabl)» ~also.»reflect .the rela
tively high antlmony,&levels in. ‘the .concentrates itreated.ias, antimony ls

kknown to_cause, recovery&prpblemy

- It is unfortunately impossible to compare. the performance of roasters by
comparing recovery results unless all the compared roasters Were treat~

Ing the same conc;ntrate.

Actual roaster recovery based on a test run on a blended feed from
10-17 February 1975, ylelded an overall gold recovery of 89.7%, which is
relatively good, but the concentrate blend appears to have also been
relatively low in antimony.

There are no penaltles for arsenic ar lead values. There is, hwowever, a
penalty for antimony on a sliding -scale depending on both the gold
content and the level of antimony in the ore.

For example, for a concentrate with 65 g Au/t and 3.0% Sb, the penaity
Is Z$ 4.9% per ton. For a 65 g Au/t concentrate, with 4.1% Sb, such as
the cam and motor concentrate, .the penality Is Z$ 13.55/t. Consnderlng
the deletorious effects of antimony on subsequent leaching, one cannet

E
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B T A . KWEKWE ROASTER

of gold that is being locked up by the antimony, or whether the scale
was worked out at the old US$ 35/0z gold price.

There are penalties also for copper and ¢obalt in excess of 0,103 at the
rate of Z$ 5.00 per unit In excess of- 0,103, and Z$ 2.00 per unit of
nickel, If moisture exceeds 8%, a further penalty of Z$ 6.00 per dry

ton is imposed.,

TBEATMENT CHARGE

A treatment cﬁarge of Z$ 40 per metric ton of concentrate is charged by
the roaster, ’

SAMPLING & BLENDING

All concentrates are delivered to the roaster by road transport. On
arrival the concentrate is shovelled by hand Into wheelbarrows and
welghed, Each wheelbarrow load ,is sampled, which means that, 17-20
samples are drawn per ton of concentrate, ' The tare weight of each
wheelbarrow is deducted from the scale weight. Samples are placed In a
drum and mixed. Each concentrate Is stockpiled separately in a large
shed pending outcome of the sample assays.

Four samples from the sample drum are drawh. One is assayed by the
roaster laboratory, one is assayed by the customer's laboratory and the
third by a neutral laboratory. A fourth sample is kept In reserve.

Gencentrate from the various stockpiles is blended to give 15-17% sulfur
in the feed to the roaster. This has been found to result in a roast
temperature of 650~700°C maximum. '

In order to blend, nine barrowloads are dumped onto a conveyor - each
barrow holds about 80 Kg of concentrate. The concentrate is loaded into
a hopper which feed a blender-mixer followed by a hammermill, which
breaks the lumps. The blended concentrate is stored in bins from which
it is fed via a conveyor belt into the end of the EDWARDS roasters.

ROASTER FEEDING . ‘ o S

The roasters are fed by a flat belt conveyor and chute as shown in 'the
paper Iinserted at the end of this trip report. .

ROASTING The GOVERNMENT ROASTING PLANT employs two duplex EDWARDS
roasters, each with 56 rabble arms. A diagram lllustrating an earlier
model EDWARDS roaster with 13 rabble arms of a simplex design, is
included to .give a general Idea of the principles of design of an
EDWARDS roaster. In the duplex design there are two parallel rows of
rabbles both rotating In opposite directions to advance the calcine. More
details are included at the end of this trip report.

CONCENTRATE RESIDENCE TIME

Resldence time at KWE KWE is now 7-8 hours .for the whole roasting
process. It Is noted that earlier operations averaged 12 hours travel
time in the hearth. ’ '

WORKING ENVIRONMENT -

A slow speed fan draws fume from the roaster which maintains a slight
negatlve pressure’In the roaster and draws off the volatiles. This keeps
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"KWEKWE ROASTER

- Temperature Is gauged by examining the color of the hot calcine which is -
. a dull cherry red at the correct operating temperature. Roaster
, operators claim that they can gauge the ‘right' temperature quite readily
- by the calor, It is noted that in earlier operations, temperature was
recorded by  a 2-leg pyrometer in each furnace with automatic
CAMBRIDGE recorders, R .
in this case, the temperature has been measured ln the hottest zone at
650-700°C maximum. The temperature drops off steadily from this point
to both the feed and discharge ends of the roasters.

