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I BACKGROUND
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Late in 1987 Cottesloe Corporation applied for a retention licence to
cover the northeasterly eight square kilometers of the King River Delta.
At the time the Delta deposit was held under Exploration Licence 2/74 •
thirteen sq km in extent.

In July 1988 an objection to the application was lodged on grounds that
sampling at the Delta might interfere with operations of a recently-formed
company attempting to rear salmon at a hatchery on the eastern shore of
Macquarie Harbour and at another on its southwestern coast. The case was
brought before the Warden's court at Devonport later in the year but
thrown out when the plaintiff's legal representative failed to appear.
The representative met instead with Mines Department officials cOncerned,
requesting imposition of stringent limits on sampling. As these
restraints could seriously hamper field work Cottesloe asked that terms
recommended be modified.

Cottesloe's consultants drew attention to the fact that high densities of
suspended matter occur naturally in Harbour waters over extended periods.
Sediment derives principally from flood discharges of the Gordon and King
Rivers and spreads across the entire Barbour when strong westerly winds
combined with spring tides block outflow from it. Also, poisonous Lyell
tailings which over the last ninety years have accumulated st the King
River mouth are remobilized at such times and then invade and pollute all
reaches of the Harbour. They will continue to do so, if left untouched,
for the next century at least, even if Mt Lyell's dumping is stopped
now.

Dredging the Delta and treating all its sediment as Cottesloe proposes
will remove contaminants and deposit the cleaned material in deep water
away from the river mouth within the span of two decades.

Another deterrent to safe culture of edible fish inside the Harbour is
that mud and silt flooring it are poisonous: they are anoxic and contain
concentrations of heavy metals. Rapid, large variations in salinity of
the bay's surface waters constitute yet another barrier to successful
fish farming within its confines. Because of these factors there are
essentially no natural hatcheries there. The Harbour's resident shell­
fish, too, are rare and stunted.

The Department of Mines adopted modified terms suggested by Cottesloe and
late in February, 1989, Retention Licence 8804 was issued.
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II APPRAISAL
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Cottesloe's last annual report on the King Delta identifies several major
errors in a survey of gold carried out by Planet Resources over that
sector of the deposit generally having its upper surface above water.

Planet's results have since been studied in detail, permitting the
Company's computational mistakes - if not the sampling one - to be
quantified. Examining gold distribution in sectional arrangements of
samples Planet's contractor collected reveals the existence of four
layers: see Figure 1. The four are not represented in every auger hole
because holes vary in position and length, and layers vary in attitude
and degree of continuity. However, the sequence in which layers occur
is constant and the gold grade range of each distinctive.

Layer Y, the uppermost, is encountered in 20 of the 26 holes augered.
Where drilled through, it varies in thickness from 1 to 9 metres,averag­
ing 2.5 metres. Gold content determined by fire assays made for Planet
at Mines Department laboratories in Launceston averages 125 ppb. Material
of this layer is oxidized, partially at least, with iron pan developing
from rusting pyrites at numerous points across the Delta's emergent sur­
face. Subsurface material ascribed to this layer probably was washed off
its former habitat on the dry top and re-deposited underwater at places
preViously representing the Delta face. The face advances seaward as
the Delta grows.

Layer B underlies Y at 12 augering sites and occurs at the surface at 5
others. Where augered it ranges in thickness from a metre inshore to 8
metres or more offshore. Its top lies at a depth of 0 to 10 metres, its
base between 1 and at least 15 metres below sea level. Its average
thickness is 3 metres and its average gold content 78 ppb. Constituent
material is thought to have accumulated under reducing conditions or
under those which, while perhaps oxidising initially, became reducing
when the sediment was buried under younger Deltaic material.

Layer G is made up of variable proportions of sediment from Layer Band
sub-Deltaic material of Layer P. At 9 of the 13 points where penetrated
Layer Gis a bare metre thick. Overall it averages 1.4 metres in thick­
ness. The mixture of components is apparent only, in fact representing
inclusion within each one-metre sample of fractions from the two bracket­
ing Layers, Band P. Knowing grades of adjacent samples from Layers B
and P besides that of the intermediate layer G, the likely ratio of
Layer B to Layer P material can be estimated. At a few sites Layer G
material is thicker than a metre. These are thought to be points at
which, on introduction of Layer B material, sediment of Layer P was
stirred up and mixed and deposited with it. Average grade of Layer G
material is 41 ppb Au.

2



.','ppb Au from TDM fire assay on 100-g cut of each one-metre sample

Figure 1. Sediment layers, King River Delta
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Thick- Au Au Au
Layer Holes Samples ness Area Volume Vxl.15 Range Avg Total

------- ------ ------ ------ ----- -------
m k.m2 Mm3 Mmt ppb ppb Lo.

Deltaic, Y 20 46 2.3 1.25 2.875 3.306 60-220 125.2 13,300

B 17 56 3.3 1.06 3.500 4.025 5-160 77.8 10,000

Intermediate, G 15 21 1.4 0.94 1.313 1.510 20-60 41.0 2,000

Sub-Deltaic, P 12 47 3.9 0.75 2.937 3.378 5-220 6.5 700

Total 26 170 10.8

Layers, Y & B 102 5.6· 1.14*6.375 7.331 23,000

• or less where depth ranges of Y & B overlap

* Mm3/m

I
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Table 1. Deltaic and sub-Deltaic Layers
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Layer P comprises King River sediment plus minor quantities of Macquarie
Harbour silt laid down beneath the Delta prior to arrival and deposition
of Mt Lyell's tailings, spoil which makes up the bulk of the Delta.
Twelve auger holes reached Layer P, extending 1 to 7 or an average 3.9
metres into it. Most of these holes lie inshore, north and south of the
King River's present channel across the Delta. Grade in 42 of the 47
samples collected from this layer lies below 10 ppb Au, minimum detection
limit of the analytical method used. The remaining 5 samples contain
between 10 and 30 ppb Au, levels presumably produced by occurrence of
isolated fine flakes of the metal derived naturally from concentrations
in the King River catchment. Before lower reaches of this river system
were clogged by Lyell spoil and the Delta it formed, discharge velocity
through the gorge backing the mouth of the King would have been too high
to permit anything but a trace of such fine-grained gold to settle and be
incorporated into Layer P. Assuming grade of Layer P samples assaying
<10 ppb Au to be at or slightly above the crustal average of 4 or 5 ppb
Au, content of Layer P material becomes approximately 6.5 ppb Au.

Table 1 summarizes information above concerning the four layers. It
includes other data, derived fro~"Figure 1.

Variation or lack of it areally across the main Deltaic layers, Y and B,
is' under study. Results concerning Layer Yare available and may be
summarised as follows.

Thickness The layer is about 2 metres thick in both NNE and SSW halves of
that part of the Delta augered by Planet's contractor. From inshore to
offshore the layer thickens though: in the ESE half it averages 1.1 metres
in thickness, in the WNW half 3.3 metres.

Grade Gold content, likewise, varies only slightly parallel to shore,
being roughly 125 ppb in northern and southern halves of the Delta's
augered sector. In the other direction it does change.: it is a bit below
average offshore and approximately 150 ppb inshore, an increase of some
25%.

Examining the vertical distribution of gold in Layers Y and B shows that
- apart from minor inconsistencies - grade in each falls from the surface
through the 6th metre of depth. Between 6 and 9 metres trend is indeter­
minate,with Layer Y registering gain and Layer B loss. From 10 metres
through 15 grade in Layer B rises, generally. Layer Y is not represented
over that interval. Relevant figures appear at table 2.

Grade variations observed appear to be part artificial, part real. Drops
probably result from progressive loss of auriferous and certain other
particles when sample was extracted from auger holes. A sludge pump is
said to have been used. Such losses should have risen as the amount of
pumping needed to recover samples from progressively greater depth
increased. In this context note that the fall in grade evident in both
Layer Y and Layer B samples over the first six metr~s is an identical 31%.
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1 120 130 88

2 101 126 78

3 88 116 69

4 93 135 69

5 79 103 67

6 73 90 61

Table 2. Ver~i¢aLdistributionof gold, King River Delta.·

• inshore fifteenth of-De1ta's totsl mass
* grade from 15 m to deepest point at 32 m unknown
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The opposite trend, an irregular increase encountered below 6 metres,
we think reflects genuinely higher levels of gold present in older
horizons of .the Delta. This sediment accumulated when Mt. Lyell's gold
recovery circuits were less efficient and spoil consequently contained
more of the element. Additionally, grade9 of ore mined by Lyell in the
early days are likely to have been higher.

If the deeper samples have indeed suffered maximum pumping losses, true
grade increases at depth may be substantially larger than those shown
in Table

One way, albeit indirect, of .estimating the extent of losses inferred
here is to compare copper contents of individual Planet holes with those
of nearby holes drilled by Cities Service. Individually, Cities'holes
appear to display little or no vertical grade change, either positive or
negative.

Gold grade from the lower limit of Planet's augering at 15 metres to the
deepest parts of the Delta Cities found, 32 metres,. remains wholly
unknown. In light of considerations above however, and the fact that
at 15 metres Planet's grade again has attained the average of all their
surface samples it is probable that the Delta's lovermost 17 metres of
sediment contain at least as much gold as overlying parts.

Cottesloe has emphasized elsewhere that Delta goldcsrades remain minor
in absolute terms, far too low to constitute an attractive target alone.
As a potential byproduct though, largely recoverable in proeessing the
deposit's sulphide for its sulphur, iron and copper, the gold is valuable.

Within a minimum 100,000,000 mt of Delta sediment available for treatment
the total quantity of gold present is large - even at the low concentra­
tions reported above.

Little would be recoverable if it were evenly disttibuted throughout all
. mineral components of the sediment; but it appears most present in

Planet's samples is associated With a sulphide fraction. As the latter
is readily separable by inexpensive gravity means recovery of much of the
gold is feasible. Such sulphide concentrate should average about 1.8
glt Au.

\

Probably most of the Delta'sgald occurs as exsolved blebs in chalcopyrite,
.reputedly its principal mode of occurrence at Mt Lyell. Such associa­
tion would account for the rise in gold grade towards the Delta's eastern
shore, essentially the same distribution pattern as that evinced by the
deposit's copper.

In addition to pumping away gold in the smaller sulphide grains Planet's
sample recovery methOd appears to have washed out many particles of free
gold. Those of the Delta are believed to be fine-srained and flattened,

7
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thus slow to settle. Where sample is pumped up and the water decanted
these flakes would be highly prone to loss. Removal of much of the free
gold during Planet's sampling may explain, in part at least, why their
gold grades are so far belowthose reported previously by Elisna Pty Ltd.
Elisna's samples were retrieved whole. These latter are surficial only.
Nevertheless, inshore representatives contain over 60% more gold than
Planet's samples from the uppermost metre of the same sector - some 210
ppb Au vs. 130 ppb.

For the whole mass of the Delta augered Planet puts gold grade at about
70 ppb, approximately 40% below the content calculable by combining the
figures that Cottesloe derives above for the twO Deltaic layers. This
difference results from Planet's failure to exclude from grade calcula­
tions barren material underlying the deposit. For each auger hole Planet
had a fraction of every sample collected from it combined to form a
composite. Planet's Delta average is derived from the grade of each of
the 26 composites, yet over 80: of sample matter recovered from some
auger holes represents sub-Deltaic sediment, essentially devoid of
mineral concentrations of value. A third of Planet's holes terminate in
Deltaic material, the restcontinue for varying distances into barren
sand beneath the Delta. In total, 33.8% of all sample retrieved and
aiO'yed consists of such underlying, nOn-Deltaic material.

Wi~ the incorrect grades obtained from many of the auger holes Planet
thtn compounded error by producing inaccurate, &isleading grade contours.
Mal) were drawn shOWing contours for copper and barium distribution as
we~ as those for gold: see Figure 3.

N~ of the resultant distribution patterns is valid. Broadly speaking
th89 show grades of all three elements increasing towards the King
River's present channel across the Delta, and lower contents in emergent
flats to the north and south.

f .()~~~~~se apparent grade changes really reflect are the differing pro-
J. pdt(rb~ of barren sub-Deltaic material included in sediment augered at

various sites. As inshore sectors of the Delta bracketing the King's
main channel are thin, holes augered in these sectors contain high per­
centages of barren, sub-Deltaic sediment and the sectors therefore seem
impoverished in gold and other valuable components. Holes near the
channel were augered exclusively or mostly in Delta material proper and
thus exhibit grades which - pumping losses aside - are correct, or closer
to being so.

Real changes of grade generally trend east/west or thereabouts, practi­
cally at right angles to the direction Planet claims. Besides eastward ­
that is, shoreward - increase of gold described earlier in this report
and detected previously by Elisna Pty Ltd, similar changes were found by
Cities· Service,affectingcopper and other metals. Cities' plot of copper

9



Fi.ure 3. Copper .rade, Kin. River Delta, Tasmania
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distribution, based on several hund,ed assays representing scores of
drillholes, appears in Cottesloe's RL application report and is repro­
duced here as Figure 4.

Planet's survey was conducted conacientiously, both by its own junior
staff and the contractors'. It is a pity it was marred, within each
organization - apparently by inadequate direction. If senior officers
had visited the Delta an6 supervised field operations and subsequent
office studies more closelY,mistakes in aampling procedure and in grade
calculations and interpretation could have been avoided.

