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(1) This report assesses the gravity and flotation testing progr~~s

carried out in Australia on samples from Macquarie Harbour. Testing

concentrated on the search for a low cost treatment method capable of

producing a commercial sulphide concentrate without grinding of the

(2) The saIl!l?1es investigated contained 3.75% sulphur (principally as

pyrite) and 0.16% copper, with minor alOClunts of other base metals.

sulphide concentrate (approximately 40% S) with good recovery

(approximately 80%) but copper recovery is poor (~20%).

1
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I

(3) Gravity concentration is capable of producing a commercial

1 (4) Froth flotation will produce a similar or better sulphur grade

emd recovery, but copper recovery is much better (>50%).

1 (5) Further improved copper recoveries rray be possible in a usable

1
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sulphide concentrate, but would involve an increasingly sophisticated

plant. The possibilities of flotation in this respect were not fully

investigated.

(6) The treatment problems arise from the nature of copper mineralis­

ation, which appears to occur as primary and secondary sulphides,

liberated and in composites, as well as a minor alOClunt in slag and oxide

form. In marked distinction, a1lOClst all the sulphur is present as

primary pyrite only.
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INTRODUCTION

Australia Cities-Service have rights to a large alluvial

deposit containing approximately 5 percent of pyrite and significant

base metal values, in Macquarie Harbour, Tasmania. The material is

unconsolidated deltaic sands and fines, mostly lying below high

water mark, at the rrouth of the King River, with more than 50 million

tons to dredgable depth. Most of the values will have originated

as tailings from mine workings at Mount Lyell, but it is believed

that SOme may be naturally derived detrital material. It also

appears that some of the base metals may be present in secondary

form after solution transportation.

The basic thinking behind the investigation reported herein,

was that it might be possible to produce a pyrite concentrate suit­

able for acid manufacture by a large-scale low cost dredging and

gravity processing operation. It was reasoned that the base metal

(and any precious metal) values would be concentrated in the pyrite

concentrate and could be economically recovered from the pyrite cinder

by leaching or volatilization (e.g. Dowa process), subsequent to

bm:nL"lg ,the pyrite in the acid plant, with the final cinder after

-rO:>lllOval of copper, zinc and otl,er base metals, being suitable for

blast furnace feed. This process is operated commercially in Japan,

Germany and the U.S.A.

Processing tes~.ork was undertaken at the following Australian

laboratories, with the objective of establishing a viable treatment

method:

Andel, Adelaide: Lamflo sluice and spirals

Mineral Deposits, Southl?ort: Reichert cone and spirals

- Robertson Research, Bowral: Flotation testing, mineralogy, etc.

In addition, flotation testwork was undertaken in Canada at the

laboratories of Lakefield Research. The testwork at Australian ­

laboratories was coordinated by Mr. R. Butler, chief metallurgist,

Robertson Research Australia.
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This report summarizes and interprets all the work carried

out and results achieved. Fuller details of the work undertaken

by Mineral Deposits and Amdel are contained in ~~e following re­

ports;
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AMDEL ME 2072/76 March 1976

$J>A..~

- MIN. DEPOSITS 15.213.1/1 April 1976

- MIN. DEPOSITS 15.213.1/2 May 1976

"Lamflo Sluice and Spiral
Beneficiation Tests" ­
W.G. Rogers.

"Cone Concentrator Studies
and Circuit Designs on
Alluvial Sulphide Ore" ­
M.S. Cross

"Spiral Concentrator Studies
and Circuit Designs on
Alluvial Sulphide Ore." -.
M.S. Cross

I,
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SAMPLES TESTED

COMMENTS:

The RRA sample was a head

ex Mineral Deposit Composite

25 x 44 gal drums:

Approx. 80 x 44 gal drums from Holes
211-221 (plus 130 other drums)

Lakefield : 1 x 110 pound wet pulp sample

Mineral Deposits

Robert~on Re~p.arch

3.

The samples tested by the respective laboratories consisted

444006

The composition of the various composites reported by the

laboratories was:

Arodel Min.Dep. Lakefield RRA
Size Analysis (cumulative '\J

+300 micron 7.5 14.4
+210 " 31.3 28.7 0.2
+150 " 56.0 58.0 3.5 78.8
+105 " 77.5 81.3 25.6
+ 75 " 88.9 91.3 55.3 96.8

Analysis ('oj

Sulphur 3.75 4.12 3.70 3.30
Copper 0.15 0.16 0.13 0.17
Zinc 0.018 0.012
Cobalt 0.008
Molybdenum 0.005

of:

the bulk samples were used drum by drum.

sample taken from one particular Mineral Deposits test run.

The Lakefield sample was much finer and presumably typical of

a section of the delta further out from the river mouth.

The samples tested by Arodel and Mineral Deposits were similar,

and said to be representative of the bulk of the ,available material.

In both cases, the material under test varied from time to time as

I
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Preliminary testwork at Mineral Deposits in early 1975 was undertaken

on very coarse material with the following properties:

testing at Lakefield in late 1974 was on very fine slime material,

with the following cOlrposition;

Initial

92.0, percent retained at 7S micron

4.4% Sulphur
0.17% Copper

14.5 percent retained at 75 micron

4.8% Sulphur
0.09% Copper

Sizing

Analysis'

Sizing

'Analysis

superficial surface pit or random drill hole samples.

The samples tested at this stage of the programme differed

very considerably from those examined in the preliminary stages.