The air supply to the roaster bed is regulated to create four distinct
roasting zones,

Zone 1: Closeql Alr Ports. Concentrate is heated slowly by radiation
from the  center of the roaster. Arsenic volatilizes as

. concentraté advances from the feed port to. the combustion
zone,

.

Zone 2: Sulflde ‘Combustion. Alr supply is permitted at a controlled
rate to allow the sulfur to burn. Temperature Is allowed to
reach 650-700°C in this zone. ¢

. ' '  Zone 3: Coollng. The air ports are now fully open. Most of the
~ B .sulfur has already burnt, so there Is no runaway combustion.

Zone 4: Dlscharge'Zone. Calcines are‘ rabbled into a cast Iron chute
from which they are moved by a rake into a tank. During the
‘rake discharge, they are sprayed with water to quench and
transferred as a slurry to a tank. The Calcine slurry is
screened over a slevebend en route to the ball mill.

CALCINE DlSCHARGE

. v
e

Calcine is advanced through the’ roasters by a series of rotating rabbles
driven by an overhead cam. Beneath the last rabble, there is a cast
iron chute in the hearth floor which is wet at the bottom, into which the
calcine drops at the discharge end of the roaster. Calcine is removed
from the wet trench by a reciprocating rake conveyor which drags out
the wet calcine. Dusting Is further controlled by water sprays installed
inside the trench, .so that by the time the calcine leaves the trench it is
In the form of"a quenched slurry.

The wet caicine slurry passes throuéﬁ a coarse static screen to remove
- any grossly oversize particles and pumped -to the milling circuit from a
sump. The system Is old fashloned but simple.
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the working environment around this EDWARDS roaster much more

pleasant than was observed at any other EDWARDS roaster that was .

visited. -

ROASTER FIRING - : e _ ) R
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Contrary to the practise at other EDWARDS roaster operations, indudlng .

those that treat concentrates that are much higher in sulifide content, - .

the KWE KWE roaster now burns autogenously with no added fueI.’

It Is noted, that dﬁrlng earfier years, the flreboxes used fo be fueled
by wood for the whole operation and plans were to modigy fireboxes for
coal firing. .. .

©

EDWARDS ROASTER

DUPLEX

(PLAN VIEW)
. / .
-/ / , :
[/ : :
r\--_“ . 3 S ,
\ _ CALCINE ADVANCES

'IN THIS DIRECTION

AN «t A \ .
\\ Nl S~
1. i § 1 L i i 1 i : | M ¥ 4 1 ) " b ! N R VL 5N oa l. -~ ;1 L 3 b - 8 Gy 1 ) - 3 ) A
-+ ROASTER WALL") RABBLE DR!VE SHAFTZ - "RABBLE ARM

ROASTER TEMPERATURE

Roaster temperatures are controlled by the sulfur content in the blended
feed and regulation of the air supply In the sulfide combustion zone of
the roaster. This is achieved by adjusting the air ports along the sides
of the roasters. )
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'CALGINE DISCHARGE FROM EDWARDS ROASTER
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“FLUE DUST
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7 KWEKWE ROASTER

Fumes are drawn off thé roaster through the roof via zlg-zag ductwork

as shown In the diagram. The reason for the ‘zig~zag configuration is to - '

prevent the buildup of large particles on the floor of the duct. Should
fume accumulate on the ductwork, it will in time, slide back down the

3 sloping duct Into the -furnace.

7' Most of the arsenic fume volatlllseé in the first stage of the furnace

which iIs cooler and at the end of the ductwork that is closest to the gas
cleanup train. .

.. The KWE KWE r&aéter emplb?s a more sophlsilcéied gas cleanup systém
_ than any other EDWARDS roaster currently in operation. 1t includes a

settling chamber to collect larger. particles, two large settling chambers
In series, a LODGE COTTRELL electrostatic precipitator and a stack.