11
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III TESTING
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Work in progress is designed to show where and to what extent the Delta's
sulphur, iron. copper, cobalt, gold and barium are concentrated. The
second objective is to determine how best to upgrade and extract them.

Between 1974 and 1986 numerous studies of this nature were made. How­
ever, it now emerges that Cities Service' bulk sample, the material
examined in nearly all those studies, is far from representative of the
Delta. Instead of being composed of cuts of each two-metre sample from
every hole they drilled there, as Cities planned, the bulk sample proves
to have come from a single pit dug in the uppermost metre of the Delta's
dry surface. Material from this layer is exidised, thus substantially
different from most sediment of the Delta. Within the deposit, reducing
conditions prevail. In addition, the bulk sample site lies close to the
river mouth,so sediment collected at it is considerably coarser than the
Delta average. Wind and periodic flooding have heightened this second
difference by removing much of that finer-grained material which did
occur at the site. Such skewing adversely sffects results of many past
tests. those concerning percentsges of useful components which can be
concentrated successfully at low cost by mechanical methods. to give an
instance. In the comparatively coarse material tested previously, copper
sulphides, for example, are largely locked. The fairly well-liberated
particles of these minerals, being smaller, occur in finer-grained
sediment offshore, and below the Delta surface .- particularly in its
thickest, volumetrically most significant zone some distance beyond the
river mouth.

Cities assays of every dri11ho1e sample they collected do provide a
reliable picture of De1ta-wide distribution and thus overall grade of
each of the six elements investigated, Cu, Pb, Zn. Co, Mo & Ag. But
those results bear little on questions of mineralogy and extractability.
Nor, as indicated, do they cover gold, an element since found to be
concentrated in all Delta sediment examined so far.

These considerations underlie the need to re-run and expand many of the
earlier tests, now using material available from Planet's auger holes.
Because of pumping losses referred to in preceding pages this sample,
also, is imperfect. Still, it appears genUinely Deltaic fractions of
it represent reasonably well all but the finest-grained components of
the inshore fifteenth of the deposit's total sediment mass.

Sample preparation

Nearly all the estimated 2.3 mt sediment retrieved from holes sunk in the
King Delta by Planet Resources' Melbourne contractors was lodged at
Mines Department laboratories in Launceston. Missing fractions of the

12



original total comprise small q~antities of each sample or composite
abstracted for chemical analysis. When Planet withdrew from the project
Cottesloe Corporation inherited the sample material.

After evaluating Planet data as described in Section II of this report
Cottesloe arranged for parts of all samples to be retained, parts of
some to be discarded,and fractions of many to be mixed to provide the
following.

1. Reference set: this comprises a 200-g portion of every successive
metre or, where less was penetrated, part metre of sediment
recovered from each auger hole. In a few 'cases material repre­
senting a single metre or part of it consists of two or more
samples mixed. The field and corresponding lab numbers of the
168 specimens forming this reference collection appear in
Appendix Designations Y, B, G or P in the list indicate
the category of Delta material to which Cottesloe has assigned
each sample.

2. Composite KDY consists of 400-g portions of the
representing the Delta's uppermost or Y layer.
material have been prepared.

50 samples
Twenty kg of this

3. Composite KDB consists of 400-g portions of all 53 samples
representing the Delta's main layer, that commonly bracketed by
Y and G layers. After mixing, 20 kg of this material was set
aside for tests. The remaining 3 kg were discarded.

4. Composite KDG consists of 400-g portions of all 21 samples
representing the Delta's basal or G layer. Each of these samples
contains Delta and s~b-Delta material, tba ratio of which varies
from one sample to another. Five kilograms of this material has
been retained.

5. Composite KDP consists of 400-g portions of all 44 samples
representing sub-Delta material. Five kilograms of it are being
held.

6. Composite KDS is made up of whatever fraction remained of each
of the 50 Y-layer samples after 200-g and 400-g portions were
abstracted. It appears there were s~bstantial quantities of some
components of KDS, medium to small amo~nt. of others, and nothing
remaining in the case of a few. The weight of each component of
KDS has been recorded.

13
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Tests
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Experiments ,are under way on cuts of KOY and KOB. Composites KOG and
KOP in representing levels at which natural concentrations of useful
components peter out are of scant interest but, are being retained in
case checks should be needed later. Composite KOS is held in reaerve:
it may be drawn upon for future tests requiring bulk ssmple or, for
example, as a source from which to prepare several kilograms of sulphide
concentrate.

Concentrations of S, Fe, Cu, Co, Au and Ba are being determined in KOY
and KOB and in fifteen sUb-samples derived from them. Four sub-samples
of each composite represent products of si~ing at 180, 75, and 10
microns, two the high- and low-density fractions resulting from a TBE
separation, three more the tail, mid snd con fractions derived by
tabling, two the buoyant and non-buoyant products of sulphide flota­
tion, a pair the liquor and residue of a cyanide leach, and a couple
more the same products of a thiourea leach. Besides separations speci~

fied the progrsmme involves some 150 chemical analyses.

Work is being conducted at Mines Department laboratories in Launceston
and is expected to be completed early in 1990.

14
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. IV TECHNOLOGY
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More information was collected on the three principal methods, identified
last year, possibly applicable in producing elemental sulphur from King
Delta pyritic concentrate. They are the Noranda, Orkla and Outokumpu.
Each has seen use at commercial scale.

The Noranda process which until the present inventigation ranked as a
candidate proves not to warrant further consideration. It was used from
1954 to 1959 by Noranda Mines' Sulphur-Iron Division in plant near Port
Robinson, Ontario, but encountered problems and remained uneconomic.
Only a fifth of the total sulphur in pyrite was recovered in elemental
state and this material was·frequently contaminated by trace metals. It
is said that the co-product, ferruginous sinter, generally was of saleable
quality (personal communication, Noranda Minerals).

The second method above was developed and used successfully by Orkla
Grube-Aktiebolag at Thamshavn, western Norway, from 1931 onwards to
treat cuprous pyrite mined at L~kken, close by. Operations ceased in
1962 when reserves at Lokken - under continuous exploitation for several
centuries, primarily as a copper sOurce - finally ran out. The Orkla
facility could handle up to 330,000 mt annually and for many years was
yielding between 80,000 and llS,OOO mt elemental sulphur per annum. The
furnace charge requires, besides pyrite, about 12% quartz, 10% coke and
2% limestone. The process recovers approximately 85% of total sulphur in
the ore, and a like percentage of its total copper. Steam from waste­
heat boilers permits co-generation of electric power. The iron component
of pyrite is converted to a silicate, of no commercial value. The process
is outlined in an article reproduced at Appendix B.

Orkla Grube-AB held rights to the process. We have not established yet
if those entered the public domain when Orkla Grube disbanded, or if they
are vested in a successor or other entity. Orkla Exolon SA of Orkanger,
near Lokken, possibly retains title to them.

The third candidate method. that devised and employed profitably by
Outokumpu 01, is des~r~bed in two additional articles attached at
AppendiX B. Outokumpu used the process at its Kokkola plant to handle
a pyritic flotation concentrate produced from complex sulphides mined
nearby at Pyhisalmi in central Finland. The process yields elemental
sulphur. sulphur dioxide gas, clean high-grade iron cinder (67% Fe, 0.3% S)
and steam to drive turbines, thence generators, for power production.
Recovery of elemental sulphur amounts of 47% of the sulphur content of
pyrite processed.

15
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The Kokkola plant ran for about fifteen years, following start-up in 1962.
It yielded some 1,355,000 mt sulphur, and 3,765,000 mt iron cinder (ratio,
1,2.78). The smelter ultimately had a charge capacity of 480,000 mtpa
and at p~ak ·operation in 1968 produced 125,000 tons of sulphur. Produc­
tion of this elemental form was stopped in 1977 because of rising
availability of relatively low-cost Polish brimstone.

Kokkola production figures appear in Table 3, together with those
depicting the final seven years of Orkla Grube's Norwegian output.

Rights to the Outokumpu process outside Finland were held by the Lummus
Company and presumably passed toCE-Lummus when Combustion Engineering
and Lummus joined forces.

At this stage it is too early to say which of the two Scandinavian meth­
ods referred to in preceding paregraphs would prQVe superior in treating
King Delta 9yrite, though superficially the Outo~mpu appears best. If
100 mt Pyhisalmi pyrite concentrate were processed by the Orkla method,
value of sulphur obtained at the stated recOvery rate of 84% and a sulphur
price of US$125/mt, landed, would be approximatelY $5,300. Employing the
Outokumpu method with its 47% sulphur recovery rate and output of 2.78
times as much iron calcine as sulphur generated - the average ratio for
fifteen years' production _.. amounts of these two products deriving from
an equivalent furnace charge of 100 mt would be Worth $5,750, that is,
8 1/2% more than the figure resulting from use of the Orkla process.
The Outokumpu method yields S02 as well, containing 94% as much sulphur
as that produced in elemental form.

We lack details concerning power output associated with the Orkla process
SO are unable to compare it with the rated 42 megawatts the Outokumpu
plant could generate, running at full capacity. Nor have we yet been
able to determine relative costs of reagents consumed at Lokken and
Kokkola, though, per unit, silica, coke and limestone of the Norwegian
process are likely to be cheaper in Tasmania than fuel oil required by
the Finnish one.

The Outokumpu method is the more suitable technically because it is
designed to handle small particles of pyrite, like those of the King
Delta, rather than lump pyrite with which Orkla'$ furnaces were charged.

For fuller evaluation of respective merits of the two processes and for
rough estimates of likely construction and running costs each may involve
our data have seen turned over to industrial che.ists associated with a
major European plant constructor.

Papers of the third set included at APpendix B describe a cobalt recovery
system developed at Noranda Hines' research centre for possible applica­
tion in treatment of ore from a deposit at Blackbird, Idaho, to which the
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Table 3. Production of sulphur from pyrites at two Scandinavian plants

Year
Outokumpu1 : Finland

Elemental Sulphur Iron Cinder
1 mg tons tons

Year3
Ork1a2: Norway

Elemental Sulphur
tons

1962 5,630 3,645 1956 95,382

1963 38,214 152,301 1957 95,149

1964 68,139 204,276 1958 89,126

1965 73,771 227,087 1959 77,111

1966 73,641 324,364 1960 71,254

1967 101,413 229,480 1961 61,156

1968 125,249 340,748 1962 45,175

1969 111,841 296,094 1963 0

1970 114,822 274,801

1971 101,456 214,979

1972 119,221 279,094

1973 122,715 164,348

1974 99,589 235,517

1975 84,409 280,145

1976 85,730 328,365

1977 29,126 140,064

1Source: Personal communication,

2Source: Personal communication,
Minerals, 30-1-89

3Fina1 seven years

Outokumpu Metallurgy, 1-VI-89,
US Bu Mines, Branch of Industrial

17
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company then held title. We procured the information as Blackbird ore
is a cobaltiferous pyrite and thus in one sense akin to sulphide of the
King Delta. The latter, pyrite chiefly, assays about 0.1% Co only,
however, against the 0.7% Co of Blackbird's sulphide. Some reagents of
this Noranda system such as hydrogen sulphide arid sulphuric acid
possibly could be obtained from Delta pyrite destined for elemental
sulphur production by diverting a fraction of it to Klaus plant.

The fourth excerpt at Appendix B discusses recovery of cobalt from
copper leach solutions. The method may find use should it be decided to
treat Delta sulphide by hydrometallurgical means.

Information concerning the five processes above has been obtained through
or from the following: US Geological Survey; Idaho Geological Survey;
Noranda Ltd; Norwegian Consulate, New York; Norwegian Trade Commission,
Washington, DC; Orkla Exolon SA; Norwegian Geological Survey; Finnish
Embassy's Office of Science and Teehnology; Mines Department, Helsinki;
Outokumpu Oy; SA Chemical Institute.

18
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To assess the full potential of sulphur produceable from· King Delta
pyrites Cottesloe Corporation is investigating output, export and import
of the commodity and its derivatives by Australia and neighbouring
countries.

The Commonwealth imports between 350,000 and 550,000 tonnes elemental
sulphur each year: all but 1% comes from Canada. Canadian sulphur is
produced from natural gas high in hydrogen sulphide. The fields yielding
this sour gas lie in Alberta.

Australia buys Canadian sulphur from four oil companies there. Of the
534,000 tonnes shipped to the Nation in 1988 Shell supplied 28%,
Cansulex 27%, Petrosul 26% and Mobil 20%.

Principal importers are

The Phosphate Co-operative Australia Ltd
350 Bourke St Melbourne Victoria 3000

Incitec Ltd
PO Box 140 Morningside Queensland 4170

Adelaide and Wallaroo Fertiliser Ltd
25 Peel St Adelaide South Australia 5000

CPSB and Farmers Ltd
133 St Georges Terrace Perth Western Australia 6000

Imported material accounts for some 60% of the Commonwealth's yearly
sulphur consumption.

Nearly all of the other 40% is obtained in the form of sulphuric acid
produced at plants treating domestically-mined sulphides of zinc and of
lead. The remainder is produced ss elemental sulphur, in refining
imported crude oil. Twenty plsnts produce sulphuric acid, and six others
recover sulphur at oil refineries. Seventeen of the twenty-six are
situated in southeastern Austrslia with six in New South Wales, five in
South Australia, four in Victoria, two at Brisbane in Queensland and one
in Tasmania. Refiners involved are Amoco, Shell, Australian Oil
Refiners, and Petroleum Refineries Pty Ltd.