This was not unexpected insofar as the earlier samples were either

Generally, however, the results between the different

laboratories Were consistent, with the coarser fractions tending to

show a greater amount of unliberated cOlrpOsite material.

I
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MINERALOGY

Mineralogical exar~nation was carried out by Lakefield Re-

occurs in the form of predominantly liberated pyrite

The following

In the original Lakefield. salnple, minor amounts of chal­
cocite, covallite, bornite are reported.

In the preliminary Mineral Deposits gravity testing, only
about 50 percent of the copper content reported with 90
percent of the sulphides in the gravity concentrate.

In the Amdel gravity testwork, the best results gave a
recovery of only 24 percent of the copper with BO percent
of the sulphides.

(a)

(b)

444008
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chalcopyrite (residual primary) mineralization.

(d) On the sawe bulk SamPle, RRA achieved by flotation a
93 percent recovery of sulphur at a grade of 32.6% S.

(b) On the much coarser Mineral Deposits preliminary sample,
90 percent of the sulphur was recovered as a concentrate
assaying 15% S. It was estimated microscopically that
30-50 percent of the sulphides were free.

(a) In Lakefield Test 5, 70 percent of the sulphur was re­
covered as a concentrate assaying 50% S. 95 percent
of the concentrate was liberated pyrite, chalcopyrite
or pyrite ~ chalcopyrite corr~osites.

(c) On the bulk SamPle tested by Mineral Deposits, composites
~ppeared to account for less than 20 percent of the sul­
phide present. Most of the composites were coarser size
gangue particles with only minor aIllOunts of sulphide, as
inclusions.

(c)

2. Copper is present in several forms: only about 20-25 percent

search and Robertson Research, on various samples.

summary details the conclusions which can be drawn from ore micro­

scopy and mineral processing results regarding the nature of the

mineralization:

1. The bulk of the sulphur content is present as liberated pyrite

- chalcopyrite

3.
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(d) Similarly, in the Mineral Deposits study, copper
recovery of about 26 percent was associated with a
recovery of 85 percent of the sulphides.

(e) Gravity concentration would be expected to make a sub­
stantial recovery of copper occurring as discrete grains
of copper mineral above about 20-40 micron size and as
inclusions associated with other heavy particles
(e.g. pyrite).

A greater proportion of the total chalcopyrite content is

locked than of the pyrite. This is estin~ted as about ten

percent of the total copper content.

(a) It must be remembered that the deposit is largely the
residue from copper and gold winning activities over the
years. Whilst there has been some sporadic recovery of "
pyrite values, in general the ratio of pyrite to chal­
copyrite will be considerably greater than that of the
original Mt. Lyell mineralization•

•

(b) It is suggested that the natural ratio of pyrite to
chalcopyrite will probably be oreserved in the composit­
ion of sulphide inclusions. -As the natural ·ratio is
approximately 20:1, and gravity concentration losses are
only about 10-20 percent, with perhaps 0.70 percent as
pyrite inclusions, i.e. 7-10 percent of total pyrite,
losses as chalcopyrite inclusions are probably of the
order of 0.04 percent, i.e. 0.015 percent Cu.

(c) Mineralogical examination of tailings from tabling and
cone tests at Mineral Deposits confirmed the presence of
some losses as fine pyrite/chalcopyrite inclusions. The
quantity was relatively minor. A greater loss of pyrite
occurred as composite coarse (+150 micron) particles,
associated with gangue. Such particles tended to be
predominantly gangue with minor sulphides. Pyrite,
chalcopyrite and chalcocite were reported as occurring
in this form, but relative proportions could not be
estimated.

Only a minor (negligible?) amount of copper is present in the

form of oxide copper mineral, or as slag.

(a) Only copper sulphide minerals were observed in mineral­
ogical examinations at Lakefield and Robertson Research.

(b) Only 2-4 percent of the copper present in the RRA samples
is" soluble in dilute acid at arrhient temperature conditions.
These conditions would dissolve oxide minerals (chrysocolla
only partly) but not copper sulphides.

l
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(a) Secondary minerals, bornite, chalcocite and covellite
were identified in the polished sections prepared by
Lakefield Research.

(b) Chalcocite was also identified in the polished grain
IlIOuntsexamined by Robertson Research. Approximately
twice as much chalcopyrite was present, as chalcocite.

s
92.3

97.8

Recovery

Cu

54.3

85.4

s
25.8

17.2

Grade

Cu

0.79

0.64

5 min.

20 min.

(c) A very small amount of.granulated slag was observed in
the coarse size fractions. It constituted a very small
fraction of the whole sample ( <0.1% perhaps) and there­
fore could not account for any significant portion of
the copper content.

(d) Siderite is present, and constitutes approximately
3 percent of the head. There is no appreciable con­
centration of copper with the siderite.

The remaining "50 plus" percent of copper mineralization

appears to be present as secondary sulphide but has not been

fully identified. It may occur in several forms.

(c) In both cases, the samples examined would have been
granular and free of slimes. The finer fractions show
a slight concentration of copper, which is presumably
present as the sulphide, chalcocite. The Mineral Depos­
its head sample assaying an average 0.16% Cu, contained
0.20% eu in the minus 20 micron fraction, but with a
fairly uniform copper distribution throughout the size
range.

(d) The flotation testwork undertaken by Lakefield and RRA
gave much better recovery of copper than gravity con­
centration for similar sulphide sulphur recovery and
grade. This is consistent with the additional flotation
recovery of fine chalcocite, and is further supported
by the Slow flotation of copper (which is characteristic
of fine chalcocite).