Flue dust coilected In the first settling chamber runs 20 g Au/t on the
average. Further down, the gastrain particles collected in the LODGE
COTTRELL precipitator run 8-9 g Au/t, but this dust is also high in
arsenic and is used as feed for the secondary arsﬂntc treatment plant.

Arsenic Is recovered as quantitatively as possible from the roaster
exhaust, nonetheless, only about 803 s accounted for. No attempt is
made to recover the SO, which is allowed to escape up the -stack. The
roaster .is’ Iocated-ldaa_pazlvqrbanLarea. cyetino. adverseﬁenvlronmenta[d

.affect&’fre;ulttnngoMua;is'thﬁrl’sé!gprmre'«obvfaus dn-the hearea. -

GOLD RECOVERY FROM CALCINES

. . c A

The present calcine treatment plant Is shown in the flowsheet ilustration’
Inserted below and is described in the paper by T.S. Cleary. However,
there have been several changes since Mr, Cleary's 1946 description,

Main changes Include the Installation of a sievebend to classify the

calcine ahead of the grinding and gravity circuit, Another change Is.

the iInsertion of gravity recovery after the oversize has been ground,
and the insertion of cyclones in the grinding circuit to replace the older
rake classifier. Another change has been the insertion of 2 GALLAGHER
table as the primary gravity concentrating device.

Two conditioning tanks have been inserted after the water washing ~

" thickeners to adjust pH by lime additlori ahead of cyanidation.

A drum filter has been inserted to recover sol;xt'lon from the thickened

. CCD tailings. This solution Is returned to the No. 2 CCD thickener and

is bound to contain gold values that in the old circuit were discharged

to the tailings dam. .
4 -“

Several observations of posslble fnterest were made at the calclnev

treatment plant:~

1. GALLAGHER BELT

The GALLAGHER belt uses a travelling rubber belt to concentrate
_gold in the riffles. The belt material Is Identical to that -used on
" riffle belt concentrators In South Africas and on the WARMAN riffle

belt concentrator in Australia, and also as Is used to line plane

tables, The rubber riffles, about 0.25 iInches deep, are not

symmetrical. .
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KWEKWE ROASTER

The main difference between the GALLAGHER belt and the riffle -

belt Is that the belt is moved acros the flow of feed pulp rather
than against it. . ' .

- GALLAGHER BELT = -

. . el

" FEED DISTRIBUTOR

COLLE

CONCENTRATE S

TALS -

The GALLAGHER belt Is a simple device ‘that'is sald to have been
developed in Rhodesia and was also not encountered elsewhere.

After roasting, the calcines frequently also contain: water soluble
base metals which would interfere with subsequent cyanidation,

Accordingly, they are water washed in two thickeners arranged in
series to wash counter currently.

Calcine is pumped from the cyclone overflows in the grinding clrcuit
to the first of the”two 20'0 x 7' washing thickeners. According to
Cleary (1546), and it is unlikely much has changed since then,
except possibly as a result of the reduced roaster residence time,
sulfide content In the calcine after roasting should be below 2% and
the SO, ® level in the liquid phase would typically be 10-20 g/t.

The washing thickeners measure 20'0 x 7' and are constructed of

‘concrete. Rake speed is 0.2 rpm powered by 3 HP motors. Under-

flow of each unit is at 50-55% solids. About 50% of the washwater
Is discharged to waste, and It assays from trace to 0.03 g Ault.

Whenever base metals are associaced with sulflde concentrates
roaster feed, this calcine washing step is a must.
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KWEKWE ROASTER

Prior to leaching and after water washing, the calcines are pre~>

“: aerated in two stages also arranged in serles. Lime Is added to
- maintain an excess of 0.004% CaO. The purpose of this step,ls to

. be sure to oxlidise any ferrous iron to ferric.  Ferrous ions ’
"consume cyanide and oxygen during the subsequent  cyanidation

step and would interfere with gold leaching efflclency. Another
advantage of pre-aeration is that it provides some additional

- opportunity to oxidise any soluble -sulfides to sulfates, thereby
- eliminating any addtional interfering species. This step allows pH
. to be adjusted by lime addition to yield a uniform pulp, which
- avoids localized areas in the pulp of either very high or very low

pH- which can interfere with leaching as well. It is believed that

pulp density Is reduced from 50% sohds to around 33-1/3% solids in - -

_ .Zp this stage.