Ninety-five percent of the sulphur Australia uses is turned into sulphuric
scid. Approximately 1,800,000 monotonnes are produced per year. The
sulphur component comprises 32.6% of this total. Roughly two-thirds of
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acid is employed in fertiliser manufacture, the rest in making other
chemicals, refining petroleum, mining and processive metals, and in pro­
ducing plastics, paint, rubber, paper, soap, poisons, and medicine.

Sulphuric acid also is imported, from Japan. However, the quantity never
has reached 2% of Australia's annual requirement and is unlikely to
increase. Sulphur in elemental for=is far easier to handle and trans­
port than acid, and on a weight basis over three times as economical.

Saudi Arabia and Iran each produce sulphur in quantity but are as distant
from SE Australia as Vancouver, the port from which the Nations present
supplies. of this substance are shipped. There are no closer sources.

Cottes10e's infor=ation on sulphur has been obtatned from the US Bureau
of Mines; Thoe.Su1phur Institute, Washington, DC; Shell CompanY of Canada;
Cansu1ex, Vancouver BC; NZ Statistics; NZ B9ard of Trade; BMR and
Australian Bureau of Statistics, Canberra.
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Both Orkla and Outokumpu methods of producing elemental sulphur
pyrites were used commercially in Scandinavia, as we have said.
tant production met significant proportions of western Europe's
demand.

from
Resul­

sulphur

The 31- and IS-year operational lives of the two sulphur-extraction
plants concerned and the fact that some years after start-up the capacity
of'each was expsnded testify to their profitability.

Cottesloe's research indicates that for Australia, New Zealand and most
countries in the Far East, all far removed from sources of native
sulphur and of elemental sulphur derived cheaply from natural gas,
application of either the Orkla or Outokumpu process would be economic
today, especially when savings in shipping costs are taken into account.
Freight charges and associated insurance raise the price which Australia
and New Zealand pay for Canadian sulphur 26 to 28%. The latter two
nations and several Asian ones importing sulphur all have negative trade
balances, another consideration favouring domestic production of sulphur
over its purchase abroad.

A number of the countries, Australis particularly, have adequate feed­
stock for such plants in the form of pyritic waste from base metal mining
and processing.

At present this resource is under-utilised.

Some pyritic sulphur is used, being converted to sulphuric acid: but
difficulties and hazards of conveying the chemical long distances to
consumers from the logical production points at or near sulphide mines
and smelters restricts the amount worth generating.

Producing elemental sulphur instead of acid would largely overcome the
problem and is feasible at sites such as the King River Delta where
pyritic tailings are abundant and can be concentrated fast, inexpensively.

Cottesloe has collected relevant commodity prices in effect when the Orkla
and later the Outokumpu plants were running. Comparing those figures with
corresponding prices of recent date shows that increases in fuel cost have
remained essentially in balance with increases in value of sulphur and
likely co-products. Results are tabulated below. Data were obtained from
U.S. Departments of Energy and of the Interior: see Appendix C.
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Table 4. Prices of sulphur and other cOllUDodit ies in 1958, 1968 & 1988.

Year Sulphur Iron Oxide Copper Cobalt Gold Oil
US$!lt US$/lt US¢/lb US¢/l" US$/to US$/bb1

1958 23.00 11. 701960 26.31 2.00 35.00 3.01

1968 39.00 11. 051970 41.17 1.85 39.66 2.94

1988 85.95 32.531987 120.51 7.491987 438.31 12.57

change x 1958 figure

1968 1.56 0.94 1.56 0.93 1.13 0.98

1988 3.74 2.78 4.58 3.75 12.52 4.18

In avoiding trans-Pacific freight charges and associated insurance costs
elemental sulphur produced from pyrite in Australia could be sold at a
price 14 to 15% above that of North American sour gas and Frasch sulphur
yet still save local buyers 12 to 13% of the amount they otherwise would
have paid. And Australia's foreign spending would be cut by A$70,OOO,OOO
to $100,000,000 each year.

The King Delta deposit alone could yield some 1,250,000 mt sulphur. At
a 20-year mining rate this is s~fficient to meet 11 to 18% of the amount
imported aDllually in recent y.ur.. A central West Coast plant drawing
on pyrit~c tailings from other Tasmanian sulphide mines probably could
produce twice as much, reducinl the Commonwealth'e present import of
sulphur by a fifth to a third.
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Testwork

Nature and extent of additional lab studies needed will be determined
once results of those in progress are received.

Two recently-developed means of producing concentrate perhaps worth
testing are the Kelsey separator, and the K-process, a chemical tech­
nique. The former is a type of jig-cum-table, allegedly superior to
existing equipment in recovering fine-grained gold and other minerals.
The K-process uses a bromine-base reagent to leach gold. Unlike cyanide
this reagent is not poisonous thus not an environmental or other hazard.
In some applications it is said to have cost advantages over cysnide.

Currently Cottesloe is looking into the possibility of having small
quantities of sulphide concentrate from the Delta flash-smelted by an
overSeas group which developed a high-temperature furnace and operates
a bench-scale version of it.

If more sulphide concentrate is required a dozen new holes may be drilled
at the Delta to provide raw material. Ideally, holea should be bored
with a vibrocorer. Details of one available in Australia appear at
Appendix D. Maximum core length retrievable with this apparatus is only
6 metres: however there is seldom any core loss so re-sampling Planet's
auger holes Numbers 5, 6, 13, 14, 17 and 20 with such equipment would
allow amounts of gold Planet washed away to be determined. The extent
of similar losses from the uppermost 6 metres of Planet's holes 15, 16
and 19 also could be established.

Sinking a few vibrocorer holes into the Delta face would allow subsurface
distribution of gold in upper parts of that zone, also, to be studied.
As mentioned elsewhere Elisna's gold samplin8 of the Delta, exposed and
submerged, was surficial, and Cities' samples - though from holes pene­
trating the deposit fully - were not analysed for gold.

Participation

Following withdrawal of an Australian company which had contracted to
join in, Cottealoe is actively seeking a partner with the technical skills
and market position needed in developing the King Delta deposit. Several
agents have been appointed to assist the Corporation in this renewed hunt.

A North American oil and gas group was located wishing to secure an
option, but after investigation was judged to lack the necessary capital.
Two other companies declined to participate. Talks with a couple more
are under way.
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Three categories of company are of special interest. Chief are companies

importing elemental sulphur
producing elemental sulphur domestically
smelting sulphides, particularly those currently generating by­
product sulphuric acid

Another target category comprises certain Australian and overseas organi­
zations mining alluvial deposits: they have extractive skills and concen­
trator capability applicable to the Delta. Several such companies
notably those dredging tin in SE Asia - have suitable equipment too,
some now idle.

At general level groups already endeavouring to find large mineral
deposits in Tasmania are of interest, especially those searching for
copper and gold.

SRMH 2/90

24



026

506028



027
. (.~ l ') .•

..~ L-o'

Auger hole samples, King River Delta
S06029

ToM Register No Planet Resources Description

861920 y KDA 001

861921 r;... KDA 002

861922 Y KDA 003

861923 ~ KDA 004

861924 G- KDA 005

861925 Y KDA 006

861926 ~ KDA 007

861927 G- KDA 008

861928 KDA 009

861929 KDA 010

861930 KDA 011

861931 KDA 012

861932 KDA 013

861933 Y KDA 014

861934 Gr- KDA 015

861935 I KDA 016

861936 KDA 017

861937 KDA 018

861938 >' KDA 019

861939 Y KDA 020-'--

AI
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028 861940 Y KOA 021

861941 Y KCA 022

861942 )' KOA 023 & KCA 024 Composite

861943 y KOA 025.
861944 e- KCA 026

861945 G- XCA 027

861946 0- XOA 028

861947 G- KOA 029

861948 cr XCA 030
861949 t KCA OJ!
861950 XCA 032
861951 Y KOA 033
861952 c;. KCA 034

861953 XCA 035

861954 KOA 036

8li19~5 KDA 037

8619 56 KDA 038

861957 KDA 039 & KDA 040 Composite

i.
,.

861958 XDA 041

861959

"""
KDA 042

861960 KDA 043

861961 XDA 044

861962 KDA 045...._-
861963 KDA 046

861964 KDA 047

861965 & KDA 048

861966 Go XDA 049

961967 KDA 05~. __. ..
861968 KDA 051

861969 XDA 052

861970 KDA 053

861971 KDA 054

861972 KDA 055.
861973 XDA 056

861974 • KDA 057

861975 Go- XDA 058

861976 I KOA 059

861977 KDA 060
--~ _.-

A2
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861978 f KOA 061

861979 KOA 062

861980 • KOA 063

861981 Y KOA 064

861982 !. KOA 065-- -
861983 ~ KOA 066

861984 g. KOA 067, KOA 068, KOA069 , KOA 070
~ -_._._. Composite

861985 y KOA 071

861986 '!!. KDA 072

861987 B KOA 073 , KOA 074 Composite
861988 >' KOA 075
861989 Y KOA 076

861990 B KOA 077
861991 ... KDA 078
86.1992 '& KDA 079

861993 B KDA O~_O

861994 8 KDA 081

861995 f KOA 082, KOA 083, '-KOA 084 Composite
861996 'y KDA 085

!l -----,
861997 IIDA 086

861998 g RDA 087

861999 'B KOA 088

862000 B. KOA 089

862001 >' ROA 090

862002 Y KOA 091
~t(rY862003 y KOA 094

862004 Y KOA 095.
862005 Y KDA 096

862006 y ROA 097 90r862007 E KOA 100 ;J~ ~

862008 S- ROA 101

862009 a KOA 102 , KOA 103 Composite

862010 y KOA 104

862011 'Y KOA 105

862612 y KOA 106

862013 V KOA 107

'862014 Y ROA 108 , KOA 109 Composite

A3
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506033862052 V-- KDA 173

862053 Y !tDA 174

862054 'y !tDA 175

[
.

862055 !tDA 176

862056 !tDA 177

862057 :!. !tDA 178

862058 Go- !tDA 179

862059

~
KDA 180--_.

862060 !tDA 181

862061 . , KDA 182

862062 ~ KDA 183

862063 >' !tDA 184

862064 B. !tDA 185,
862065 .C:r- KDA 186

862066
,

!tDA 187
~

862067

~
KDA 188

862068 KDA 189

862069 KDA 190
0·· _

862070 ~ KDA 191

862071 ~ KDA 192

862072 ~ KDA 193

862073 3 KDA 194

862074 ~ KDA 195 , KDA 196 Composite,
862075 ~~ KDA 197

862076 c;... KDA 198

862077 G- KDA 199 , KDA 200 Composite..

872078 l' KDA 201

862079 B KDA 202, KDA 203 , KDA 204 Composite../
861400 Y KDA 92

861401 Y KDA 93 ,
' .. ;..t.q . ~

861402 Y KDA 98

861403 50 KDA 99
/

861405 ~ KDA 120

861406 Y KDA 131 I861407 Y KDA 132

J
l-u.. ~'

861408 'y KDA 151

861409 Y KDA 152

AS
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Tables of Metll1lurgical Dllla for Orkla S~clt1ng Process

Table I. Composition of Furnace Charge
and Inter~ediat.Products
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··'C..a" mlUe 4, St. 11 .55 S.OO .. 00
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Rlch matte .... __ .. I I.' 37.44 .. .. •..
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Table II. Exit Gases
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FLOW DlA.GRAM of "",,,.nt.l.ul,hur
ACO""" II th. KMitol••m.h.,. Th.
ft.MIN,. t.""" procen., ••. 'oM'WI:

I. ~"._"'I".' :.
cON......

2. COtnhltlOf'l .Ir preh••ler.

1. fI..h ,,...111,,, fur"•• (r••etlO"
N•• II.

•. w........ !MIl';.
5. EI.ctrodatlcclutt "oclpll".r.
.. G.......-.
7. c.a.t,•., He. I (,..cO... H•. 2).

'0 C•• e'-.'0 e.I."•., No. II (reMtion Ho. I).
10. Sulpltur HnlIli......
11. LtCllaW .vt,hur h~dtlnl .,...

coob,..
12. Ar,docl...... for .".rHC r.Mo .
13. Sulpttw "to!", .an" .tor.,. low .
14. LIqoId ..Ioh.......
1S. en ",v"-.
16. M,tt, .reft.I.....

08

I "
I I'·..
~~
a

z

OUTOKUMPU adds second catalyzer to raise

lIy 00..... O. A..... Jr.
Edl,or

,
0:
to

''''•

....cWII _ _ of ...

..... ~vi ...., .-I the' 'rho••Coml

...... -.-. .. "'I.. ' ....