5.
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is largely fixed within the pyrite lattice.

also tend to be closely associated with the pyrite.

have tended to be acidic and carry anomalous copper values.

(3) Some copper (and other base metals) has been introduced

60'1;

10%

2-4%

20-25%

Other base metals 'will

It is likely that the river waters

Such chalcopyrite as is present will

Zinc is similarly mobile, but cobalt

Chalcopyrite/pyrite, gravity recoverable

Chalcopyrite/pyrite, as minor constituent
(inclusion) irrecoverable by gravity or
flotation

Oxide copper

Secondary sulphide copper - fine chal­
cocite - recoverable by flotation only

444011
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(2), The material brought down from the mining operations

will contain pyrite but will generally be depleted in free

SECONDARY SUI·PHIDES, IlOstly ultrafine and in process of
formation, accounting for a considerable portion of the
copper and zinc.

(1) The deltaic deposit has been formed from material carried

down the river, derived by natural weathering and mining operations

in the vicinity of Mt. Lyell.

largely be associated with pyrite.

ings on other minerals.

chalcopyrite particles.

(5) Thus there are two distinct sulphide populations:

RESIDUAL PRIMARY SULPHIDES accounting for all the pyrite,
and 'the cobalt content, some of the copper and zinc
(lrost of the sulphur).

as fine slag partioles •
•

(4) Under the likely conditions existing in the 'delta,

especially below the normal water table (tending to be reducing/

acidic), copper could be precipitated as the secondary minerals,

chalcocite, etc., in the form of ultrafine particles or as coat-

(6) From the foregoing, the following possible distribution

of the copper content can be hypothesized:

It seems reasonable to postulate the following genesis for

the deposit as it-exists:
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GRAVITY PROCESSING

MINERAL PROCESSING TESTWORK

Investigations were undertaken by the following laboratories:

Beneficiation

.
Beneficiation by Reichert cone concentrator

The details are as follows:

AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES
by Lamflo sluice and spirals.

MINERAL DEPO~ITS

and spiral.

Grade Recovery

S Cu Wt. S Cu

Feed 3.42 0.17
Lamflo sluice Conc. 4.55 0.18 6.93 92.0 74.2
Spiral concentrate 14.6 0.23 19.1 79.7 23.7

24 percent.

In both laboratories, satisfactory concentration of the pyrite could

be achieved, but recovery of the copper content was very poor, with

no significant upgrading. The results of testwork at each laboratory

have been reported in detail elsewhere.

At Arodel, Lamflo sluice concentrators were used to produce a

primary (rougher) concentrate which was further upgraded by a Mineral

Separator spiral to give a final concentrate. A number of tests were

run to evaluate different equipment parameters. In the most promising

test, the sulphur recovery was 80 percent, the copper recovery only

444012

More thorough testing to achieve a higher grade concentrate was not

carried through because of the obvious difficulty of recovering the

copper values in this circuit.

Processing investigations followed two distinct. lines of thought,

in an attempt to achieve a satisfactory concentration of the sulphides.

Preliminary estimates indicated a very clear advantage to large scale

gravity processing, using current beach sand technology, if satis­

factory recoveries could be achieved. Operating costs (dredging and

gravity concentration) of the order of $0.30 per tonne dredged might

be achieved, compared with $0.50-0.70 , or even higher, if flotation

had to be employed. In addition, capital costs for a gravity plant

would Frobably be considerably lower.

4.
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A con-

Cu

26
12

S

85
80

Recovery

16
7

!it.

Grade

S Cu

3 0.16
16 0.26
40 0.33

Some undoubtedly occurs in this latter

It must ,thus be concluded that the bulk of

Feed
Reichert cone conc.
Spiral concentrate

further upgrading of th~ concentrate by means of spirals.

ing in the same =de.

444013

siderablenumber of tests were carried out to establish equipment

parameters, and to develop a"flowsheet for concentrating the pyrite

content. In the most satisfactory tests, a final concentrate assaying

43.9% S was achieved, but copper recovery was very poor. From these

tests, the predicted performance for a closed cycle operation were:

At Mineral Deposits, Reichert cone concentrators were used to

achieve a primary bulk separation of the heavy mineral values, with

10 •

is rejected by the sluice.

form as very minor inclusions (chalcopyrite) in gangue particles,

but should not be significantly =re than the amount of pyrite occurr-

These results serve to confirm the conclusion drawn from the gravity

concentration testwork at Arodel, that the pyrite fraction can be

satisfactorily concentrated by gravity methods, but tha10 the bulk of

the copper content is not recoverable by gravity methods.

The poor recovery of copper confirms the view that only about

25 percent of the copper occurs in close association with the pyrite

content, or as free granular sulphide mineral (chalcopyrite). The

75 percent unrecovered must occur either in the fine fraction (below

30-40 l!li.=on sizing) not amenable to concentration by gravity sluice,

or as a relatively minor component of light granular material, "hich

the copper unrecovered by gravity processing occurs in the fines or

possibly as very fine surface coating material on coarser gangue

particles.
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FLOTATION

A considerable number of flotation tests have been carried out

444014

I,
I

The possibilities of bulk

Six tests were completed:

(3) FATTi ACID FLOTATION OF SLIMES. Flotation of the
siderite fraction from the decanted slimes resulted in no
significant concentration of copper, all products having
approximately the same assay.