4,

. Cleary (1946), observed that steel impellers requlre replacing after

5..

CYANIDE LEACH!NG :

- Gold Is leached in four 10'@ x 10' DENVER downdraft tube mechani~
cal agitators. Cyanide strength is maintained at 0.128 NaCN and -

Ca0 at 0.02%.

The downdraft tubes extend ubwards to Just below the surface of |

the pulp and as pulp is drawn down, 3 vortex forms that drags air .
down_with the pulp. The effectiveness of the aeration that results
is very clear judging by the larger number of well dispersed air

.bubbles that rise back up through the pulp across the whole -

surface of the agitators.

. The units currently in use appear to be the same as those des~
.. cribed by Cleary (1846), which were equipped with 7§ HP motors.

Approximate residence time in the leaching step Is 16 hours.

The best estimates of cyanide and lime consumption are those given
by Cleary (l9u6), at 5-6 lbs. NaCN per ton and 15-20 lbs. lime per
ton, -

5000 tons treatment. Their life appears to be extendable by at
least 2% times if the impellers are coated wlth rubber.

" SOLID/LIQUID SEPARATION

Leached pulp at 30% solids, is fed to the first of four 28'0 DENVER
standard lowhead CCD thickeners In concrete tanks. Thlckener
underflow Is advanced at 50% solids.

Clearly, at recent gold prlces a four-stage dll.:tion wash would be
inadequate. Consequently, the addition of a 6' x 6' drum filter for
an additional separation stage Is commendable. It was not noted
whether the drum filter cake Is washed or not. The filter must
have been Iinstalled shortly after Cleary's (1946) paper, as it
appe?rs to be of a very old deslgn, although still in good operatmg
condition.
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. 6. SOLUTION METERING & RECORDING -

SECONDARY ARSENIC PRODUCTION .

Of particular interest Is the method used for recording the volume
of pregnant solution advancing from the CCD tanks to clarification
. and zinc precipitation. - The unit installed is a LEA MASS recorder,
" which consists of a V-notch weir fitted with a float to monlitor the
level which iIs In turn connected to a.cam which drives a disc
connected to an odometer- In such a way, that the volume passing
the weir is callbrated to the number registering on the odometer.

7. ° When antimony Is present In the concentrate feed, this can readily
be detected by the presence of a gunmetal grey colored scum that
floats on the surface of pulps in the conditioning and cyanide
leaching agitators. . ‘ : ' '

8. Large amounts of residues from the seéondar%arsenlé plant n'.mmng

27-30 g Au/t and around 9% as have been accumulated in a stockpile

at the plant. . ) - . 7

9, There are -also very farge amounts of accumulated flue dusts
running around 9 g Au/t and much higher in As.

10, The stack has: been In operation for about 30 years. It Is
constructed from concrete with an Inner surface about 1" thick of
o expanded metal reinforced cement, A section of this was recently
drilled to test its condition. It was found to be in perfect
condition, Indicating that the 502 rich roaster gases do not appear
to attack cement. ‘ . v

B

]
4
'

i

About 70-80% of all the arsenic in the feed is rollected as flue dust with

an arsenic level of about 45% Asy03. About &0 tpm of this fiue dust is
collected, )

"The flue dust produced from current operations, together with that from

-the accumulated stockpile, Is fed to a separate small EDWARDS roaster
which is completely sealed, i.e. all the air ports. are cfosed. This -
roaster is maintained at 250°C and diesel fired. .

The As,0, volatilises and is condensed in a condensing tower from which v
it drops into a bin as a saleable product with 96-97% Asz()3 purity.
About 16-22 tpm is produced. . S

The residue from the secondary arsenic roaster contains 28-32 g Ault
and about 9% A5203 and ' is currently being stockpiled for future
treatment, o _ . .

The arsenic product is sold locally to a company called RODIA (PTY)
LTD. in Harare (Salisbury). Some is exported to the U.S.A.

The secondary arsenic treatment plant appears to be both simple from an
equipment standpoint and easy to operate. More complete details would
be available from the plant manager. -

- .
[
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