\I

W ith tho.-.olo&, hihlpp .....1llI
for d a-loI tI!!phur oIllI tho

curNntIy hIpor ... (127.00·'3t.OO
per CiiIf Oout,-. UnI1ed
Stouo, 147.00 per .... In~
no¥la),~ OJ'. - pyrllo
to .h ' · pooea II 01- ........OIIlokwnpuo, 1llI'.......
noWDc "-1h!rJk:oI ....,
oIllI -V..... III ..,..."..\.
.....................,...011 ....
opontool III &o¥oIo .....,. -.
Allplll'"1100 ...................._ ...
... 1\1 • 1I.11L '1MhnIcoIIy oIllI
f1aondolly. D-lpod oIllI lIIIlIt ,.
fumoce .,000 per ,..
01 P7JiIe n.-__. 'ood
copocliy II _ 480.000 .M1111 _
with aaly ...., ...... modlllco_
to oripol~ oIllI Uttlo ....
dillon 01 now oquJpmenl. E.... mor.
lmportont hU '-" tho lncr_ lD

Wbtot II tho K I t
. FIoth ....111.. 01 480,000 t_ ....
'OIl 01 Pl'rl" fIot.tlon _, 0

WORLD MINING MQrch 1967
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. ~'.~ +SOi .. v.s. + 2«:0.
cos + 1'1.0 = HaS + Co.

"I.e '·'"••e

I
I

iJyrite-to-sulpbur conversion to 91 percent

I (50.5 poRlODt S) to prad-. wIdl
other~ ittI'":

• 1. 113,500 10... 01 lIlIphur 1ft
Iorln of prills or lIquhl .,.Jphur
(99,99 perUnI 5).

• 2. 107.000...........J!ar 01 ....•
pbur In so, pi (-.2 pecenl
iulphllr dlcPlillit In pi).

• 3.325,000 toni of coarse."'"
oaIde~lcIne (67.0~fe
•nd 0.3 .....cent S) wIIfdi Is
•old ... high .rod. "'on ItIosl
furnac. '"".

• 4. ConUn..- • ..., In the
lorm 01 procell .\oem which
....r.l.. 42 megaw" (nom·
lnal) 01 .Ieclrlclly.

While elemontol lU1phur I. tho
key P'oduet 01 .meIt1a., tho _

1967 March WOILD MINING

psoduolI make tho opontioD_.
dally Ioui1IIo. For ..' pie. tho oloc­
triall onpo- _101._ tho _It.
er I ~ oIootrIc.... power plont
bunsiDJ' JIfdle.' Ud Iuakor C 011 to
produce oloctalolty. with byprocI.­::r:r. IU1phoulc odd, oacl IJoD

Kokbhfl Marht .........n'-
It _ 100 -"orod t1Iot lbil

IJIIO!tor .... budt· to mako profIl oul
oH cIqeolt which ....
oI1oooYaocI bj' 00sI0l0unpa". •....
1111'" 1010 1188 _Pyhloo\ail, __
troI F1DIoad, 10 1lii1oi out of JCak.
kolo. n..o1op-t __ lncIlcoted
17,000.0lIO _ -rIDe 0.85 porcenl
copper, U line, 33.0 ...... one! 37.0
poRlODl 'suIphar.

Under thothon P'...Wn. <opper
.nd ..... priooIlt wOuld _ ........
IIOty 10 .tori.. _.uo lrom Fo ond
5 (pyrite) -.toni If tho doposil WII

10 bocomo oro. Dl>'oel .... 10 Ell....

Cc.~..:=r to -
Outoklapu', ......n"'..... _re de­

voIoptnJ: p" I ... for pyrllo -lth tho
....r of p.oduoIoc ..f.bIe sulphur
end IJoD dndon. no proooa ....
do¥OlopocI end prooed 1ft 1981. In I

1.0 Ion poe hour plIat pIoIIl II PorI.
FInIond.

The c.....dal lImelter \flU bWJt
_ KDI:1co\o, Ilkly c1oIo to Ibo
pyrite cIepooll, __01 pulp mllIo
lhot won Imposlln. oIemonlal lUI­
p/wor, 1001 15 mI10I -'II of tho trOD

bIut t.t- of fIoularwkkl Coso­
J'IDY ot 1100100. 11dI eompony buy.
tho KoItkoIo IJoD dl>don for fwuce
toed.

EloclIte power .... irnmodlaloly
..o1ablo II I pod price. \.ll4 cent.
per ldIowou hour. In faot, Kolekolo
power .. usod II In Importlnl IOYin.
l1li eostb1 Outokumpu at it, own

19
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.",""",", ..flnerlos .nd min... In­
clucll"l the Outokumpu copper mlDo
In eulern Flnl.nd. See "Evolutloa 01
undergrouacl mining methods at
0ut0kU"'PU" by Elko Plhko, WONJ>"''''INC, April 1988, pal" .0 10 ~.

II....~ IU couJd be ooId 10
• -noy contact sulr.hur!c acid plant
maldac acid £or •. ertiIIzer lactory.

lllUllelllaloly aoarl>y m.rkets were
Ihua '''1labIo lor .U products. Unit..m- __ bJl!> 0IlCI .hippnl
c lDInImaL

TIle ta1 sulphur Is .n .,..
doUy rbtablo prod_ lilt ......
unlf-ty dud. end ouy 10 baadIo.
By IICI ............... poalbUllIot fVr
...lpharllm1loc1 to aoarl>y pulp mJIIt.
H_, OM" 10 cIcn thellll .....
_ \s1ICk lnNpcols liquid N1phU1'oa. dally buIs. ICokkoIa DOW' ,...

du..70 poroont of FlD1OIlCI', requlse­
_1101 --.ul ...Iphur.

What ....... hm_ '"'"
TIle........ It buod OR the fact

dIot It "~ to cIIstdI oil _ Of
the _. .Mphur. ._ of. Il!e "",,,,,
...... bY ....tIDe .....1lIdantIy.
11IIt _DO lhat olhar IUlp1IIdot 11Ioo
pyrrhotite _ be und lor thIt
purpcoa. To. eet • lalrly cclOd ...
_asy 0I ...1pIlur .nd 11'01I. It " of

=="~Io..': :~:"£:
'YO\IIllIc • pt tiel am-' At
Kokkolti, the sIas It oolUPl>lo .nd
IIlOIt\y fOIAlthe mall.. but c.... bow·
_,bi lapPocl IOparately If required.

In direct pyrllo reuUoI It Is not

20

poalblo to lot rid 01 thoar....ic. In
Iho Outokumpu Procest tho "ncnlc
~not cawo any trcubiOIl It It
almott COJIIpIololy voIotUIzecI In the
_11In1 Iu...... ancI ~rocI
durlnl tulphur purIfIeotlon. Eully
.....Illizoblo mel.1s .1...... IUd .nd
zinc. A port 'lif11_ It coIleot.d In
the Ihoo dUlt frem the f Tho
.........*nd tho psocIout Is go
Inl<> the _Ito, tuRbor to the Iron

~~.d,f':"r':"~ ::!. t;":'~
___ 01 lho sin"r, £or

-PIe-c..rbcbol",,__... pyrite hu alto been
toIIocI oa • pilot plant scalo very
.....-lulIy.

Hew thePr_n Worb
. PyRIo. _Irate Is dtloll lad

tIIowa Inl<> the ll>p of • lIuh _It·
.... "'_ I<>~..... pyrite to
fonn .......tal N1phur (¥Opor) .ncI
U - IIIIpbJdo - (Uquk\l.

Sulphur ....por .ncI ~.
..... a" -'ocI, eloanoel lrotli! duJt,
.ancI treatee! In ..tal,..... lor .. ro·
Cl!"'Y hl the rut ...Iphur ..........
ullilc·hlp.

Tho Ilqukl _ Is _"--,y
bopped "- the bottem of tie "'"....., PllU1aled With _..... ancl
r~ '" produce SOt .. endY..o. ..1cIaO.

Tho·koy equ.tioN les the procet.
.n:

I --"'"tI
, 2FoS, + /;, - 21'05 + S,
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Flesh Smartlnl furnaca
Usinl experience g.ined by devel·

opment and openUonof the auto- '
kumpu copper nash tmehing furnace.
the Outokumpu meto.llwgistl built
the furnKe reac::t1on shaft 17.5 feet
In cllamoto', 33 f••t high. .nd lined
the top with water cooled chrome
mapeslte refractory bricks. Incidenl_
.lIy, the.. have been no ,peclll
problems with refractortes despite a
rnlrulated combusUon name temper- .
oture of .bout 2,OOO·C. They ...
checkocl .nd ..placed u needed
dUMg the annual smelter repair
period.

Tho open ~tomecl ...ctlon ,halt
I. built on top of .nd .t ono end of
• horizontal ,everhorotory ,h.ped
rectangular lurnaco In which tho
molten matte colleell and It conttnu­
ousIy l.pped off.

Concontroto Is dried 10 zero
molatu.r. In • rotary Idln with an Inlet
C" temperttu,o of IlOO'C. (Iue! on
I. 1IIOd). Temperatu...t dischtrge
end It no'c. Dust It rocov..ed In
dry cyo.......nd COJIIbined with tho
dried eonc:entrat..

TIle dried pyrlbo Is .levated to tho
top oflhe I.....co 0IlCI blown into tho
lumaco thrcugh Illy.... instilled iD
the rcoI. 'I1>ne 011 bum..., opes'.t.... wtth .hout :WO'C. prohoatod
eomb_ .Ir, bu... Buok.. C on iD
.li amount equal to .bout 12.5 par­
cont of the weight 01 the pyrlto lood.
Volume 01 .1, Is carefuUy ,....Iotocl
Ie eIoto 10 tho .lOlchlOlllOtrlc amount.
Tho combutltoa .... m...t be OS'/"
lI""'irao toprOWllt sulphur I....
buminl to SOt. Pnhoallns. of .....
""'_ .i, In 011 trealed hut eo'
choecor has ban .......portant 1_
fn roitboC ..paclty .bove the initial
lu...... opo_. V.pan. hot .....b,,_ _ and molten porticlot.
drop Ihrcogb the shalt. TIle moll"
m.tte ..11_ In tho bottom of tho
horizental Iurnaco whIlo the .....
sweep over tho molten pool to tho
..Junllt Ihoo. Only .bout II"" per­
....1 of leed Is ..rrled through !ur­
n... U duot by lu._m: 25 per­
coni 01 this I. removocl In tho _0
heat boller .nd the rest 01 It In the
01_1le precipitator.

Tho temperature of th. lum'"
011.1.... I. about USO'C. whil. th.

WORLD MINING Morch 1961
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........I1.~...d tIecbottotk pre""" AI tho 'Of' .... tho fIrIt
m.tp..,. Me. :I ....r •., I, ..-.Iith 1lviW"..... ,&pl.

'.

molten-. hu about 50 to 100°C.
kl..... lempo_ n.e matt. II
oontlnuowiy tapped Irnm tho fur·
no... panulatad "wttll jets of water.
Ind stoc:kpilad lor Iurtt.e. traQI......
in tho .-or. Conp in .-II
"110\,"11. _Iy alleo. 10 orlllinol
,m... feed r- lIDS ,,-ble\ II

,tomIlllly lllppild tosellwr wtIh Ih.
matto.

'J1lo hat so- lncludinl NlpIltor
vopar. (lOll 1Imiugb a ndlalloD water...11 bolIor UllI • __ 100iIer

wlwi'e I_.t 70 .lmos'........ pra.
lure and a lemponohlf. of "C. II
llftIorotad. TlIlo_m~ Npor'
1...lodin 00 oil buml"ll hoain to I

'.m.....l .... of -C. 01 M .-.
I'horoo proINre beIote It ,.,..... tho
turbog~nerator In the pn\"CI' .:plant.

The high preIIUre st.-am boner
us.. rego.... boiler tubes, By wille •
pressure .1 70.1"""'ph<-.... th. tuh.
wall tempo••1ure I. kept over Iha
dew point ·offUlphur .v"'pnr, but'un­
der tho limit., hat!l\1lphnr carrLJiion
"In the tuba

:'67 Morch WORLD MINING

c:...~ ...... tho convection boiler
lit a loml'eI1alu... or 3l5O~C. and p'-4J
Ihroo,h • IIuo Into an .1cd_.U"
precipito',or whleh ro...... nil Ih.
dust c:arriltlQver.

........ ~.,... Upl heo••'1
OriJinaDytt-e \\'~\J only one

C'amlywr operating at " tempenlun
of about lllIloC, Aller sume yoa.. of
mardi and· tat work it \\I'U round
ou' lholt Ih. appilcAlion of • aecond'
c:ntaly.r aiD. tm.rerature 11i1"t1y
In'eI' 4OQ°C. installed .head of tbe

. nri~inal oue wnUokl rll.ise 11.. wJpbur
rfC'Overy eonskIrrably. Th~rore..

nf'\\' on fired fthnt., has reaontlv
bfton ,plMed in Ih. 'rrncns cimlit to
milf' tcmpenharo 0 the gns stream
d'tft' the 'electrostAlic I'reC'ipitatur to
400"C. AIm the relwotar. 'ha g....
ltrr Jed to the new C'RtaIYH'r and tn :I

m."" .as tooler (3 low prebllt'e .Ium
hulkr) to cunl tho It,un hcfnl'f' ('ntfl'''
in.l: lilt' Inw IMnlteratnrc {~An"c.)

(':II"I~·k·r. The m."" c''fluiplll'lIt W:lS

ptN:I.'\1 in 'tJ.Il.·r:illulI' in ,I.onrlr Dt-c-rm·

B7

bot- 19l18. It WllS buRt on til. DOIIh
lid. oullido tho main lum... build­
ing while the snwker operated with
th. onsma' dIcuIt. Alter II WllS oom·
plelod the Iu_ WIS stopped snd
tha new uni" were piped Into tho
gO'. circuit.