(1) FLOTATION OF SULPHIDES IN SLIMES. This test was under­
taken on decanted slimes from the Mineral Deposits test rig.
Most of ·the values would not be recovered by gravity concen­
tration. Flotation recovered 97 percent of the su~phide

-...ulphur and 59 percent of the copper.

(5) SULPHIDE AND CARBONATE FLOTATION. This flotation waS
carried out on a representative sample. Using standard flot­
ation technqiues and relatively short flotation times, 54 per­
cent of the copper reported with 92 percent of the sulphides.
There was only minor concentration of the copper with the
siderite concentrate. .

(6) SULPHIDE FLOTATION. This test repeated the conditions
of test 5 sulphide float with extended flotation time.
The longer float resulted in a recovery of 85 percent of the
copper and 97 percent of the sulphur in a concentrate after
rejecting 79 percent of the feed.

(4) AMINE FLOTATION. The possibility existed of some of the
copper content occurring in intimate association with the illite/
mica/chlorite content. Amine flotation to concentrate these
.minerals resulted in only minor concentration of the copper
content. It can be concluded that a small amount of copper
occurs in this form. Its recovery would not be economic.

(2) FATTi ACID FLOTATION OF SLIMES. This test was under­
(taken on the tailings from the previous test. The objective
was to concentrate the carbonate content (siderite, principally)
together with any copper carbonates associated with it. The
f1otation was unsuccessful in concentrating the copper.

by Lakefield Research, on two samples.

ion processes.

f1otation, bu1k flotation with middlings regrind, selective copper

f10tation and various leaching and roasting tests were investigated.

Flotation tests were undertaken in the RRA laboratory as part

of the investigation of copper not recovered by the gravity concentrat-.

4.2.
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Fuller details of each of these tests are included in Appendix 1.

Some of the tests were designed to provide answers to some of the

problems regarding the location of the copper losses. In under­

taking sulphide flotation tests, it was considered appropriate to

bias the tests towards the practical possibilities of a bulk flotation

of unground material, using the simplest reagent combination possible.

The results of the flotation tests show that an acceptable

grade of sulphide concentrate with over 50 percent copper recovery

is achieved in the simplest possible flotation circuit (short retention

time, minimal cleaner flotation and reagent requirement, no grinding).

The extension of flotation capacity achieves a greater copper recovery

-- 70 or 80% -- depending on retention time allowed, but this would

result in dilution of the concentrate and necessitate additional

cleaner flotation capaci~y. (Test 6)

The low copper recovery results from a variety of. factors.

Some of ' the copper is present in a form (fine inclusions, slag, etc.)

in which it is not amenable to concentration by gravity or flotation

processes. A considerable proportion is amenable to flotation, but

floats slowly, requiring a long contact time. This is consistent

with the presence of fine secondary copper mineral. such as chal­

cocite -- it is an axiom that large particles float faster than the

sma1.1er -- though it has been difficult to confirm this by rn;~eralo'J-'

ical examination.
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CONCLUSIONS

The overall practical conclusions regarding the treatment of

Macquarie Harbour sulphides are:

(1) Gravity concentration effectively recovers the pyrite

content but not the copper content. It is capable of pro­

ducing a 40 percent sulphur product accounting for 80 percent

of the sulphide, but only about 20 percent of the copper.

(2) A relatively simple flotation procedure works better and

is capable of producing a comparable sulphur grade and recover,",

with 50 percent recovery of the copper or better.

(3) A product which is satisfactory except possibly in terms

of copper recovery can be produced by flotation without grinding,

with a single reagent addition, with short retention time

. (5 minutes' roughing) and using a simple single·stage clean::'ng

circuit.

(4) Improvement in the copper flotation recovery can be

achieved by longer flotation, but at the expense of product

grade. Additional cleaning stages may impruve the grade

without excessive loss of copper values, but this possibility

~not been thoroughly investigated.

(5) No combination of gravity and flotation processing would

appear to offer any advantage over flotation alone.
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APPENDIX 1

The following diagrams summarise the conditions and results
of the flotation testwork. Each test is shown in the form of a
flowsheet identifying successive products.

Results at each stage are given as percent and shown in
boxes, using this key:'

Weight
Copper Grade Sulphur Grade
Copper Recovery Sulphur Recover'.1

In some cases a single set of figures only is given. In ~~ese

instances, only copper values are included.

Reagent quantity and point of addition are all indicated in
.the following manner:

HMl' 25--'--

which signifies:

Sodium Hexametaphosphate 25 g/t
•

Frother e,:uantities are not shown, since frother is only added
as required to maintain quality of froth.



TEST 9511-1

Fi.!lal Tails

(1'/0 0.1;.>
T!I·S

",'-a .1'0

0'/4 /'5'<
7'<'9

51-4 1.72

10.,./0 ""'''As:
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SCAVENGER
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. Cleaner Cone.

I I
I I

I Cl
10
IQ
I !
I •
I Q

I l
I I
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I [J

!'!JP.POSE: To .investigate the recovery of fine sulphides, not recovered
by·t:he gra;;:Li:'J concentrator.

FLOTATION CELL:

I I
I I

FEED:

GRIND:

Reichert cone decanted slimes (N.B. - 8.4% S 0.19% CU)

No grind

Denver 500 gm

2500 rpm

I I
SPEED:

PULP DENSITY: 25% solids

I I
I 1
I I
I I
I

COMMENTS: A good recovery of sulphides is achieved in a simple rougher
float. with scavenging raising recovery to 97 percent at a
combined grade of 39.7% S. The recovery of copper is lower
and slower. Of particular significance is that the highest
grade of copper is achieved in the scavenger concentrate.
This suggests that flotation of the copper sulphides (chalcocite?)
:is not complete.
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0'/00
9,J·4

91'·7

GUIHfJ

FEED 0. 1------ --

!,
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r:J
o
10
ICJ
10
10
10
10

FLOTATION CELL:

IC]

10
I []
In
I fj

LJ

IU
I 11

~J

I U
I rJ

I m
I

PURPOSE:

FEED:

GRIND:

COMMENTS:

To check the possibility that some of the copper conta~ned

in the slime tails after flotation of sulphides may be
~ocked with the siderite/calcite.

Tailings from SUlphide flotation of slimes (Test 9511-1)_

No grind.

Denver 250 gm.

Al.though a siderite/calcite concentrate was produced, there
is no significant copper content in it.
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0'/9
87·qf----/

J
Final 'Tails

8&-9'.

nED 0- 1------ ~==

•
q./~

/9-q
/J./

0'/9

''''s
'o·s

Cleaner Tails

Denver 500 gm.

To repeat test 2, using slimes decanted from the Reichert
cone test as feed.

Reichert cone decanted slimes
......

Again there is no significant concentration of copper with
any of the .products.

No grind

r

COl1MENTS:

FEED:

GRIND:

PURPOSE:

:FLOTATION CELL:

CD.'IDITIO~IIl:G

. II'H9-..-
_---"'0/ .

9~;ruD

Cleaner Cone.

IN I' ;.:q I

IQ
f

I~

I-
"I,
Ii
II
I I
I t
I I
II
I I
I I
I I
I I
I I
I I
I I
I
I
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TEST 9511-4

To determine what portion of the copper lost in slimes was
associated with the illiteimica chlorite fraction. An
amine reagent was used to selectively float these minerals.

0'18
00·.1

74·9

0'111

...

FEED 01------ ~==

--c­
0·24

minor a=unt of copper associated with the clay
The copper. has probably been adsorbed from

1?·Tf----l

..

\Y
Cleaner Tails

Denver 250 gm

There is a
fraction.
solution.

No grind

:Reichert cone decanted slimes.

TOO "./,~",.,..} . GRIllE
~o 9/ )"t1"'h?t" ----+1

00 "./I8HHC'
CONDI'l'IONING-;S h7;HS'.

t
....-----:-.-r-;R~_U:;,'I:rG~~;:SR;;;-"l1 fO M·-'.,..W"-.------.,

t
Final Tails

AFOot
,0.6 NO"
II,/1P

\

CONDITIONING

FLOTATION CELL:

COl-lMENTS :

PURPOSE:

FEED:

,
Clea~er Cone.

El::;7 I

. GRIND:

I]
I ·.,

. .1

lJ
In
10
It:i
III
I~

I B

I f!
~

I I
I I
I I
I I
I I
I I
I I
I !
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P4~
O'(),f 0",;1
39·,2 s71

JnWns. ~

Final T"-il s .

- OO!1 o '-2!1
$$·3

4.1"·7 7'7

0'201 /'$!1".()
IS·" :/!'.1

L SCA';!Er:GER

'V
ScavenGer- Cone.

COl·IDITIOHI!·IG -/tJ6Hh.t.

IpH .1'0
'I

xanthate float - to l:ecover sulphides
Aero 801 float - to recover siderite,

calcite etc.

Denver 250 gID.

20% solids.

To float sulphide and copper values from the representative
hea.d s~le using:
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TEST 9511-5

. FEED ~
I------LCIJ

In a single flotation step, recovery of copper and grade
·of sulphides is bt-"1:tte:r than achieved by gravity treatment.
Some copper reports with the siderite concentrate, but
this may well be sulphides continuing to float (see Test 1)
rather than copper-bearing siderite.

Representative head s~le of material tested at
Mineral DepOsits •

. No grind.

Eh1I!ID

";onM,,"'" ".....1".9/"......1
. CO:"1DITI O:~Il';G -Jhf/M.

Aertl/r.M .?" I11'11 J" .9

0·'7.9 .i!"$ "-... ~I

IN' T- I ROUGHER-.l oS" ,",;'.f.S~..J 9",..1
"

"

~"'O4
Aer. d'Q" .100.9/';;;;:-

,
i

GRIND:

PURPOSE:

FEED:

COMMENTS:

FLOTATION CELL:

PULP DENSITY:

,"
IU

jm

J~

JI

JI
]1

II
JI

11
JI
11
II
]1

II
]1

jl

II
II
II
I g
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-• TEST 9511-6

\\
Fil':::1 Tc.iJ ~- --

a·(lJ
"1

O·/a
7$'6

N'6 2·/

,
a·o¢ /7'2

it·¢
$';'" 9;'. y

1)·'9'0 /'_'8
c·

17·/ 2·~-

-
(1-.5'9 2-.JJ

3'8
/J.y 2·.9

IMnver 250 gm.

i
GC:\:nTl ~l::f i;(~ 0'-_., ..

"'~"'I1;;'ofh .?f JpH J"3

Rougher flotation time has been quadrupled with marked improvement in
copper recovery. This is entirely consistent with presence (and re­
covery) of fine chalcocite.· Although some of this additional copper
was dropped on cleaning, it is believed that an improved recovery/
grade could be achieved with further testing of the cleaning steps.

. FEED ~;l
(- -1 It!

::::'~:C·

ROUGE~ ! 20".;hS.