Aduol condensation 01 alement.1
liquid 191p1our hom ,h. lumace SU
Ita'" In the low temperature boiler
,,,hiC'h Dds u • cooler to remoYtl
heat lrom the SIS stream, Cond....•
linn of sulphur oc:curs on the boiler
tubes lrom whk:h it drops to the
holtOlO o(the boIlor•

Th.• nm I~ in the procell Is
catal"lie,rncUon tu combine the So.
and~H.!S in the cas into ell'mental
!IIulphtJl'. ,This 1;1." place at .bout
:zen'c. and, Ihe temperature is high
('llouSh 10 keep the resultant sulphur
in ;l ~wnu. pUse. See reacllem No.
:1 ;:aoove. Alumina soft concrete II
1I~('tI for catal)'lts. The crushed clta­
1~'!'It i'lpll'lt~ in the eataJ)'ur sharts
mul tile ,,",~flo\Y Ihrough il It II·
11\('!'Illll("ric.: prlE'''Iure.

21



AlW ealalyllc __ the sulplJur
oeporatioll .. oehloYed by redudnB
po _perotllra In I ....Ilng 10_.
Molten lU1phur .. pumped through
I c:ooIor """'. It .. c:ooIod to 120<C.
with. tho goDOrollon of low pr_
._ at • prooIU" of 0.8 ._
p/IenI. 11Je ....Ied sulphur .. tha
sprayed Iftlo th. top .1 th. ....1Iai
- mel drop through • rtsislJ
stream of hot ..... Sulphur In tho,_ eoncIo..... &SIC! laIIJ I. ""'­
of _ from w..... It now. 10 •

oolIaetIa,tank which !eadI both the
sulphur heal .......,. &SIC! ....11ng
,._ dmdt II waD II the down-

-~...
Aftar the furDoeo g.... h... bem

_led by the m.ltaa sulphur thar
• ro Iurth.. c:ooIod by Baltic Sa ....
tor Ja.. wash _ whorl pi
____ .. reduood from 130OC.
IO~. with the separotloD of I -n
addl~.__ 01 nlphur from
tho auot. 11Je sulphur .. aapa.-ted
lrom tho __tor ... 0 settlln, tank
.nd I'IIINIlecI to the IIlIln sulplsiu <01­
~ tank. 11Je c:ooIod •.,.. &Ie

omltte4 to .1moIpbero tbl&.i,h • 480­
loot high .......

A...nIt "10.".1 from Sulphur
Tho small amount of ....ok!. 0.04

pereon~'" the Pybis.\ml pyrite ClOD'
_trot... v.lalllized In tho fum&<lt
mel I.Uowsth. sulphur Ihrougb lhe
preclpillllon st.ps. Tho m.lten sul.
phur lrom lhe c.llectln, lank ..
""lOped th....gh .n lulocl... where
it ilwasbed with pr.heated Illilk of

22

......... ArtIfId.l "",,-.._
R........bor that lhe Dub Iv......
_.~ FeS (<<I pan:ent F. aiId 31.5
Sl whlcb was aranuJate<l us4 otoeIt·
plledou'-'de 1M __ IqIdmg.

CrlRulated DIIllo luoclaimed lma
stodlplIeo and~ to the top
of -.r.bulldlnJ wI.ere 11_-
...., fIllothNa leedblnl the
routor• .wooDy thort 1ft 1_ .
Ileal let "lUI.. foot Lutat
fIuIcIlHd bed """. _
in .... but the I rth wOI be
..... when the n_ -by, eoliaIt
......,.pIant to ... oporotlos\. 11Jese
_ tio.. probably the 'hlghelt
capodly In the _lei. 8.0 , _
o'"food. per dey per sq loot of
bed. Thoy oper.te .t • mueh hI.bar
lempel'llur. than Is _",. for
nonisal pyrll. roosting. C1os.tempes.
.turo ClODIrQI II the moot hnport.nl
~lional r r. At I,OOO.C. there
i, not h r••otlon ve100lty .1Id
the fumaco will be ntlngullbed (No.
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506041
• ......Ion); at I,OSO·C. ,he.. 10
,Inlenn, .r the gronular r.ed.
T.mpsratur. II """trolled by reSU'
latinl roaster.feed.

There II pradJealt)' no degrada4
tloto •of pulicle size durin, roarti..,.
Calcin. II I... than 0.5 pli,,,.t
minWl-2QO-inftb, but lOOpereent II
mlnuo·l0·mlDlmetero In .Iz•. Sulphur
content is 0.2(1. percent, iron is tn.o
perm.t. Coils In the nuld bed p....
d-. high temper.tur. sleam.

the sulphUr dlozld•.bearin .
.. pi II cooled 10 920·C. in a .
heat 1:IoI1er and then the dust is '0­

IIIlO"Ied by cyclones and elechoslatk
preclpllalion. The cool du,t rree So.
gu with I. total sulphur content of
107,000 tons per year from roasUna
340,000 tOni of malte is piped to aa
.djacont ,ulphunc acid plant. Th.
heet 1D the roaster ea1tlne is--iecOvel'4
eel during nleloe· cooling in water

.....IedRedI.r conveyors. In addltloo
to ooIvlng many oper.H...1pr.bl.....
nteessful heat tranafer contr.I, abra·
_'de_g" waler proofing .r Redler
_lintjadcer.,and .Inter handlJng
ha.... been ooIYed by the ....lIog
departrr;:mt.

The· supesheote<l steam which 10
.....vered from the ....,ing proceos
II led diiOdly 10 the turbine of the
PO"" plant. The roasllng pl.nl pr0­
duces about 40 percent of Ibe toIIl
It~m power III the entire Imelter.

Firm .lectrlc power II sold so that
,he power planl hOI two .uzlllsry
o/l.1Irer/ boIlen which .re uaed wheo
illlUffk:lerilp_ ,Ieam 10 ...nabl..
Nominal "'!pat .. 42 mega_til 01
whlcb .bout Iivo &Ie used In the
J(.kbla pIento.

WIth tho December 1988 l­
ID Cull Cout sulphur prlcos by '2050
,.. 10ft lho KoIrbIa ,....-. Is .....
beiIlg clooely Iu.ted by lOOny mI..
.... compon both tho.. thet heYI
• pyrite bypror/uct 1-. base metalor. .nd Ill... compsn'" mI......
pyrlle .ro bodles ror their sulphur
con'lSIt. EopeciaDy Interested .r. tho
J.po- A_Ban, Indlsn, BruI­
liaR, Canadian, .1Id UJrilec/ Stotel
compo _blch h... ,b._ k....
inter In tbll process.

Outolcampu', sulphur stall In­
cludoo: Jonn. Honkual., the c0m­
pany', metalluiJical dlreclor with
headqu.rten In Helsinki: Xauko
KIIJI/a, chief of th. process en,.,....·
Ing deparlJrienl In Helsinki: H.1IcI:I
Tanner. 101:1:01. plant manager: Esko
Hennes. sulphur plant .uperintendent;
lInc1-0sm0 V,rtf,loen, superintendent
ofth. iron roa.tlng plant. END
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1

,~:.:n'j~ ;j : :L.':·~·T--';:'·';.~·'I.Oi.~~:·:· ··em ~.:.....:.:;..::~.~',...... " ..,···EEl"'i'07'''':;':':'i~'-·~._ ..._.. .. ~~.. •
World. pyrite production. in Ioni tons Estimated............... ,., ' I. im' Ill! - I. IHI ll1Z

COMMONWEALTH
OOUllTWD

1 \ltll1... Ili..... .M 2UII R.'. .... '.L .... .... R.I•..... 5l~ .,'M 15.015 lUll .... .... n.2QO 11.200

1
-(~

:~:m
III.IIZ iiJt1 11'.192 MUll nun m,OI' 229.131

Cyprua (I) ,101.111 "'0(.) 171./11 "'.IlI 111,444 19I.lIOO 341,001I_11Io !') 11J,m I.... ,11_ llO," 1Il,IlI most 1112,100 11.1110
TOTAL 1,551,111 I"~:m

1..._ 1,lOG.IID I..... \,100,110O
hi... RopoYIo 41,921 .... ....
OTHEII COUNTlla
hi..,;.!') III,lIl IIG.OM Ill,'" a IlOJOI .... 50.000 11.110OCHiIlooIM!d. !') rJ,: •• JIt,III = lI6.lIOO 111.110O lUIIOO

I'i- _(I) 461,111 (r) 131,555 (,) 111.511 lIIO.ooo 11I.110O 111.000
"-('1 :.:m =:m 14U15 llUll 13UII II,IIS 11I,1" IlUIl
IIfmlO'l:Jj'.I) 35I,IU .11;11I 431," 444.011 111.051 ""'1.1t::" ... .... U '.L .... '.L 411.110O .1.110O

1""11 111M! 110.(.) 3i u. .... 11.011II ••110O= I,;; 1,!aUII(Il
1= 1.J13, IJltJII 1,ZI1.", 116.011II 111.001I Im.on 111,111 ....,. 11l,llllO 1S5,1IOOI ' 21\110O 21l11OO IlII.oIO .... .... II.1lIO 11.110O:: ... 1l1.l64 lIl.lIt ,5t1,. Q,It1 Mt,0I1 IIl.1OIl lIil.llI

IIt.ClQ 1,3 1l1,llllO .ol,• .... ••• 103.11IIO 120.11IIO
SpIIo 1._,81' 1,= 2'lll:: z.~.:: l,m,m 1.110I.11IIO 991.lllllS_ 1lI)lZ lIl,lIl Ill. mm 111.911
USSI(1l 2,IM•• z.lll.Dlll lJ.UIIO 1.liI 1,l5O,Gllll 1,210.11IIO "'11.11IIO 1.561,11IIO'....... (.) '= 4111•• ' 350.110O 021 401. 111.011II 111.11IIO 11l.00II
AJtorio 02,IIIl0 ll;m =IO,IlI n.Ollll 11.11IIOMI_ 11,151 lO.111 n 1 .It:f Jal ~IIIIO ',11IIO_M.... Ilt,ISI 'M. 'II~ 1lI,IIl' 116.01III 171,11IIO- .... ... .... u. .... .... I.L ',1.

~\, Ill. IIlJ10 92..... liT.:

~
I1I.U' lII.llI lIt.OII.... l.tIIMO 1,112.011II 1,211, 1"".000 113.011II .1l.1IIIO- "~ ..}II

z.lI'tm '5M! .IJU U.1OO 1&..
1..-00 "l,4 1,,..

2':3
LL 1.IIl'\IJ 1.110.111

=.P~
...~(r). J= -lIS.OIIII lII,. rs- 111,110O IlI.lIIIOlOJlI 13 II.ISI

IJ.=I
IIlIIOO 14.110O 21.11IIO

TIIbr I .... "Ill :I 110.1. ".110O SI.Ollll
TOTAL' It-=.= I&.SIIO.OIII IUIIO.IIIlO 11. tl,llllO.lDO - --.o'STOTA!.' II,ICIO.OIIII I,lII,IIlO II, 11.1IIO.000 1O.OIIII.OIIII 1,200.11IIO 1,101I.11IIO(,)

Outol<\lrnpu Oy'S f1.S~ smeltj~g technique is based on distilling off one

,.
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E/MJ-AUIUJt. 1111

5. CAS REHEATER
7. CATAlYZER IGIIREACTIOIl II
t.;AS COOLER
,. CATAl.Yl£R NO.2IRfACTlOII
It SIILPIRIl SCRUIIfI
II. LQ SUlPHUR HANDlIlIG '

AND COOLIIIC

4Y+2S02 ' Sa .. 4

~

1.

I. DAYINC flOTATIOIl PYRnE
COICUlRATt

2. COMSUSTIOI. PREtl£ATEI
3. fUSII SMllTIC f1IIUCE

IREACTIOIl ftn.
UASTE HEAT 101I.£1
5. ELECTROSTATIC DIJl:T

nECIPlTATOR
• 2CO+SOz' ~Sa+ 2COz

COS+ltzO' YtCOz
"'.4O'C
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OuCokumpu Oy's (00) new proceu ror obtllininl ele.
mental IUlphur· from pyrite is also of inletelt. 1bt Lum.
mUi Co. hu ·theri.hls &0 licens, theM inventioDl on •
worldwide bam, wi'" the """,,dOG of ScaadllLlvi....

00'1 KokkoJallMlt. iaPiniand hi. used this procell
since J962. and hu operated in "'C'SS of Its furDlce desiln
.apacity of 311O.ooo _lrIo .py.

The KoItkola proo... is • 1II.h smelliD. te<holque whert.
by 00 smella 480.000 'py. pyrlle Bot.tlOD .once.lr.te
(bearin. 50.5" 51. Based OD.his feed, the plont pradu...
about 114.000; 'py of sulphur In prill or liquid form 'D.lyl'
I.. 99.~" S, 107,000 'py of .ulphur ia SO, ... (•.2~
sulphur dioaide in •••), 32'.000 tpy couse iron calcine
(67.0" Fe pili. 0.''1' 51 which is ooId .. hiih-lrade bl".
'woace &cd, -, and 42 mepwalll of contlGUOUI declrical
cner., _derived f,om proc... tteam.
n. """odUc:l 5 10 sold '" ..vera! ..my p.per pulp

mill.. thO F..:.ld.. '" thO IbutarWitl Co. at It...... 75
miles 10 thO 1IorIh. the dec:tsic power 10 aold •• 1.24, per
tilow.n·bovrw ..Ipborln. iadlllllY••ad \be router SO,
• .. Ia sold 10.' ._ ....phurle add p1.ut.
:-~_ is bosod OD I1lo prlndple \bat II Is possibl.

10 oil oa. of the two S at_ of pyrite moI..ul.. If
..._ hlp _ ••h. OIhar ISIlphld" lsIcIudIo. pyrrhotite
clftDOl, be uta-IUd in this proceu. Another adYaDI_" of

•• Ckd;okumpu·,-procat-ancnlc doel- DOC erale I problem
,4 lOt k is .1 colllpl...ly vo'atUi2ed durl...mel,I•••nd

nco.....d duti uIphur p.rift.atioll. C.rbon.ceou. pyrite
h.. also ...... tn.ted .......sfully.

Thopyri.. '.-emra.. 10 1m dried, the. blow. I. tbe
lop of • .....Iter .. daeompGM the f.... to IUlphur
'.por "'OID ....p111de. .... liquid ,..IIL

Tho upot. p\laM 10 de_ aDd .... treatad ia •
.....yzer. U,..s .._ Ia tapped COD.iauouIIy, .raoul.tad
willl .. _quoodl ud rvaalod. Wbea mat.. Is roasted,
so, 1M &lid. h,O .aIciM is producttL 1D tba furv_
.-U.,,, of de weiIbt of pyri.. loed io added ..
8UDt.. Coil with 01"", 00'''' _ •

Hot _·1uuiDa from tIso 1._ II 1,150' C (indud­
... ISIIphvrI .... Ihroutb • radlatloa boll.. foUow.d by •
cOD kID bOI\er when "am II 70 11__" of pm-
.un 215' C _Ilun 10 pMratod. Thla 111.. p_.ure prnenlS t\Ie ...... wall .._ ..... from n._.
Ihe dawpolat .f .ulphllr vapor. but .- tbe 1Im11 for .....
phur con~.i•. 0afiII Ie 11M coaveetloa boiler at ,3"0·
C ........ IIIU' lis aD ............de pncipitalor.

CurnDt~ II ItoItItoIa _ two .....yws follow.
IA. lho .'"'-tie~. Tho Inc oper...... 400'
C. I'" -....•• 260 C.

Tho _ sUp r..... so, H,s ., ._ 260' C wilh
•• alumlD. "'fl _ Iya. to funo _Dial S.

Afler ••t.lytlc: prooaain uIphur I. col\ecllll by nd....
i•••n ..mp''''''''' '" .ulphur wUI liqUIfy. Thl. liquid
,ulphur Is .pr.yed IDID • cool... -.r Ihrou" • IUiD,
Slream of ... ...... SUlph.... _de.... 'Dd Ia ooII..lOd
i. "aka whit!'> f••d 'he lU\phur bell ncovary aDd cooliD•
lower circuit; ....ell u tbefollowln,luloclave.

Furnace' pies' are cooIed'l.ia by Baltic $ea water in
• wash lowetfrom ,1,30-10 -60- C. and • smaUer amaUDl
of S is recovend. 1be S is tben I,parated from lIa waler.

13.

. . -..

I-~~'':;-''r";':':
to .'.1 .,

..-:..:....:-

12.II.

o.L '.L '.L u.
ItWO . 10,Il1O .... ....

11&.111 114.1Z7 110.0IIII =IlI.JOO lli.lIOO 471.lIOO
1I,1OIl 91.100 11,l1li

= 11,IlOO 13,O111l

I140,IlOO In,Ollll

:= 110,IlOO I~
71,114 5UIl

14\474 17t143 IIUtI=: 41.G011 ,g,G
5l,OIIIl .... ~.1II1Jl»(ll 1oIll.1IOO I'O.OIIG 197::]/1.IlOO 317.IlOO II~IIOII

15.lIOII 11,lIOII .... u .
m,17I 1lI,B1 279.TQ 2lQ"1l1.1lIIIl 110,lIOII .... "IlQ,IIOII 1,117,lIOII 1,131,000 WI,OIIIl
\QI,III (ll m,lll U1,475 I.aI,I/l,IIOII 1.171,lIOII 1,72G,OIIIl
IlO,llIIIl lllOOll 160.lIOII 149,OIIIl

17,O111l 18.IlOO . "H,ooo 1=1,Il1O I,OIIIl 5,lIOO
111,Il1O IM,IIIO 151,0IIII 179,OlIII

" .... .... 1m111,111 951,lll l5UI5
III.CIlIO 575,iIIIO lI~iIIIO .,,117. 17~1II 14••

I,IIU!Q(I) I,/II.UI 1,l5O,1IIO ....
17 . 27 ....

15IgI 111,O111l 17I,0111l

IY:: 41,0IIII,0lIl 1lI,0111l-llOll,lIIO 1.711D.0111 9,11IO,OIIIl t,IIOII,OIIIl

SIJlphur content of the pyrite in long tons
'III 11M 1111 ,tit
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H'tDROMETAlLURGU:At. TREA1ll£1IT Of BLACKBlRD alBAlT CONCElURATE

G.B. Harris, S. Monettt and R.W. Stanley

Noranda Research Centre
240 Hymus Boulevard

Pointe Claire, Quebec
Canada, H9R IG5

506044

Ahydrometallurgical process has been developed for the production of
cathode cobalt from Blackbird cobaltit.-pyrite concentrate, based upon the
selective dissolution of cobaltite. Laboratory and miniplant studies have
shown, that overall cOllalt recoveries of 93 to g41 can be obtained by:
leaching concentrate with 30,g/L NaZSO. solution at 150°C, lZ00 kPa oxygen
and 301 5011ds; treatment of the le,ch solution for the removal of impur­
ities (Fe, As, Cu, ln, Ni, etc.) deleterious to cobalt electrowinning; pre­
cipitation of cobaltous hydroxide from the purified solution with lime;
dissolution of cobaltous hydroxide in spent electrolyte; and cobalt elec­
trowinning fro- sulphate ,medium.

The reasons for adopting the pressu~e leach and the preferred operat­
ing parametenare discussed. Data areJI,ruented on the effect of temper­
ature, ,ollYgen pressure and sodium sulph.teconcentration. The requirements
for solution purification are outlined and the results of an integrated
batch mintplant operation are given.

B11



041
"i'a')' ,,'
~., ',' r ...... '.'

50G045

WASH UQUOft
BULl< CONCENTRATE

I.. ~

PRESSURE - NoZso.. -WASHLEACH

~ .•
JAROSITE - LIS SEPARATION

I-
PRECIPITATION I • .. RESIOUE

EN l .L: WASH
DE • • -."CulAs RESIDUE

PRECIPITATION .. LIS SEPARATION • (Cu/As

ONE I I SULPHIDE)

• •
Fe OXIDATION- RESIDUEAND .. LIS SEPARATION
f>RECIPITATlON

I

•
ZINC E1.UlI'E TO PRECIPITATION.. ION-EXCHANGE .. WI1lt lit«

I- I PRlMAR'!' EUJATE.~

NICKEL SECONDARY ELUATE TO.. ION-EXCHANGE: PRECIPITATION ,WITH..
• L SODA ASH

te*l.r c
LIS SEPARAllON f+FlLTRATEPRECIPITATION

:' I

• • ,

COBALT
, RESlOUE.. D1SSOU1TION LIS SEPARATION (GYPSUM) ..

I

•
CARIlOl
COLUMN

L
C08AlT .. EVAPORATION- ELECTROWrNNING

+

ELUANT

HzS04
LIME

LIMEST

HYOROG
SULPHI

UME·

OXYGEN

OXYGEN

B12



......
'"

norarKIa

fleming FJowsheel
Figure 24

~ ...
~~



50604 ';

Acknowl edSl!lIIl!llt

The authors wish to recognize the valu.bl~ contributions made by P.L.
Claessens, J. Cromwell, N.E. Ghatas, H. Kanduth. B.H. Morrtson. L. Rosato.
D. Shlnk and others of Norand. to the work reported In this paper. The
mlner.loglc.l ex.mlnation of the concentrates was conducted by J.E.
Dutrizac and T. T. Chen of CANMET. Permission from Noranda Hines Limited to
publiSh this PIper Is also gr.tefully acknowledged.

References

1. Whyte, R.H•• et al~ "Development of • process for the recovery of elec­
trolytic copper and cobalt from Rokana converter sllg". Advances in
Extractive Metallurgy 17, IMM. London, 1977. p. 57.

2. Brunrnitt. R.N., "Cobalt production In Central Africa". p.per presented
.t Cobalt BO. CIH 10th Annual HydrometaHurgical Meeting, Edmonton,
Alberta. October 1980.

3. Aird. J •• Celmer. R.S. and H.y. A.V•• New cobalt production from
R.C.M. 's Chambishi rout-leach-electrowin process. Mining Maguine 140
(10). October 19BO. p. 320.

4. Hackl'll. V.N. and Benz, T.V., "Application of pressun hydrometallurgy
to the production of metallic cobalt". p. 503. in Extractive Metallu~y
ofCoppu. Nickel .ndCobilt. Paul Quene.u (Ed. J. Intersetence. w
fork, [g61.

5. Thornhill. P.G. lIigstol, £••nd Van lIeert. G•• "~ Falconbrldge matte
leach process". Journal of Metals 23 (7). July 1971. p. 13.

6. £lchardus. E.M. and Reynaud. J.F ••• "Le CObalt en France". Chimle et
Industr1e. 86 (5). 1961. p. 531.

7. Chilton. C.H•• "Leach li~s arsenic bugaboo in metal ore". Chem. Eng.,
65 (1). 1958. p. SO.

8. Mitchell. J.S •• "Cobalt pressure leaching .and reduction at Garfield".
Journal of Metals 9 (3). March 1957. p. 343.

g. Va,....n. I.H•• "The gener.tion of sulphuric Kid from pyrite by pressure
leaching". Australi.n J. Applied Science. 7. 1956. p. 346.

10. Strong. B. and Henry. R.P •• "The purification of cob.lt advance elec­
trolyte using ion exchan~". Hydrometallurgy. 1 (4). 1976, p. 311.

11. Rosato. L•• Hirris. G.B. IIld Stanley. R.II. "Sepuation of nickel from
cob.lt In sulphate medillR by ion exchange". presented at H1th AIME
Annual Meeting. Dallas. Texas. 14-18 Febru.ry 1982.

B14



Report 0' Investlgetlons 9190 506048

Recovery of Cobalt From Silent Copper
Leach Solutions-Improved Elution
and Impurity Removal Techniques,
With R··evised Process Economics

By P. G.Bennett end T. H. Jeffer.

UNITED STATES DEPARTMENT OF THE INTERIOR
Don81d P8ul Hodel. Secr.t8ry

BUREAU OF MINES
T S Ary. Director

B15



8

045 ,
.'" (Ii] 'J(;, .. \1 TAllI! 4•• I!tUm.'ed .nnu.' OP...lInll co.lo

506049

Dlr.ct COt'l:
Raw meterlall:
Su~urlo acid ., $40/11 ". .. .. .. .
Ammonl••, $O.14{1b , .. ••• . .. . .. .. . . • .. • .
SodIum oorbori.,•• 58 pel .t $83/11 . .. .. .. .. .... .. .. • .. • • • •• .••••• . .....•
o..tro.. II $O.28/lb '••••..f ..........•.•...........•..•..•........ , .
Ion chllllle ,..fn II seoo{1l , ••••••••••••••••••• , .
DEHPA lOlv.nt II $3.I10/gol , .ev 272 IOfvonI II $15/~ , ••• ,., , , , , , •..............•
Ol.mloola 'o..'.""'pl IizO tr..trnonl '" ..

Total ••••••••••••••••••••••••••••••••••••• , •••• ; •••••• , ••••••••.••.•.
UUIlUea:
S,wle power 111$0.047{kW'h , '.' .•..•••
Pr w.lIt II $O.25/Muo1 ..
Rowwollt II $O.06/Mgol , ,. , , , •.... , .••..•••
Halurlll g ' SO.oo/MMlllu , •• , , .. , .. ,., , , ...••

Total •••••••••••••••• , •••••••.••••• , ••••••••• , ••••••••••••••••••••••
DIr.cl labor:

Lober '1$9{h •.•..••.•.••........•..•••.••.• , ••.••.....••••...•••.•...•
SupoMllon. lapel o'l.bo, , .•.................... , ...•........

Total •••••.••••••••••••.•••.•••••••••• • ••••••••..•••••••••••••••.•
Plant m.lntln.nor.

Lober .
SupoMalon, 20 pel 01 mlllntln l.bOr .
MIt,rI_ .. " " .•...•......•.........•. ";' ,.:. 0· •• ', '•••••••' ••.••• 0" .

Total .
p rhMd. 35 pet 01 -.. "\'IoU .
Oporll1lng lupplIII. 20 pel 01 planl__ .

Total d1r1cl COI1 .
IndIrocl ooll, 40 pol 01 dIrIcllabOr and mIllnt.n_ , .•.•....
FIxed COI1:
T"H. 1 pel oIloNl pIan1 0011 .
IrIour 1 pol Ollll\lll p1anl 001\ .
Oop,ocI.tIon, 10¥'" ..