To repeat Ute sulphide flotation of Test 9511-5, wi-ch longer rougheJ:
flotation, to permit flotation of fine chalcocite and other copper
sulphides which tend to be slow floaters.

Representative head sample of material tested at Mineral' Deposits.

No grind.

COllD!1'''IIl'''

1.---p."

-
(I·d..? 32'6

/01
H·¢ j',7.()

~l.

PtmPOSE:

COMl'!ENTS:

FEED:

GRIND:

FLOTATION CELL:

I
.----'>',r.T·" "--'~l-' -. t ~"r.~-.J .>"""s. .J

. CIDa~e~ Cone. Cl~aner ~ails

I

i
\I
I
I
I
I
I
I
I
I
I
I
I
I
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1. INTRODUCTION
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Austr~lia Cities Service Inc., are currently c~rrying out a conceptional
study on the feasibility of various beneficiation processes for the treatment
of the coarse delta sand deposit from the ~~cquarie Harbour sediment.

The caterial in this deposit originated as a result of the deposition
'of the solids from the tailing pulp discharged into the Hacquarie river '1
froD the }lount Lyell copper treatment plant. It contain;;- heavy mineral
sulphides, ~~inly pyrite (total sulphur content as much as 3.7%), together
with a sm~ll amount of the uncl~imed copper miner~ls (at least 0.15% Cu).

The objective is to produce a sulphide concentrate suitable for the
manufacture of sulphuric acid and to recover portion of the copper by
carrying out an acid leaching stage on the roasted sulphide product.

Results of test work carried out so far indicate treatment probably
will require primary gravi,y concentration stages aimed at rejecting as
much of the gangue material as is possible with minimal loss of ch~

sulphide minerals and a secondary flotation stage to assist grade
improvement.

Ar:ldel's involvement in this project arose from the availability
within Ar:ldel of a Lamflo sluice together with spiral gravity separators.
The sponsor ,was interested in investigating these separators as an
alternative primary gravity beneficiation stage for the beneficiation of
a composite sample of their coarse delta sand sediment and to compare
the separation results obtained, in this case, with those achieved as a
result of independent investigation carried out with the Reichert cone.

This report outlines the result$ of this investigation.

2. ~lATERIAL EXAMINED

This testworkwas carried out with 'Batch No~' composite sample from
the Macquarie Harbour coarse delta sand sediment received 6/1/76 and
contained in twenty five 200 litre polythene lined, sealed drums. The
material, essentially of minus 710 m with negligible fines, haa a net
dry weight of 5.5 tonnes. Details of the results of size and assay
analyses carried out on a head sample spear sampled from the 25
drums, are included in Tables 1 and 2. The specific gravity of the
dry head sample was 2.85.

3. A.'1CILLARY ~TERIAL

The following ragent was used for the purpose of preliminary, assess­
ment of the test results:

Name

T.B.E.
(Heavy liquid)

Composition

Tetra bromo ethane

Use

Heavy liquid separation of
the heavy minerals in' th~ dry
test p~oducts at:

Sp. gr. 2.95 (Tests 3 to 5)
Sp. gr. 2.90 (Tests 7 to 9)
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4. EQUIP~ffiNT USED

The following equipment was used in the tests:

}lineral Separator Spirals (2)

Denver 1.2 x 1.2 metre conditioning tank (1)

2.54 x 3.81 Cm l,arman 3.7 kW motor fixed speed pumps (2)

Lamflo Separator (1)

Automatic Sample Cutters (4)

Standard Screens (AS 1152 - 1973)

5, EXPERI}lliNTAL PROCEDURE AND RESULTS

444026

5.1 Sample Preoaration

The contents of the twenty five drums were dewatered and the settled
solids were spread onto a concrete apron and air dried to 5% moisture,
Mixing was accomplished by coning five times with a front-end loader.

Preliminary testing of a 0.5 tonne parcel of the composite sample
revealed the presence of plus 1.27 cm stone pebbles which caused blockages
to arise in the feed lines. Consequently it was necessary to screen
the balance of the composite sample over a 0.635 em screen to remove the
pebble fraction. The weight of pebbles screened from the balance of
the bulk composite sample was negligible.

5.2 Preliminary Closed Circuit Lamflo Tests

Preliminary tests with the Lamflow separator were carried out in closed
circuit by returning the concentrates (3) and tailing products back "to the
Denver feed mixing tank charged with approximately 0.5 tonne (dry weight)
of the pulped composite sample.

Tests were carried out by varying the cutter slot widths and feed
pulp flowrate while maintaining the pulp density and deck slope constant.

Best performance for the Lamflo separator was obtained when using a
cutter slot width of 0.635 cm (~") as this enabled concentrate weight
recoveries of the order of 50 to 70% to be obtainable when operating close
to the recomDended feed rates of 5.6 to 7.8 dry tonnes/hour.

Three tests, Tests 3, 4 and 5 at dry feed rates of 5.49, 6.05 and
6.5 tonnes/hour respectively were carried out "hen operating at the
above cutter slot widths and feed solids concentration of the order of
52% solids weight. The results of these tests were assessed by carrying
out T.B.E. heavy liquid separations on the test products. The results
are shown in Tables 3 to 5 and graphically illustrated in Figure 1.
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5.3 Production of low Grade Hulk Lomflo Concentrate From
Ooen Circuit Runs (Test 6)

Production of a 10\, grade bulk Lamflo concentrate for spiral cleaning
tests "as carried out by running approximo.tel,' 2.0 tonnes of the pulped
co~posite delto. sand sediment through the Lamflo separator when run in
open circuit. To treat this quantity of the composite sample four 0.5
tonne (approx.) parcels of the sample were run through the separator
s"parately. Th" av"rage feed rate for these runs was 5.7 dry tonnes
per hour at 3n av"r3ge pulp solids concentration of 52% solids weight.