Total cpora1lng COI1 .
o.cnt:

Coppor-nIckolIlllldull.1 $O.7ll{lb .•.......•••••..•.•••••.•••.•••.•••• , .••..•.•
ZIno oarboIlo1t II SIl.24/lb : , ..•...•.•..•. "
Nlcbl CIIllona1Ill1 t3. fO{lb , •.•.••..•
Cob8/t•.......- CIIbonoIe 111 $2.70{Ib ••••••••••• ' : •.•.••••

Total ..
NIt......",,:, 'I"",,! I I t, ".,;", n' ,t.",:"",., t:, f" II ,

SUMMARY AND CONCLUSIONS

Annu.1 coil eolll p'/ pound
.ttetrplytlc cobalt

$1.453.~ $1,518
lll.loo ,095

3.122.500 3.2111
457,700 ,478
944.500 .988

21.500 .022
88.800 .0114

8,llIlO ,008

"es 0,160

835,500 .SSll
8ll.5OO .062

1.000 .001
1115.800 1·817
2,21f,§QO 2.

838.500 .865

7~U~1 :;~

297.000 .310
Sll,4OO .062

297·000 .310
853.400 .882
380.900 .398
130.700 .138

10.294.900 10.750
554.200 .87ll

188,100 .1114
188,100 .1114

Djl1I ,im
3,127.100 3.2l1S
2,313,800 2.1l1l
2,808,700 2.1133

am ,055

-tB 181

A Pachuca lIir-1ifl reactor reduced the overall J'CIin
in-aory of a cobalt recovery proc:ea by 21pc:t l1Id the
elution resill iDmdory by 72 pet wileD COlIIpilrelI With a
lilled-bed e1utioll~IL Total elution lilDe _'redUced
from about ••• miD ·"the Ibied-bed coloma tOapJIfOII­
mately 50 Mia 1diIIzint the PachUta reactCll'.Six Somlo
coatacts employina one lG-&/L HzS04 KI'IIb, twq 4Ooj/L
HzS04eIuut CODlIdI With a 2.5O-I/L HzS04e1111llt • the
second contact of the fourt" elutioa, ODe water ..... two
4tl: NH40H~ COIllactS with a 2O-pet billed Itream,
and ODe 2-miD water wash e1fectiYely eluted the ·Ioaded

'reaiD. Approximately 18 miD was required .for eluant

B16

transfer, eluant draillllgC. and resiD drainage allhe end or
a com~elulion.

PrOlZSliIl8 rresh cemenlalion plant emuenl resulted in
product e,,",tel containing IIpproximalely 1giL Fe;
wben:as, diose obtained from aged reed solution conlained
6 giL Fe: ..Lower iron concenlralions in Ibe eluales

, reduced r..... consumption for impurily removal. Total
sodium e:atbQnate COII51ImpiioD was reduced by 40 pel and
dc1trose IonsU1IlpliOll by '10 pd. Resin iDvcntory was
reduced by 20 pd using the eighl-compartment MCIX
column.



Utilizing the eigbt-<:ompartment MClX loadina columa
along witb tbe Pachue. reactor for resin elution resulted
ia a decrease in the total resin inventory by 47 pet; thus, a
reductioa in theclpital CO$l. The processing Qrr,clh feed
IOlutioa lowered irOll toIICCatrations in the eluates,

506050 II

Ihus reducing the reagent COlt ror iron rcmoval.
Implementing the Pachuca elution s)'ltem and proceSling
fresb reed solution resulted in a nel operating cost or
SS.10/1b of eobalt. This value included byproduct crcdits.
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TABLE II

LAKE ERIF. BASE PIlICES OF IIlOI\I ORE' AND nlLEtS
AND COMPOSITE PIlICE OFPIC 11l0I\I

Ilb"'t1 '"IIitI~~·illll.,.aI)'li!l: 1910-1-1: RrsK"I..... S5-a. t·ll' 1NIIt.):N,on~$1.'"
Fe (N.'.). 192$,tI.tp: 88Sf'lIIC."r SI.5(Hl, Fe (N••. ) ...
0.045 ....... (Ory),I\I...h...scmc••I._ Fe (1\1.1.).

Iprior 10 I_, prKes lire for Mnabi BnlC!'meT.

Jet'llil pt"r unit nfinm natural.
4( :OnlpmilC" 1'"'1C'f' Ira...1on .~.... prit'on fiN' '-it_ blndl)' pillrun" repie_tlM...

1"",,11H-iul: IIU11lh ill tiM" U.~.

1,"lhklu.tll'lIf'rs 11'"I'fO IInM"1uno plTmhln ...,..kir•••• "M."II 1-
un,•. A''''pital aaane Me .)I'("lnh,un is 80 n'IIts prr Ion and ••ypical RniE'4Ife peuky is 45ceat1
IW',lon.. ,

's32.U--(......., ,cmr...orCll7I1JI,$3I.53-U. S. 5' uor~l.

~7.344'_U,S, 51 1. S/tlW7. t'(JJJ ....",. J_.•11." 810-1...... _ ...
'.) I.... I/11lI7. S8.Ot-Mi 1Sen';"'•• 8/13IlJ,'I..SIl4t-1'id<ooMIt Moll.... 8/JIII5. doh..,...
-,~ huM of '·MwI.U)l(M'r l..all,.. pnrts. ···72.45C'-t.:kovdand-Cli'Ih. IlI3O'88;.ope.., Nor-.:W

, ........ 1,"7.1t1i 9t-llallna "Uninc. 2I2fiJ82_
::'t-:ffi't'li,",,' "'11&1.

".- llNn 1111111("' Inoillll: IlnMltln"fl. Listlnll di<H:'mUlIue:-clI., Imn A~. dfmiY«' Feh."., ..
~IIPU

SfntrC:e:lron Alef'. StopCclllhft 19118'1" 74.

Cllllll_1n" M,·...1Ji M("SRlti lIiIlb r.:.~,".'l" Nnllht""'l«"tfM."I' Rt·KIII.... Nntll.-eslPtnPr I'hclSl....111 ...0..10'
1'110 s ~.2O S 4.75 S4:OiI S 17.15
ml.\ . 3U11 H5 1.110 11.75
I"!CJ . Ii. 70 ..7.20 fi.5.~ S fi.3S «1.00
I'~"\ . HO HO 4.15 4..1' 11.00
I'lMI ... ".6.; 4.65 ~.SO 4.40 18.SO
Ifl,j ... 4.'" 4.6., 4.511 4.40 IUO
14110 ... 4.00 4.00 4.4., 4.35 13.00
I"" ... .. ".!III 4.70 4.55 4.55 1li.00
I~r,.•. .;:'Y,j 7.1I.~ 7.11/1 7.70 46.50
1'11.') ... 102$ 111.2$ 111.10 mUll !IfI.50
l"iI' _._ 11,.;:0 IUO 11.4., 11"45 •.SO
l'IIi.' ... 10:110 10.70 Je'.55 10.M 1li.1 «I.SO
In;'o . 11110 10.95 10.110 10.110 26.6 66.00
.'tj:) . III. is 18.6., 18.~ 18.50 47.1 1117.67
19«' ... 1ft.5O t8.SO IlI.SO 28.50 73.66 :pI.OO
1981 ... 32.78 32.53 3215·3UI· 32.115-32.53 1lO.5O moo
19'12 ... 32.78 3U3 32.I15.J1.53 32.25·31.53 1lO50-8l1.9 113.00
IY!L' 31...78 32.53 30.03-31.53' 30.00-31.53 110.50-86.' 113·00
I'I'H ... 32.53 30..,,1.31) 3O.CXI-3I.S3 llO.so-a. !l3.00
I!J'I,' ... 32·53 3O.CXI-3I.53 3O.CXI-3I.53 1II.o..l" ,13.1111
HrKl 32.53 30.00·31.$1 SO.OO-31.S3. 1IB.00l!8-8 !l3.00
I!J"I'... 3I.s:! SO.aUI.:!.l 30.00-31.53 31.344.f16." 113.011
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.* FOB Price Changes of Hajor Brands in European Harket

506053

(Per f. 111DMT FOB)

Jan-Dec! Nf.lJllca (
I i 1988'. I--... N,I.s:Sa,- 1982 1983 1984 19S~ 1986 1987

I
Or< Bland '~. Ilnl days I Price 88/S7 (lll

I, I
.F in. s I
LKIB (I) (Swed.n)

I
I. 150 e36.20 e 31. 60 e29.20 e 29. 7S e 28. 60 e 25. 9~ e26.70 A 2. 89

LKAB (2) (Sw.dell) I. I~O - - - - - e25.25 e 26. 00 A .2.97
S\ 1'l(Ii /'Mauri tania) t 2.216 &34. 00 &30. 75 &27. 75 '28. 9S e 28. 60 e 26. 00 &25. 10 II. 3. 46
smm (~auritania) I ~, 216 - - - - e 28. 00 e2UO &24.40 II. 2. 01
Granada (Spain) I - - - - - e 19. 40 e 18.90 II. 2.5&
MI. ~r .,ht (Canada) I 1101 e 33.00 t29.30 t 26. 80 e 26. 80 e 26. 50 e2U3 t 23. 68 II. l.46
Carol (Canada)

I
3.101 e 33.00 t 29. 30 t 26. 80 e 26. 80 t 26. 50 '24.03 • 23. 68 II. l.46

La~co (L lbe"') 3. 710 &30. 00 e 27. 00 &24. 00 t 25.10 t2170 t 22. 75 &21. 00 II. 7.69
mD (Bm iI) 5.044 e32.50· '29.00 c 26.15 e 26. 5& t 26.26 e24.50 e 23. 50 II. 4.08
CaraJu (BrUil)

:~

t 27. 50 t 25.30 &2UO II. 3. 95- :.- - -
Iscor (S. Afr iel) 6.200 e3UO 1.27.90 t2o:BO t23..~. • 22. 70
lo~. l".r (Austral ia) I

n.4OO e 18. 00 eI6. 92 &14.00 &14. 1$ e1U5 &14. 10 t 12. 75 .... 9.57IMI. I..... (Austral i.}

I
n. ~OO e 40. 40 e3t9O e 32. 90 e 34. 30 e 32. 40 e 29.35 e3L35 A 6.81

Nalersl., (AUstralia) 11.400 t 40. 40 &3t90 e 32. 90 e3t 30 &32. 40 .29.35 e3~~ A HI
f.Orinoco (Ven.zu.la)

I
- - t 32. 26 &34. oe e 32. 17 e29.2O e30. A 5.82

.p·r IllliR (Bmil) - t 26. 00 &23.20 .20.92 .21. 25 '2L2S e 19. 60 e 18. 80 II. 4.08
Suarco (Brizi Il e 26. 00 e23.2O &20.92 e2L 25 e2L2S e 19. 60 &18. 80 .... 4.08

.Lump
SNIN (liurituia) 2. 216 - - - - - e26.4O e 25. 60 .... 3.03
locor (S. AfrICa) 6.200 e:lS.90 e 31. 30 e 24. 00 • 29. Oli e26.70 -
~\. ~....n (Austr.lia) 11.400 H4.7S e38.15 e 36.15 &38. 4l '36.20 &33. 15 &36.00 A 8.60
H..."I.y (Austral i.) 11.400 &44.75 &3t 15 e 36. 15 e 38. 48 e 36. 20 t 33.15 t38.00 A 8.60

.P eJ I e IS
,

I I e38. 60LKA8 (Sweden) 1. 150 Ie SO. 20 C4LOO e38. 60 e 38.15 e 41. 15 • 46. 35 AI2. 60
Sl4.aranl.r(Not..,} 1. 150 e 49. 00 '40.50 e 37. 95 e38.50 e 38. 00 e38.9O e 42. 75 A 9.90
eun (8mi I) 5.044 e 41. 50 • 39.00 • 36. 00 .36.00 • 35. 60 '36.70 e 10. 35 A 9.95
Suarco (Srui I) e 46. 00 e37.311 e34. 00 t3tOO .34. 00 e35.55 e39.08 A 9.93
Carol (Calida) 3.101 e 43. 64 e3t75 - e36. 50 e 36. 50 t 37. 15 e39.95 A 7.54
Mt.•"1'1 (Calida) - - - e36.se e 36. SO '31.15 e39.95 A 7. 5~

101.S 'I} •• Price per f. I. elF Rott.r....
2l Swedis~ fin. or. pric.m is ofllAt ud (2) is of KBf.
3} Rolre Ri,er fine or•• Pr ice per Fe ~iJ/Dl.T.

4} $NIl fioe ore pmem '5 of TZF(Tazad'l fine} .nd. (2) ,. of Guelb file.
5) ..... linu.. t:. • Plus.
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l; c: l. rJ ,j (; corm PlICIS III eelte por po"') 1/

I.S. PlODICIi '.$. ,..11 PlICU UIIIGI GlIII U. rIODIeU PlletS Lli 110 SUDI
lUI cmm, UI7, till CIIIIIT , un, ClIUIT' nil ctum, 1HH ClUIIT ,

1m 22.00 u. 1m 11.11 U1.11 11.15 Iltl 11.5' 'UI IU5
1151 11.11 I.&. IH1 11.11 nU5 14.11 Its' 11.51 111.11 11.17
11$1 21.11 U. IHI 11.01 151.15 11.11 1ts1 lUI 115.12
115. 22.11 U. lin 11.11 111.4. 12.1. 1151 11.51 111.11
115. 21.11 U. IH. 12.11 112.1. 11.1. 1151 11.15 nU5 .1.15
1155 17.11 u. 1m 15.11 112.15 15.1. 115. 21.1t Ut21 .1.21
115. 17.11 U. liN 11.11 215." lUI 1155 .Ul 1.1.11 n...
1n7 25.11 u. 1117 n.1I 215." 11.11 - 1151 n.1I 115.n n."
lISt 11.11 U. liN 11.21 11...1 11.25 1157 M.11 111.15 I7.M
1151 22.11 U. 1111 11.11 117.11 12.11 1111 11.11 10UI 24.11
lilt 11.11 1.1, 1111 Itn IIU1 12.12 1111 It.II 111.12 11.11 '
1111 11.11 U. 1111 12.5' m.7I II.M 1111 1I.1t 122.17 ....1
1111 22.11 U. 1112 lUI 222.71 11.1. 1111 lUI IIU2 21.71
III' lUI U. III' lUI 212.11 15.11 1111 .I.A IIUI 21.1.
lilt n.A u. lilt 11.11 m.n 11.12 un lI.n 11I.n 21.25
1115 .1.21 U. 1115 17.n 111.17 15.17 1111 11.15 l1U. 11.11
1111 .4.11 U. 111. 21." m.u 15.11 1N5 15.1. 111.21 51.52
1.7 lUI U. 1117 11.11 m.n 27.1. 1111 ".n 121.11 .....
lilt n.1I u. 1111 Itlit UU1 2U' 1117 U.11 121.12 51.11
1111 24.1' U. litI 11.11 lU.15 1',21 III' n.n 121.1. 51.1.
1.71 11.1. 311.11 112. 1U. MI,n 11.12 1... : n.n 111." .1.2.
1111 11.11 1t5.l1 1121 11.15 ts,.. 11.12 Itf1 51.17 1.1.1. .2.1.
U72 .5.11 511." 1111 lUi 111.11 12.11 ml 52." II1.n 11.41
lin II.A 411•• lin lUi 111.1. lUI 1112 51." m.1I .1.5.
1111 12.1' 115.'1 111. 11.2' 111.21 12.1. un 51.41 1.1.11 ....1
1115 22.11 125." 1m lU' 112.11 1'.11 In. 11.17 111.35 11.11
1171 21.11 m.1I 112. 1M' UU1 12.11 m5 11.1' IIUI 51.n
Ian 1...1 172." 1m Itn 111.11 117. II." 111.11 11.31
1171 lUI m .•l 1121 lUI Ill." 14.17 ~1171 . lI.n . l1'.n it."
1171 11.1. 2n.7I 1m 11.15 111.11 1.... 1tf1 .1.51 111.5. Il.n
lilt 21.11 85.n 1130 11.2. 111.1. 12." 1171 11.11 111.12 .1.17
1111 11.2. 2.1.2. 1111 1.17 11," 7,11 1111 111.12 111." 11.15
1111 11.11 I1Uf 1111 5.11 fl." 7.15 1111 15.12 111.53 n...
1111 11.5' 231.11 lUI 7.U 11." 1.2. 1It1 71.11 .7.12 .1.1t
1111 IUD 1.5.11 111. I." .1.27 1.11 III' 71.2. 11.7. 72.n
1n5 11.1. 15UI 1115 1.11 I'.n 7." 1.1t 1t.1. 7U' 11.5.
111. 11.1' 151." 1m UI 11.11 '.11 1115 11.17 71.1. lUI
1n7 lUI 1.1.12 un lUI 121.11 12.13 UII H.15 11.2. .1.5'
In. IUD 131.12 1m 11.11 11.11 .... 1117 12.51 12.5. lUI
III' 11.51 l1U5 III. 11.2. 111.71 "'1 l.n 18.51 111.55 117.11
11t1 15." 22U3 Jill 11.5. lit" 1U5
1m lUI lU.1I 1111 12.1. 112.51 lU5 1/ 11reber ,ric.. to t177. Ca\bode. 1.7.-11.1.
1112 lUI !lU5 IH2 lUI H.II 11.15 Soaree.: 1.1.•.1. Telrtlot•• tall" letll Illd·
1m lUI 154.11 1.41 12." 11.75 IUS book. 1.,lleerl., I 111111 Jo,rl11, II.rlcll
1114 1.51 UU2 lilt 12." .2.11 1I.n Ietl1 Ilrt,\. letll. leek.
1115 11.71 152.41 1U5 12.11 n.2I 11.35
IU. 11.1' 153.12 11M 14.1. 15." 14.12
lin 11.2. 171.13 1.17 11.17 111.1. 21.01
1m 11.13 nu. IU. 21.12 IIU. 21.5'
11U 11.71 m.H
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The prtee of told In the unIted St.te., fNOa 1792 506055
..••...•.....•..•.••....•..••..............•.•.•..••....................•••••••............•..._ .

Offlef.l Priee I.rket Prle•
........................••..•.........................................

Averave Nigh
.....................

Low

Doll.r.
per

KHogr.

Dollar.
per

Troy
ounc.

Doll...
per

KHoer'"

Doll.r.
per

Troy
.........

DoIl.r.
per

Ktlogr•.

Doll.r.
per

Troy.......

Doll...
per

Kllogr.

Doll.r.
per

Troy
.........

Aprtl 2, 1792·
J.... 27, 1834···· 6Z3.40 19.39+

J.... 2e, 1834·
Jan. 17, 1837··· 665.20 20.69'

Jan. Ie. 1837·
Jan.lO, 1934···· 664.56 20.67.

J... 31. 1934·
larell 15. 1968'" 1.IZ5.2e 35.DO

I'di················ I.IZ5.Z8 35.DO 1••7.96 1/40.06 IIl76.37 1/42.el 1.207.26 1/37.55
196P················ 1,IZ5.Z8 35.DO 1.334.58 41.51 11422.67 44.Z5 1,139.74 35.45
1970··············,· 1,125.28 35.DO 1,178.61 36.41 1;261.35 39.45 1,131.71 35.20
1911················ I.IZ5.Z8 35.DO 1.326.22 41.Z5 1;'l7.49 44.40 1,216.90 37.85
1972················ 1.221.73 38. DO .'.llI4.03 58.60 Z',265.OZ 70.45 1,429.10 44.45
1911················ 1.221.73 38. DO 5.144.66 97.11 11;065.46 126.45 2,061.90 64.35
19~················ 1.357.40 'l.22 5,~.76 159.74 6\261.35 194.75 3,761.65 117.DO
1975················ 1,357.40 42.22 5,1,z'.OZ 161.49 S;m.DO 185.75 4,155.48 129.Z5
1976················ 1.357.40 42.22 4,029.13 125'.32 4j5Z8.43 140.15 3.313.13 103.05
1977················ 1.357.40 42.22 4,768.27 148.31 51415.79 161.45 4,187.65 lJO.25
1918················ 1.357.40 42.22 6,222.77 193.55 7;.14.23 243.05 5,343.45 166.20
1979·············,·· 1.357.40 'l.22 9,".35 J07.5'O 16;621.92 517.DO 6,981.53 217.15
1910················ 1.357.40 42.22 19;694.25 612.56 21'i~' II I5O.DO 15,519.15 482.70
1981·····'·········· 1.357.40 'l.22 14,1'71.76 459.64 ~~32 599.Z5 12,571.97 391.25'
1982················ 1,357.40 42.22 12,.,71 575.91 15i464.50 481.DO 9,540.73 296.75
1985················ 1,357.40 'l.22 13•.a1.91 424. DO 16;372.76 509.25 12,045.27 374.65
1984················ 1.357.40 'l.22 11.595.41 360.66 15j048.37 405.85 9,899.21 J07.9O
1985················ 1.357.40 42.22 10,2.13.00 317.66 1"1973.04 341.JO 9.151.70 284.65
1986················ 1,357.40 42.22 n ,159.1. 361.2.4 14.098.09 438.5'0 10,503.64 326.70
1987····'··········· 1,357.40 42.22 14,401.92 447.95 16,115.55 501.25 12,587.33 39\.51
1988················ 1.357.40 'l.22 14,091.98 438.31 15;605.00 485.37 12,751.62 396.62
..................................................•••......................•...........•...........................•.

ttt••ed on l.t ten _h. of the ye.r.

S....e.: U.S. Tr.....". Vltll IIercll 15, 1968 end lneelh.rd I.....trl... ther..ft...

Iur.... of Mine.
Branch of Nonferr... M.t.l.
ve.h1naton. DC 20241

2/03/89
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Table 63. Crude Oil Domestic First Purchase Price. 1 1949·1988
(Dollars per Barrell

Year

194'
19liO
1961
1152
1963
1964
1966
1966
1961
1968
1968
1960
1961
1962
1963
1964
11165
1986
1911
Il168
1969
1910
1911
19'12
1913
1914
1915
1916
1m
1918
1m
1!I8O
1981
1982
1983
1984
19M
19116
IlI8'I1-

~
North Slope

(ClIrnnU

'6.32
5.21

10.5'1
16.81
23.23.
11.92
11.6.
11.91
16.911
6,45

10.1l3
11.43

Other U.s.A...~
U.s.

(ClIrnntl (ClIrrenl) (_nl) ,

2.54 2.54 10.81
2.51 2.51 10.60
2.58 2.58 10.08
2.58 2.53 '.9'l
2.68 2.68 10.35
2.18 2.18 10.51
2.1'1 2.11 10.18
2.19 2.19 '.93
3.09 3.09 10.62
3.01 3.01 10.13
2.90 2.90 9.54
2.88 2.88 9.32
2.89 2.89 9.26
2.90 2.90 9.09
2.89 2.89 8.92
2.88 2.88 8.15
2.68 2.86 8.46
2.88 2.88 8.23
2.92 2.92 8.13
2.94 2.94 1.80
3.09 3.09 1.16
3.18 3.18 1.51
3.3. 3.39 1.64
8.39 3•• 1.29
3.89 3.89 1.86
6.81 6.81 12.72
1.81 1.67 12.93
8.19 8.19 12.98

, 8.413 8.5'1 12.73
9.56 9.00 12.41

13.01 12.64 16.08
22.65 21M 25.19
33.11 31.1'1 33.80
3G.43 29J02 29.52
29.00 2U' 25.21
21M 25.88 24.03
25.14 24.09 21.72
14.13 12.51 1G.911
16.1l3 15.40 13.OM
13.91 12.51 10.:1.1
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SOG057
DEFINITIONS

Free on Board (FOB) Cost: The f.o.b. cost is the price actual Iv
charged at In;-producinq country's port of loading. The r~ported
price includes deductions for any rebates and discounts or
additions6f premiums where applicable and should be the actual
price paid with no adjustment tor credit terms.

Landed Cost: Landed cost represents the dollar per barrel price
,oTcrude-oll at the port of discharge. Incfudes charges
associilted 1o1i th the purchase, transporting and insuring of a
cargo from the purchase point to the port of discharge. Does not
include charges incurred at the discharge point (e.g., import
tariffs or fees, llharfage cha;-ges, and demurrage).

Refiner Acquisition Cost: The average price paid by refiners for
crude oil bOOked into their~~fineries in accordance with
accounting procedures generally accepted and consistently and
,historically applied by the refiners concerned. Domestic crude
oil is that oil produced in the United States or from the outer
continental shelf as defined in 43 USC SecHon 1131. Imported
crude oil is any crude oil which is not domestic oil. The
composite is the weighted average price of domestic and imported
crude oil. Prices do not include the price of crude oil for the
Strategic Petroleum Reserve.

World Crude Oil Price: The estimated contract price of crude oil
between two countries based on government-selling prices, netback
values, or spot market quotations.

C7



506058

HtSi7bt t;.v..ral~.

J% ..qnt

Const.ru.;t.lon

Power ~ir.rne~t

45lJ lI'G\.

SOO =.
:.~c k; ..·

Mild Iteel iJ".j alll.'T.ir.i',un

415V 3 ph.ae 6 anps.

Cc~. &~rel&.(~xpenc1ible)-_..--
"'11olllli1'Nl':l :rdilition Pipe 711, lC 7610:.1> 00, 1.241t1l\.'l\ wall thic):ne~s.

(Aloan cat.lovu- No. £OP 3048L)
,

5it.••

'rower •
.-

.
Steel, with ~ appropriate core retainer.
Bita are plated to prevent corro.ion.

Al~~~ ~nstr~;tion.

OVer 1l.11 d:'l:lt ns10M:

W<!l"V~l~

LeN l:>allut

'lll:lrau.rs.

rnqu..nol'

~n~f\l;..l Po:'CI'l

PO....r reqw.r....ntll

\oIC'rlt1n<1 ....M
"

1 II.

8 ...

109 ~9. (without lu4)

90 lt9.

1.;40 per 111:1\11:8.

8500 neWl:OII&.

l,JX\oI ) phu.

7S Kg' t=.

Al$jorn4tor.

_arUt. 5 IC'IA D1e..l <04!Ml'ator ••

ahippin; w.i9ht for the oomplete v~r~cor.r system approximat.~y

300~K9. eore barrels ar"approx 6 r,; each for .'6'N len9th;the
~ICUIwtI ltnght fo!.' air tl'dght.

Dl


	Cover
	Contents
	Summary
	Location Map
	Appendix