The dry solids ,"eight distributions for the bulk concentrate and
tailing products w~re determined by tonnage measurements Dn the thickened
bulk Lao£lo concentrate and tailing pulps.

Initial assessment of the results was done by TBE heavy liquid
separations Dn samples Df the test products. Final assessment Df the
Lamflo .bulk CDncentrate and tailing products fDr Cu, Zn, Co, Mo and Total
sulphur. The results are shDwn in Tables 6 and 7.

5.4 Open Circuit Spiral Cleaning Tests

Spiral cleaning of the bulk Lamflo concentrate was investigated by
operating the Denver feed mixing tank in open circuit with a two-stage
spiral circuit using a normal rougher/cleaner configuration with the
cleaner spiral tailing returning to the rDugher unit.

FDur Tests, Tests 7, 8, 9 and 10 were carried out by feeding
separate batches of the bulk Lamflo concentrate pulp, agitated in the
Denver mixing tank, at a pulp solids concentration of approximately 52%

. solids weight to the rougher spiral feed box where it was diluted to
approximately 30% sDlids weight with· fresh make up water. The dry
solids feed rates during these tests were within·the range of 0.54 to
0.66 tonnes/hour. Wash water was added independently to each spiral at
a fixed rate of .3.5 litres/minute.

Variation in the c1ea~er spiral concentrate weight recovery was
accomplished by varying the angle of the cutters at the spiral concentrate
ports.

During each test samples were taken of the bulk Lamf10 concentrate
(rougher spiral feed), rougher spiral tailing and clea.ner· spiral concentrate..
Tnese samples were assayed for Cu, Co, and Total sulphur, The results are
shown in Tables 9 to 12.

Preliminary results for the T.B.E. heavy liquid separations carried
out on the bulk Lamflo conc~ntrate (rougher spiral feed), cleaner spiral
CDncentrate and rDugher spiral tailing are shown in Table 8 and graphicall­
illustrated in Figure 1;

6, DISCUSSION OF RESULTS AND CONCLUSIONS

Total sulphur detern{nations on the Lamflo and spiral tes~ products,
were by gravimetric procedures, which were found to be,more accurate than
the tube furnace method.
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The \,·ci&ht recovery results for the spiral test·s have been determined
from the Tot;1l sulphur ;1n;11yses on the test products ;1S these ;11'e
considered ",ore reli<lble th<ln those calculated from the other elements which
occur in lower concentrations.

For the spiral tests difficulty was experienced in obtaining mass
balances ~hen using the assays for the trace elements Zn and Mo. There-
fore these results have not been included. However the indications
were that these elements tend to report in the higher weight fractions
recovered.

The beneficiation results achieved for the. Total sulphur, copper and
cobalt when using the Lamflo separator as an initial rougher concentration
stnge and s?iral separators in a cleaning stage are outlined in Figures
2, 3 and 4 respectively. The best results achieved (Test 7) show a
concentrate grade of 14.6% T.S. and 0.23% copper for respective recoveries
of 79.7 and 23.7% from the original composite sample treated. These
results correspond to a weight rejection of 80.9% of the original
composite material treated. It is obvious from the test results that
effective recovery of the copper constituent will not be possible when
employing this type of gravity treatment circuit.
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TABLE 2: DETAILED SIZING RESULTS

Retained

Weight %

Cumulative Passing

Product

. ,.
1!.:.:!.... }:esh )lSS

710 22

500 . 30

355 44

250 60

180 85
r

125 120

90 170

63 240

45 350

-350

0.4

0.4

3.3

12.9

29.3

22.7

16.5

6.4

3.6

4.5

100.0

..,'

. '.-

'.

99.6

99.2

95.9

·83.0

53.7

31.0

14.5

8.1

4.5
, .
, '

",:', "

" :
" ..
,..

'. ,"' .
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Product

Cone. 1

2

3

Tail

Feed (calc)
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TABLE 3: TEE ASSESS~~~T OF RESULTS FOR CLOSED CIRCUIT
LA:·lFLO TEST NO.3
Feed Rate: 5.49 dry tonnes/h (4.9 tons/h)
Feed Density; 53.7% solids weight
Deck Slope; 14 0

Slot Width; 0.635 ern
Sp, Gr. TBE; 2.95

Dry Solids ~{8ibht % ~\"t % Heavy Min % Heavy Min. Dis tribu tion
Sp. Gr.

Frace t Cum. Fract. Cum, Fract. Cum.

2.98 27.6 27,6 24.6 . 24.6 46.7 46.7

2.84 29.8 57.4 14.6 19.4 29.9 76.6

2.79 14.5 71.9 9,8 17,5 9.9 86.5

2.77 28.1 100.0 7.0 14.5 13.5 100.0

2.85 100.0 14.5 100.0

TABLE 4; TBE ASSESSMENT OF RESULTS FOR CLOSED CIRCUIT
WlFLO TEST NO, 4
Feed Rate: . 6.05 dry tonnes/h (5.4 tons/h)
Feed Density; 52.8% solids weight
Deck Slope: 14 0

Slot Width: 0.635 em
Sp. Gr. TBE: 2,95

Product Dry Solids Height % Ht % Heavy Hin % Heavy Min. Distrib'.Jtion
Sp. Gr. Fract, Cum. Fract, Cum, Fract. Cum.

Cone 1 2.97 23.3 23.3 25.1 25.1 43.3 43.3

2 2.83 27.3 50.6 15.2 19.8 30.7 74.0

3 2.80 12,7 63.3 10.8 18,0 10.2 84.2

Tail 2.78 36.7 100.0 5.8 13.5 15.8 100.0

Feed (calc) 2.84 100.0 13,5 100.0
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TABLE 5: 13E ASSEss,rE:;T OF RESULTS FOR CLOSED CIRCUIT
LlXFLO TEST 1\0,5
Feed Rate: 6,5 dry tonnes/h (5.8 tons/h)
Feed Solids Concentration: 52.4% solids weight
Deck Slope: 14°
Slot \,idth: 0.635 cm
Sp. Gr. TBE: 2.95

Product

Cone 1

2

3

Tail

Feed (calc)

Dry Solid l':cight % Ht % Heavv Nin % Heavy Min. Distribution
Sp. Gr. Frnct. Cu:u. Frnct. Cum, Fract, Cum.

3.02 20.3 20.3 28.4 28,4 40.2 40.2

2.87 26.5 46.8 16.1 21,4 29.8 70.0

2.83 10.8 57.6 11,5 19.6 8.7 78.7

2.78 42.4 100.0 7.2 14.3 21,3 100.0

2.86 100.0 14.3 lCO.O

TABLE 6: TBE ASSESS}~~T OF RESULTS FOR OPEN CIRCUIT
LAHFLO TEST NO,6
Feed Rate: 5.7 dry tonnes/h (5,1 tons/h5
Feed Solids Concentration: '52% solids -weight
Deck Slope: 14°
Slot Hidth: . 0.635 cm
Sp. Gr. TBE: 2.90

Product Dry Solids Height %* \,t % Heavy Hinerals % Heavy Minerals
Sp. Gr. Distribution

Bulk Cone 2.90 69.2 21.4 87,9

Tail 2.76 30.8 6,6 12,1

Feed (calc) 2.86 100.0 16,8 100.0

* Calculated by carrying out tonnages' tests on Lamflo products,

""""'00'" I ..".....



TABLE 8: TEI; ASSESSNENT OF RESULTS FOR SPIRAL TESTS
(TESTS 7 to 9)
Rou~her Spiral Feed Concentration: 30% Solids weight
Av Dry Feed Rate: 0.58 tonnes/h
Hash Hater Feed Rate: 3,5 litres/min each spiral
No Spiral Stages: 1 Rougher'

1 Cleaner, cleaner tail recycled
to rougher spiral feed box·

Sp. Gr. TEE: 2,90 .

%Recovery Heavy MineralTest
No.

Product % \'!eight

Feed Orig, Ore

% Ht Heavy
Mineral·, Feed Orig. Ore

7

8

9

10

B. La",.£lo Cone.
Cl. Sp. Cone
Ro. Sp. Tail

B. Lar:tf10 Cone.
Cl. Sp. Cone
Ro. Sp. Tail

B. Lamflo Cone.
Cl. Sp. Cone
Ro. Sp. Tail

B. Lamflo Cone.
Cl. Sp. Cone
Ro. Sp. Tail

100.0
31. 0
69.0.

100.0
SO.4
19.6

100.0
46.6
53.4

100.0
45.1
54.9

69.2
21.4
47.8

69.2
55,6
13,6

69.2
32,2
37,0

69.2
31. 2
38,0

19.0
52.2
4.1

20.0
24.4
2.0

18.8
36.2

3.6

18.4
37,6
2,6

100,0
85,1
14,9

100;0
98,0
2.0,

100.0
89,9
10,1

100.0
92.2

7,8

87.9
74.8
13.1

87.9
86,1
1,8

87,9
79.0
8.9

87.9
81.0

6,9

R'



TABLE 10; ASSAY RESULTS FOR OPEN CIRCUIT SPIRAL CLEANING
TEST NO.8

=
Product Height % Assay Distribution % (Feed)

(Feed)
% ppm T,S, CU Co

T.S, Cu Co

Spiral Cl. Cone 86.1 5.10 0.18 115 96.5 .52.9 96.6

Ro. Spiral Tail 13.9 1.15 0.16 30 3.5 47,1 3.4

Spiral Feed 100.0 .4.55 0.17 105 100,0 100.0 100.0

TABLE 11: ASSAY RESULTS FOR OPEN CIRCUIT SPIRAL CLEANING
TEST NO.9

Product t-ieight % Assay Distribution % (Feed)
(Feed)

% ppm T,S, Cu Co

T. S, Cu Co

Spiral Cl. Cone 46.5 8.75 0.21 180 90.4 61.8 88.5

Ro. Spiral Tail 53.5 0.81 0.13 25 9.6 38.2 11.5

Spiral Feed 100.0 4.50 0.17 105 100.0 100.0 100.0



444034

TABLE I" ASSAY RESULTS FOR OPEN CIRCUIT SPIfv\L CLE,~~ING TEST No,10

Product l{cight %. Assay Distribution % (Feed)
(Fc-:d) % ppm T.S. Cu Co

T ~ S , Cu Co

Spiral Cl. Conc 40.5 9.67 0.19 200 89.1 47.5 8',.2

Ro. Spiral Tail 59,S 0.81 0.14 25 10.9 52,5 15.8

Spiral F""d 100.0 4.4 0.16 95 100,0 100.0 100.0
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